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A QUALITY SYSTEM APPROACH TO HIGH-RELIABILITY ASSURANCE

EXECUTIVE SUMMARY

This guide has been prepared for the Air Force Space and Missile System Command (SMC) project officers to aid the technical evaluations of the high-reliability assurance for space and launch vehicles and ground support equipment.  It is intended to provide insight into the supplier-implemented processes for high-reliability assurance that incorporates the principles and practices of a quality system.  Chapters 1 through 4 provide descriptions of the essential objectives for high-reliability assurance for each product development phase, the entry and exit criteria for each objective, and the metrics for a quality system approach to high-reliability assurance and control.  SMC project officers can use this guide to write Requests for Proposal, Instructions to Offerors, Statements of Work, and Evaluation Criteria for space systems procurement.  Suppliers can use this guide to prepare contract documents and develop internal processes that achieve the objectives defined herein.  Both SMC project officers and suppliers can use the audit and control metrics defined in this guide to develop design review and systems engineering event criteria in order to track and control the critical outputs of high-reliability assurance.

A quality system approach to high-reliability assurance embraces three basic principles: 1) understand the customer’s requirements, 2) implement a process to meet the customer’s requirements, and 3) demonstrate that the customer’s requirements have been met.  These principles drive several primary-operating characteristics.  Understanding the customer’s requirements dictates that the supplier work with the customer to ensure that the needs and requirements of the customer are fully understood and defined.   Implementing a process to meet the customer’s requirements dictates that the supplier understand and clearly define the design and manufacturing processes necessary for the resultant product to satisfy the needs and requirements of the customer with regard to reliability.  Demonstrating that the customer’s requirements have been met dictates that the supplier implement activities that assure the customer that the reliability requirements have been satisfied.  This guide provides the framework for both the execution of a high-reliability assurance effort and its evaluation through audit and control metrics.

The previous basis for planning and evaluating SMC space and launch vehicle and ground support equipment reliability programs was MIL-STD-1543B, “Reliability Program Requirements for Space and Launch Vehicles.”  While this document contained many essential and value-added tasks, the DoD policy of Acquisition Reform, instituted in June 1994, led to the cancellation of MIL-STD-1543B in June 1998.

This guide provides an overview of the high-reliability assurance objectives for each of the four principal product development phase for space and launch vehicles and ground support equipment.  It summarizes the basic intent of each development phase, describes example metrics for measuring the quality of the high-reliability assurance effort, and identifies the key reliability data produced.  
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This guides makes a conscience effort to combine the primary operating characteristics of a quality system with the engineering and manufacturing analysis and development tasks required for the prevention of product defects.  Essential, value-added objectives such as planning, supplier control, development testing, Environmental Stress Screens (ESS), and Failure Reporting Analysis and Corrective Action System (FRACAS) are carried over from MIL-STD-1543B.  But the descriptions for their objectives are tailored for supporting an integrated high-reliability assurance effort.  Particular care was taken to define value-added objectives for high-reliability assurance efforts implemented in the Concept Exploration (CE) Phase, which precedes the Demonstration and Validation (DEMVAL) Phase, and in the Production and Operational Support Phase, which follows the Engineering and Manufacturing Development (EMD) Phase.  Reliability assurance is sometimes overlooked in these “front-end” and “back-end” phases of the product development lifecycle because functional specialists consider the design to be too fluid during the former and too fixed during the latter.

“Traditional” reliability programs that are based on MIL-STD-1543B have concentrated on minimizing and then predicting the rate of occurrence of component failures.  “Bottom-up” analysis methods, such as, failure rate predictions and Failure Mode and Effects Analysis (FMEA), are usually applied in “traditional” reliability programs.  The fundamental problem with focusing attention on component failure mechanisms is that the majority of defects that plague space systems have gone undetected until integration testing and on-orbit operation.  Field reliability data collected by the Reliability Analysis Center (RAC) on state-of-the-art electronics systems supports the conjecture that the primary causes of failures are not components, but rather deficiencies in design, manufacturing, or Requirements definition.  These process-induced-defect-sources (PIDS) cause latent product defects or allow latent product defects to escape detection.  PIDS can only be effectively uncovered by a concerted “top-down” assessment approach.  But most suppliers parcel out the responsibility for mitigating non-component related defects to various functional specialties, which usually work independently of each other to fulfill self-defined goals.  These kinds of product development environments are characterized by the per-occupation with “stove-pipe” activities by functional specialists, and inadequate knowledge-bases for identifying and controlling critical PIDS.

For most equipment, PIDS can be identified with the aid of powerful computer-aided design (CAD) tools.  But most suppliers have refrained from converting to CAD-based system engineering processes because the return-on-investment is too low.   An alternative solution would be for each functional specialist to become aware that it requires a multidiscipline approach to effectively control PIDS.  By translating this awareness into a plan of action, the high-reliability assurance objectives described in this guide can be achieved.  Failure to implement a multidiscipline approach to high-reliability assurance will lead to varying degrees of deficiency between the demonstrated or predicted reliability and the reliability requirements.  To remedy these deficiencies, procedural 
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changes would be necessary to enhance the coordination of high-reliability

assurance objectives among various functional specialties.  These changes would require that product-specific reliability data paths be established between functional specialties with related objectives.  This guide provides the framework for defining these data paths.  

The scope of high-reliability assurance, as defined in this guide, includes the “traditional” reliability program requirements for “bottom-up” quantitative predictions.  But the utility of these predictions is expanded to include aiding the detection and characterization of PIDS.  The utility of other “traditional” reliability program requirements, such as, Failure Mode, Effects and Criticality Analysis (FMECA) and Circuit and Item Stress Analysis, are similarly expanded.  FMECA is expanded to include the identification of unwanted failure modes and the mitigation of their effects by means of verifiable compensating features (e.g., design changes, special inspections, tests, controls, instructions, and operational corrective actions).  Similarly, Circuit and Item Stress Analysis is expanded to include the identification of parameter variability and the control of its effect by means of verifiable compensating features.  Achieving these and other enhancements to the “traditional” reliability program requires coordinating the probabilistic fault assessment methods applied by the variety of functional specialties under a single risk management process.  Consequently, Reliability Risk Management is defined in this guide as an analytical methodology that applies multidisciplinary criteria for quantifying the state of the high-reliability assurance effort.  

This guide provides detailed descriptions of each principal Phase Objective along with their associated entry and exit criteria.  In an effort to simplify the data descriptions, only those data needed to achieve high-reliability assurance are discussed.  The level of detail of the quality system descriptions are sufficient to provide an understanding of what is required to achieve a certain level of reliability assurance.  At the conclusion of each chapter is a description of the types of metrics used by suppliers to measure the quality of their respective high-reliability assurance efforts.

Users of this guide are cautioned that the implementation of a quality system approach to high-reliability assurance cannot, in general, be accomplished by only referencing prior military standards, handbooks or data items.  As such, high-reliability assurance may require a significant departure from the existing “traditional” reliability program principles.  The cost of making such a departure should not exceed the substantive benefits to be gained.  Prior to changing an existing reliability program, the return-on-investment should be assessed to show that the savings from fewer test failures, higher yields, and longer MTBFs would far out-weigh the cost to change procedures, tools, and responsibilities.
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P.1 INTRODUCTION 

This guide represents a major enhancement to the “traditional” reliability program.  This Overview provides a summary of the high-reliability assurance objectives, key elements of the process, and implementation guidance.  Chapters 1 through 4 provide detail definitions for the high-reliability assurance objectives for each of the four principal product development phases.

Sufficient detail is provided in this guide to establish and manage a comprehensive quality-system approach to high-reliability assurance.  It incorporates and expands the principles of MIL-STD-1543B and includes some new activities that are required to effectively control process-induced-defect-sources (PIDS).  PIDS include incorrect or incomplete requirements, defective or unreliable parts, design or manufacturing errors, excessive stress or fatigue, assembly or handling mistakes, and out-of-tolerance parameters.  A salient common purpose is discussed repeatedly in this guide for many of the “traditional” reliability tasks.  That common purpose is to identify and control product reliability risk before it causes product defects.  A corollary conjecture is that the level of confidence in (or quality of) the quantitative prediction is directly proportional to the level of control over the effects of PIDS.  Consequently, included in the definition of each Phase Objective are those associated entry and exit criteria that contribute to the control of PIDS.  Realizing these extraordinary entry and exit criteria in the supplier’s development process has proven to require teams of multidiscipline functional specialties or powerful computer-aided engineering (CAE) tools that mimic the skills of these teams.

The material presented in Chapters 1 through 4 can be assembled into process documentation for internal use, applied in Statements of Work or Requests for Proposal for contracted work, or used for the establishment of design/program review entry and/or exit criteria.

This guide deals exclusively with the high-reliability assurance for space and launch vehicles and ground support equipment, with the term “reliability assurance” used in the “multidisciplinary” sense noted above.  Any terms found in this guide that infer broad system engineering issues should be interpreted in context to high-reliability assurance only.  For example, the term “Technical Objectives” applies to those objectives that relate to product reliability requirements only.
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P.1.1 QUALITY SYSTEM OVERVIEW

Figure P-1 provides a generic description of the quality system approach to high-reliability assurance.  This process is driven by a commitment to both quality operations and customer requirements.  But the key prerequisite is a highly integrated system engineering process, where functional specialties share knowledge, plans, designs, analyses, and observations to assure that the customer’s reliability requirements are achieved in the final product.
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The feedback element of the design review should provide control over the high-reliability assurance effort by continuously comparing activity results to the customer’s requirements.  This generic high-reliability assurance process is tailorable for application to a specific product by selecting a set of objectives that are critical for achieving the customer’s requirements.  A tailored high-reliability assurance effort also should include the goals for resource usage (e.g., manpower, tools, funds and time).  Every of the selected objective’s entry and exit criteria must be defined in terms of its purpose, requirements, and desired level of quality.

The information in Chapters 1 through 4 is arranged according to product development phase.  Each chapter describes the relationships among Phase Objectives, in respect to their relative order of performance and associated entry and exit criteria.  Each entry and exit criteria is described in sufficient detail to identify such issues as principal purpose, relationship to multiple Phase Objectives, technical content of data, and relevance to judging the quality of the overall high-reliability assurance effort.  
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This guide defines what is required of a supplier to successfully

CRITICAL ACTIVITIES
manage the risk of a high-reliability assurance effort.  Each of the four succeeding chapters defines the key objectives in a functionally concerted effort to eliminate critical defects.  They also provide descriptions of widely used methods for assuring the customer that the reliability requirements have been met.  The primary lesson learned from this guide is that the supplier must plan well in order to define high-reliability assurance requirements.  Much empirical and analytical data are necessary for preventing or eliminating critical defects during design, test, and manufacture.  These data provide the basis for Technical Performance Measurements (TPMs), i.e., measurable reliability performance parameters that are developed in accordance with the supplier’s interpretation of customer needs.  Experience has shown that the supplier should be creative in defining a minimum set of TPMs that is tailored to measure the quality of a high-reliability assurance for a specific product.  Design and manufacturing variability, benchmark comparisons, reliability and maintainability predictions, and test yields are some of the exit criteria that are used for measuring the degree of product compliance with customer requirements.  Other examples of TPMs are contained in the Audit and Control sections in each of the succeeding chapters in this guide. 

The high-reliability assurance objectives defined in this guide cover
  
         
    TAILOR THE

the entire range of space and launch vehicles, and ground
support

     
    PROCESS

equipment in terms of both complexity, technical maturity, and operating environments.  Clearly, tailoring is needed for cost-effectively applying this guide to a specific program or equipment.  For example, some equipment development may begin in EMD as a result of low complexity or technical maturity.  In this case, the high-reliability assurance objectives defined for Concept Exploration and DEMVAL should be reviewed for possible applicability in the EMD phase.  Similarly, if the expected operating environment is relatively benign, the environmental testing activity defined for EMD probably will not be needed.

It is not necessary, nor should it be expected, for all of the activities described in this guide to be arbitrarily applied in every program.  Practical application of this guide requires that maximum use of existing information be one of the primary goals for all activities supporting the definition and implementation of program requirements.
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P.1.2 MONITOR AND REVIEW

PROCESS FEEDBACK

Each product development phase process description identifies procedures for monitoring and reviewing progress in high-reliability assurance.  The monitoring procedures are tailored to both the objectives of each product development phase and the level of detailed design and manufacturing information available during these phases.  The review procedures are directed at promoting customer/supplier involvement, especially during the early product development phases where most of the product's reliability attributes are established.  Similar to the process itself, the monitoring procedures require the participation of multiple disciplines whose focus is on the integration of tasks essential to product defect prevention and elimination.

Prior to the Acquisition Reform Initiative, traditional approaches to reliability program monitoring involved customer review and approval of specifically designated data items.  Typically, the customer’s reliability specialists reviewed these data items.  This approach was generally late in terms of its capability for influencing designed-in reliability.  Evaluation of data was entirely focused on activity results and often did not require an evaluation of the quality of required input data.  Finally, this approach did not ensure that data affecting reliability but developed by different functional specialties was integrated with the review of reliability data.

The monitoring procedures described in this guide employ five Technical Performance Measurements (TPMs) tailored to the high-reliability assurance of space systems product development phases.  These TPMs are: 1) System Reliability, 2) Defect Rates, 3) Design Durability, 4) Manufacturing Variability, and 5) Performance/Cost Effectiveness.  Figure P-2 shows the application of these TPMs across the product development life cycle.  Each TPM provides a traceable measure of merit, in respect to product requirements, for monitoring progress within a phase.  As shown in the figure, more than one TPM metric is required to assess the status of the overall high-reliability assurance effort.  Selecting the “appropriate” set of TPM metrics for monitoring a specific product should be based on the commutative support provided for making a comprehensive assessment of the high-reliability assurance status.
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The selection of the “appropriate” set of TPM metrics is not subject to rigid rules or specifications because the quantitative results must be interpreted within the context of the overall objectives of the high-reliability assurance effort, including the desired quality of that effort.  The supplier is responsible for selecting TPM metrics that can most accurately reveal the state of high-reliability assurance at any point in time in the development phase.  The quantitative results should be developed in a timely manner and subjected to objective scrutiny, which can be achieved with maximum customer/vendor involvement in the supplier’s program review process.

P.2 IMPLEMENTING THE PROCESS
      
          PROCESS 



          RESPONSIBILITY

Figure P-3 identifies the major functional specialties that typically participate in space systems suppliers’ system engineering processes.  This is just one possible way of arranging functional specialties according to major organizational areas.  Most suppliers probably have a different operating structure than that shown.  But the supplier’s operating structure does not drive the quality of high-reliability assurance as much as a concerted effort by all functional specialties to identify and eliminate or control process induced defect sources. 
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Figure P-3. Major Functional Specialties Participating In High-Reliability Assurance.

The tables in Figures P-4 through P-7 provide an overview of the major objectives of high-reliability assurance by successive product development phase.  The first digit of the block number in the far left-hand columns identifies the specific the product development phase; e.g., 1 is the Concept Exploration and Definition Phase, 2 is the Development and Validation Phase, etc.  Each Phase Objective is associated with specific entry and exit criteria.  The Input/Output (I/O) columns identify whether the named criterion serves as an entry or exit criterion for the named Phase Objective.  The purpose of each entry and exit criterion is discussed in detail throughout this guide. 

The primary focus of a high-reliability assurance effort is customer             
RELIABILITY DATA

satisfaction.  This implies that it is the supplier’s responsibility to fully understand the customer’s needs.  In order to foster this responsibility, the functional specialties should process only data that have verifiable sources or elements.  Limiting high-reliability assurance to traceable data reduces the risk of an early failure due to a flawed assumption about the intended environments or uses of the product.  This guide does not provide a “cookbook” of reliability data item descriptions (DIDs) for specific types of equipment.  But it does recommend as good practice, that functional specialties select empirical and analytical methods that do not “burn the bridges” between the data results and the data sources or elements.  Defining a comprehensive list of DIDs for a specific type of equipment requires understanding the needs of the recipients of the data.  Space systems reliability data has many customers both external and internal to the functional specialties that generate the data, as is discussed in some detail in Chapters 1 through 4.  The descriptions of these data may be used as the basis for creating tailored DIDs.

P-6

 PRELUDE

HIGH-RELIABILITY ASSURANCE

	Concept Exploration Phase

Reliability Assurance

 Critical Activities


	Input (I) Output (O)
	 Concept Exploration Phase

Reliability Assurance

 Critical Activities


	Input (I) Output (O)

	Block               Title
	
	Block               Title
	

	1.1   ISO 9001 Quality
	
	1.5     Tradeoff Analyses &
	

	        Evaluation
	
	           Technology Selection
	

	1.1.1     Organization-Wide Practices
	I
	1.5.1     Updated CE Tech Objectives
	I

	1.1.2     Evaluation Criteria
	I
	               Flowdown
	

	1.1.3     Quality Evaluation Results
	O
	1.5.2     Trade Study Candidates
	I

	1.2     Interpret Customer
	
	1.5.3     Technology/Concepts
	I

	          Needs
	
	1.5.4     Trade Study Results
	O

	1.2.1     Customer Needs &
	I
	1.6     Functional Requirements &
	

	              Objectives
	
	          Config Recommendations
	

	1.2.2     CE Technical Objectives
	I
	1.6.1     Updated CE Tech Objectives
	I

	1.2.3     Updated CE Tech Objectives
	O
	               Flowdown
	

	1.2.4     Trade Study Candidates
	O
	1.6.2     PIDS Risk Assessment      
	I

	1.2.5     Research Requirements
	O
	1.6.3     Technology Definition
	I

	1.3     Reliability Assurance Planning
	
	1.6.4     Trade Study Results
	I

	1.3.1     Funding Profiles
	I
	1.6.5     DEMVAL Technical Objectives
	O

	1.3.2     Contract Requirements
	I
	1.6.6     DEMVAL Risk Reduction Plan
	O

	1.3.3     Updated CE Tech Objectives
	I
	1.7     Functional Requirements 
	

	1.3.4     Trade Study Candidates
	I
	          Reviews
	

	1.3.5     Tailored Rel Assurance Plan
	O
	1.7.1     Phase Objectives Exit Criteria
	I

	1.3.6     Computer-Aided Engineering
	O
	               1.2 Through 1.6
	

	              (CAE) Tool Development
	
	1.7.2    Functional  Requirements
	I

	1.3.7     Updated CE Technical 
	O
	              Review Procedures
	

	              Objectives Flowdown
	
	1.7.3    Functional Requirements 
	O

	1.3.8     Benchmarking &
	O
	              Review Results
	

	              Training Plans
	
	
	

	1.3.9     Subcontractor
	
	
	

	              Control Plan
	O
	
	

	1.4     Technology Assessment &
	
	
	

	          Risk Identification
	
	
	

	1.4.1     CE Technical Objectives 
	I
	
	

	               Flowdown
	
	
	

	1.4.2     Technology/Concept
	I
	
	

	              Data
	
	
	

	1.4.3     Experience Database
	I
	
	

	1.4.4     Environment & Use Data
	I
	
	

	1.4.5     PIDS Risk Assessment
	O
	
	

	1.4.6     Technology Definition
	O
	
	

	1.4.7     Critical Functions & 
	O
	
	

	              Parameters
	
	
	

	1.4.8     Reliability Predictions       
	O
	
	


Figure P-4. Concept Exploration Phase High-Reliability Assurance Objectives.
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	Demonstration & Validation Phase Reliability Assurance

Critical Activities
	Input (I) Output (O)
	Demonstration & Validation Phase Reliability Assurance

Critical Activities 
	Input (I) Output (O)

	Block               Title
	
	Block               Title
	

	2.1     ISO 9001 Quality 
	
	2.5     Tradeoff Analyses &
	

	           Reevaluation
	
	           System Selection
	

	2.1.1     Organization-Wide Practices
	I
	2.5.1     Trade Study Candidates
	I

	2.1.2     Evaluation Criteria
	I
	2.5.2     DEMVAL Technical Objectives
	I

	2.1.3     Quality Evaluation Results
	O
	              Flowdown
	

	2.2     Update Interpretation of
	
	2.5.3     Design Data
	I

	           Customer Needs
	
	2.5.4     Trade Study Results
	O

	2.2.1     Customer Needs & Objectives
	I
	2.6     Development & Validation
	

	2.2.2     DEMVAL Technical Objectives
	I
	            Testing
	

	2.2.3     Updated DEMVAL Technical
	O
	2.6.1     DEMVAL Test Plan
	I

	               Objectives
	O
	2.6.2     Environment & Use 
	I

	2.2.4     Trade Study Candidates
	O
	              Data
	

	2.3     Tailored Reliability Assurance
	
	2.6.3     DEMVAL Test Results & 
	O

	            Planning 
	
	              Design Changes
	

	2.3.1     Funding Profiles
	I
	2.7     EMD Specification
	

	2.3.2     Contract Requirements
	I
	           Development
	

	2.3.3     DEMVAL Risk Reduction Plan
	I
	2.7.1     Technical Objectives
	I

	2.3.4     Technical Objectives Flowdown
	I
	              Flowdown
	

	2.3.5     Trade Study Candidates
	I
	2.7.2     Quantitative Reliability
	I

	2.3.6     Tailored Program Plan
	O
	              Expectations
	

	2.3.7     Updated DEMVAL Risk
	O
	2.7.3     Environment & Use Data
	I

	              Reduction Plan
	
	2.7.4     Design Criteria
	I

	2.3.8     Technical Objectives Flowdown
	O
	2.7.5     EMD Specifications
	O

	2.3.9     Supplier Selection &
	O
	2.7.6     EMD Risk Reduction Plan
	O

	              Control Plan 
	
	2.8    System Requirements &
	

	2.3.10   DEMVAL Test Plan
	O
	          Preliminary Design Reviews
	

	2.3.11   Computer-Aided 
	O
	2.8.1     Phase Objectives Exit Criteria
	I

	              Engineering (CAE) Tools 
	
	               2.2 Through 2.7
	

	2.4     Reliability Analyses &
	
	2.8.2     Design Review Procedures
	I

	           Risk Reduction
	
	2.8.3     Design Review Reports
	O

	2.4.1     System Design Data
	I
	
	

	2.4.2     Technical Objectives  Flowdown
	I
	
	

	2.4.3     Experience Data
	I
	
	

	2.4.4     Environment & Use Profiles
	I
	
	

	2.4.5     Manufacturing Process
	I
	
	

	              Description
	
	
	

	2.4.6     DEMVAL Test Results & 
	I
	
	

	              Design Changes
	
	
	

	2.4.7     Design Criteria Report
	O
	
	

	2.4.8     Critical Functions,
	O
	
	

	              Parameters & Processes
	
	
	

	2.4.9     Reliability Predictions
	O
	
	


Figure P-5. DEMVAL Phase High-Reliability Assurance Objectives.
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	Engineering & Manufacturing Development Phase

Reliability Assurance

Critical Activities
	Input (I) Output (O)
	Engineering & Manufacturing Development Phase

Reliability Assurance

Critical Activities
	Input (I) Output (O)

	Block               Title
	
	Block               Title
	

	3.1    ISO 9001 Quality Reevaluation
	
	3.4.9    Design for Testing & 
	O

	3.1.1     Organization-Wide Practices
	I
	            Manufacturing Guidelines
	

	3.1.2     Evaluation Criteria
	I
	3.5     Tradeoff Analyses  &
	

	3.1.3     Quality Evaluation Results
	O
	           Parts Selection
	

	3.2   Interpretation of Customer Needs
	
	3.5.1     Trade Study Candidates
	I

	3.2.1     Customer Needs and Objectives
	I
	3.5.2     Updated EMD Tech Objectives 
	I

	3.2.2     EMD Technical Objectives
	I
	               Flowdown
	

	3.2.3     Updated EMD Tech Objectives
	O
	3.5.3     Design and Mfg Alternatives
	I

	3.2.4     Trade Study Candidates
	O
	3.5.4     Trade Study Results
	O

	3.3    Tailored Reliability Assurance
	
	3.6     Integrated Testing
	

	           Planning
	
	3.6.1     Integrated Test Plan
	I

	3.3.1     Funding Profile
	I
	3.6.2     Environment & Use Data
	I

	3.3.2     EMD Risk Reduction Plan
	I
	3.6.3     Integrated Test Results & 
	O

	3.3.3     Contract Requirements
	I
	              Design Changes
	

	3.3.4     Product Design &
	I
	3.7     Manufacturing Process
	

	              Manufacturing Requirements
	
	          Control Planning
	

	3.3.5     Tradeoff Candidates
	I
	3.7.1    Design for Manufacturing
	I

	3.3.6     Tailored Program Plan
	O
	              Guidelines
	

	3.3.7     CAE Tools
	O
	3.7.2    Fault/Failure Analyses Results
	I

	3.3.8     Requirements Flowdown
	O
	3.7.3    Mfg Process Description
	I

	3.3.9     Subcontractor Selection
	O
	3.7.4    Mfg Experience Data
	I

	              & Control Plan 
	
	3.7.5    Variability Analyses Results
	I

	3.3.10   Integrated Test Plan
	O
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Figure P-6.  EMD Phase High-Reliability Assurance Objectives.
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Figure P-7.  Production & Support Phase High-Reliability Assurance Objectives.
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CHAPTER 1

CONCEPT EXPLORATION PHASE

1. INTRODUCTION
     
 KEY OBJECTIVES 


      
 AND CRITERIA

This chapter defines the key objectives related to the development of high-reliability attributes that should take place during the Concept Exploration (CE) Phase.  The principal objective of this phase is to define and select system concepts for further development in succeeding phases.  Figure 1-1 defines the key seven Phase Objectives that are related to high-reliability assurance:

(
ISO 9001 Quality Evaluation

(
Interpret Customer Needs

(
Reliability Assurance Planning

(
Technology Assessment and Risk Identification

(
Trade-Off Analyses and Technology Selection

(
Functional Requirements and Configuration Recommendations

(
Functional Requirements Reviews

Most of the key Phase Objectives involve tradeoff analyses, i.e., iteratively comparing customer requirements to postulated product configurations and attributes.  As such, space systems CE programs are usually aligned with one or more Research and Development (R&D) projects.  High-reliability assurance in R&D projects should be conducted in accordance with the objectives described in Paragraphs 1.1.1 through 1.1.7.  If the R&D project is contracted, the customer may wish to tailor some of the objectives to obtain specific data that are called out in technical documentation, such as, a failure free operating period in an equipment specification or a sneak circuit listing in a Data Item Description.










Figure 1-1. Concept Exploration High-Reliability Assurance Objectives.
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Functional specialties should select empirical and analytical activities that provide evidence of the quality of the high-reliability assurance effort.  The simultaneous implementation of several activities can be governed by supplying functional specialties with an integrated set of organizational practices or computerized tools.  Internal procedures governing the section of optimal designs is an example of integrated organizational practices.  In any case, activities that are conducted in parallel should be coordinated among performing functional specialties to avoid duplication in effort and to maintain a consistent focus on meeting customer requirements.

1.1 SUMMARY OF KEY PHASE OBJECTIVES


PURPOSE

The principal focus of all Concept Exploration Phase activities



is the development of affordable and useful technologies for specific customer needs.  The most critical Phase Objective in respect to high-reliability assurance is the translation of customer needs into performance requirements.  Several analyses and trade-off studies are conducted to determine the optimum system performance objectives considering the expected environments, desired uses, and constraints (technical, cost and schedule).  The second most critical Phase Objective is the definition of a preferred system configuration with a set of performance objectives.  During this phase, alternative system concepts that satisfy customer needs are developed and evaluated.  The development of the preferred configuration includes the selection of high and medium risk emerging technologies that offer solutions to identified problems.  Finally, the third most critical Phase Objective is a set of risk reduction plans for emerging technologies, inherent design risks, and process-induced-defect-sources.  These plans define activities that must be implemented to identify and control reliability risks.

The principal phase products are complemented by the simultaneous development of product reliability attributes used in latter product development phases for enhancing the design and manufacturing robustness.  The level of effort put into developing reliability attributes should be governed by the desired quality of work to be performed in subsequent phases, as defined in plans.

A baseline for high-reliability assurance is established by 


ESTABLISH

means of an ISO 9001 Quality Evaluation of the supplier’s internal 

CAPABILITY
processes.  This evaluation results in a score rating reflecting the requisite commitment to total quality by each of the supplier’s functional specialties.  Ancillary benefits of the evaluation process are the identification of necessary improvements in specific practices, and a heightened ranking in competitive source selections with suppliers that have not been quality evaluated.
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The most critical Phase Objective is the interpretation of customer
  DEFINE THE NEEDS

needs and the translation of these needs into technical objectives.
  OF THE CUSTOMER

The supplier must focus on the accurate definition of customer needs.  Active customer participation is required to successfully meet this objective.

Concept Exploration reliability assurance planning should be
a      

PLAN THE
natural result of broadly applicable, organization-wide standard

OBJECTIVES

practices mandating high-quality.  In any organization committed to high quality it would be expected that the existing practices address most of the Phase Objectives, including associated entry and exit criteria, described in Paragraphs 1.1.1 through 1.1.7.

Assessing Technologies and Identifying Risks is the second
most
    PREVENT DEFECTS

critical Phase Objective.  All technology development requires the concurrent characterization of reliability attributes, including the definition of manufacturing technology for the purpose of initiating process control techniques.  This characterization must focus on defect prevention and plans for maturing the reliability attributes.

Tradeoff Analyses are the vehicle for achieving balanced designs. 

BALANCE THE
The design should be balanced in respect to finding an optimum

DESIGN
solution for competing requirements.  The weights assigned to the measures of merit used to evaluate the goodness of the design alternatives must be traceable to customer defined priorities.

The Functional Requirements and Configuration 


ASSESS RISKS
Recommendations synthesize the results of the prior activities (excluding the Quality Evaluation) into a recommended systems implementation with quantified objectives for reliability attributes.  This is the third most critical Phase Objective and it includes the development of a firm set of risk reduction plans.

Functional Requirements Reviews bring discipline and a focus



SATISFY THE

to the creative R&D activities in technology development


  
CUSTOMER

programs.  These reviews are the vehicles for maintaining a focus on the satisfaction of customer needs.

1.1.1 ISO 9001 QUALITY EVALUATION 
This contract-independent objective establishes a qualitative baseline for the supplier technology development quality system.  Figure 1-2 defines the criteria required for achieving high-reliability for this objective.  In preparation for ISO 9001 evaluation, the supplier must conduct an internal review of organization-wide practices.  This pre-evaluation exercise must use criteria defined in the ISO 9001 Quality Systems Model Standard. 
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Figure 1-2. ISO 9001 Quality Evaluation.
1.1.1.1 ENTRY CRITERION – ORGANIZATION-WIDE PRACTICES

The ISO 9001 Standard requires that the supplier have a process for design verification and validation that satisfies the ISO 9001 Quality System Model and produces quality records.  The supplier is allowed to implement any system of processes that works, since the standard does not prescribe a particular method for design verification, or a particular format for the quality records.  However, the supplier is required to have documented practices in place to cover each of the twenty elements of the Quality System Model.  These elements include design control, process control, document control, contract review, and record keeping.  

1.1.1.2 ENTRY CRITERION- EVALUATION CRITERIA
The ISO 9001 Standard requires using a third party audit strategy to verify quality system compliance.  There are twenty elements that are the building blocks of the Quality System Model.  Each quality system element is associated with number of required activities.  For example, the required activities for the design control element include design input, design output, design verification, design validation, and design reviews.   ISO 9001 requires the design output to be expressed in terms that can be verified and validated against design input requirements.  This assures the product conforms to defined user needs and/or requirements.  Each functional specialty is allowed to retain its own design verification and validation reports, and these records may be used as quality records.  The quality system auditor checks these records to verify compliance with the standard. 
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1.1.1.3 EXIT CRITERION- QUALITY SYSTEM EVALUATION RESULTS

The results of the ISO 9001 evaluation are used to determine if the supplier’s quality system complies with documented organization-wide practices.  ISO 9001 Registration certifies full or conditional compliance with a standard set of procedures designed to institute consistency among quality systems and thereby facilitate product uniformity.  However, ISO 9001 Registration must not be misconstrued a guarantee of product reliability.  To assure that product reliability requirements will be met, the supplier must conduct internal audits of the capabilities and effectiveness of functional specialties to identify and control the effects of process-induced-defect-sources (PIDS).

PIDS cause latent product defects or allow latent product defects to escape detection.  PIDS are often difficult to identify and control because one defect may be associated with several PIDS and vice versa.  There is no comprehensive database where industry-wide knowledge about defect causes and effects is collected and freely exchanged.  As a result, different suppliers have experienced different levels of success with identifying and controlling the effects of PIDS.  PIDS Risk Assessment requires a more in depth understanding of the relationships between processes and product reliability attributes than required for an ISO 9001 evaluation.  The development of high-reliability systems requires the judicious application of design reliability knowledge.
The results from the ISO 9001 evaluation and the PIDS Risk Assessment complement one another.  The ISO 9001 evaluation assures that the organization-wide practices are in place to define, implement, and verify all product test and inspection requirements.  The PIDS Risk Assessment assures that the product will meet all performance and safety requirements and be dependable in customer use.  To avoid duplication in effort, the ISO 9001 evaluation and the PIDS Risk Assessment should be conducted concurrently. 

1.1.2 INTERPRET CUSTOMER NEEDS

A systematic, comprehensive process for defining customer needs, the priorities associated with these needs, and the translation of these needs into quantified technical objectives is one of the most critical activities of this product development phase.  Figure 1-3 defines the criteria required for achieving high-reliability for this objective.  The supplier must be prepared to integrate customer needs defined during other research and development activities with customer needs defined for the product being developed. 
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Figure 1-3. Interpret Customer Needs.
1.1.2.1 ENTRY CRITERION- CUSTOMER NEEDS AND

COMPREHENSIVE

OBJECTIVES

SEARCH FOR



CUSTOMER NEEDS

All contract technical documentation must be reviewed to assure program-wide consistency in describing customer needs.  Customer needs and objectives should be explicitly defined in contract technical documentation, such as, Mission Need Statements, Statements of Work, Integrated Master Plans, and preliminary specifications.  However, additionally, the supplier must initiate early and frequent customer contact to validate and refine the multidisciplinary definitions of customer needs.

1.1.2.2 ENTRY CRITERION- CONCEPT EXPLORATION TECHNICAL OBJECTIVES

The supplier must ensure the documented needs of the Concept Exploration Phase are identified and properly translated into technical objectives.  The supplier must also ensure that customer needs and technical objectives, defined during prior research, is available for application to the product being developed.  The supplier develop have a thorough understanding of both good and bad customer experiences, with current products being the preferred source for identifying customer needs.

1.1.2.3 EXIT CRITERION– UPDATED CONCEPT EXPLORATION TECHNICAL OBJECTIVES

The supplier must provide a definition of specific technical attributes and parameters that will satisfy all customer needs.  This definition includes quantitative objectives for each of the attributes and parameters.  The customer needs must be given 
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weighting factors that represent priority levels.  These factors are used to define the relative importance of each of the technical attributes and parameters.  It is critical that the interaction between reliability technical attributes and the other technical attributes be identified.  At this early stage of product development, it is important that quantified attributes and parameters be treated as objectives rather than requirements.

1.1.2.4 EXIT CRITERION - TRADE STUDY CANDIDATES
The supplier must identify candidates for trade studies to be performed during the Concept Exploration Phase.  Trade-off analyses are used to optimize a technical attribute or parameter that interacts with other technical attributes or parameters.  For example, satellite sensor range is a function of power, weight, volume, receiver sensitivity, reliability, and cost.  Trade studies are also used to select between alternative technologies or system concepts.

1.1.2.5 EXIT CRITERION – RESEARCH REQUIREMENTS

RELATED RESEARCH

AND DEVELOPMENT
The supplier, in concert with the customer, must identify, for the product being developed, all related research and development in order to avoid duplication and maximize resources.  As the Concept Exploration Phase proceeds, additional research necessary to enable developing technology applicable to the system must be identified for inclusion in future plans.

1.1.3 RELIABILITY ASSURANCE PLANNING


ALLOCATE THE




RESOURCES
Reliability assurance planning is necessary for the Concept



Exploration Phase in order to define the critical activities and their parent objectives, the functional specialties responsible for performing these activities, the schedule for their performance, and the resources to be allocated, all based on customer priorities.   Figure 1-4 defines the criteria required for achieving high-reliability for this objective.  As a baseline, high-reliability assurance planning should include the activities described in Paragraphs 1.1.2 through 1.1.7.  However, if a supplier has an existing set of documented practices that embrace the intent of this guide, they should be used in lieu of charting specialists in the fields of Reliability, Design, Testability and Manufacturing to prepare a set of plans for the product being developed.
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Figure 1-4. Reliability Assurance Planning.
1.1.3.1 ENTRY CRITERION– FUNDING PROFILES
            FUNDING THAT IS


            RESPONSIVE TO
The supplier must have a funding process that is interactive,             CUSTOMER NEEDS

flexible, and responsive to customer needs and priorities.

Funding profiles should be an element of initial Requirements Reviews to ensure that they are consistent with customer priorities.

1.1.3.2 ENTRY CRITERION– CONTRACT REQUIREMENTS

This entry criterion consists of a complete description of overall program objectives, schedules, task definitions, and deliverables.

1.1.3.3 ENTRY CRITERION– UPDATED CONCEPT EXPLORATION TECHNICAL OBJECTIVES
Exit criterion 1.2.3 serves as entry criterion for Reliability Assurance Planning.

1.1.3.4 ENTRY CRITERION– TRADE STUDY CANDIDATES

Exit criterion 1.2.5 serves as entry criterion for Reliability Assurance Planning.  Additional trade study candidates may be identified based on customer needs and supplier experience.  The candidate list should define specific measures of merit being used to evaluate trade study issues or alternative designs.  Reliability attributes should always be included as trade study measures of merit.
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1.1.3.5 EXIT CRITERION– TAILORED RELIABILITY ASSURANCE PLAN

The supplier must prepare a plan for accomplishing all of the Concept Exploration Phase objectives for high-reliability assurance, including all the associated entry and exit criteria.  The Reliability Assurance Plan must be tailored based on the complexity of the product design and scope of the reliability requirements.  It must describe the activity acceptance criteria, responsible parties, and schedule.  Existing organization-wide documented practices should augment the Reliability Assurance Plan if they define how to accomplish the activities described in Paragraphs 1.1.4 through 1.1.7.

1.1.3.6 EXIT CRITERION – COMPUTER AIDED


CONCURRENT

ENGINEERING (CAE) TOOL DEVELOPMENT


ENGINEERING

The supplier must continuously maintain and update the definition of hardware and software design automation tools and the interoperability of equipment and databases.  These plans would generally be done on an organization-wide basis and should include plans and provisions for training.  Concurrent Engineering demands automation and the capability for the interchange of data. Consideration of customer use/access to databases should always be part of these plans.

1.1.3.7 EXIT CRITERION– UPDATED CONCEPT EXPLORATION TECHNICAL OBJECTIVES FLOWDOWN
This exit criterion identifies the system level technical attributes and parameters associated with satisfying customer needs, the quantitative objectives for these attributes and parameters, and a quantification of the relative importance of each attribute or parameter based on customer priorities.  If required for further analysis or trade studies, the system level attributes and parameters must be decomposed or allocated to lower level parameters and objectives.  Traceability to customer needs and quantification of importance based on customer priorities must be maintained.
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1.1.3.8 EXIT CRITERION- BENCHMARKING AND

 TRAINING PLANS
The supplier must develop benchmarking plans to correct weaknesses identified during the Quality Evaluation Activity.  These plans should identify the specific corrective actions necessary for improvement that will be beneficial to the conduct of Concept Exploration.  An evaluation of the capabilities of program personnel to implement the high-reliability assurance requirements for Concept Exploration must be conducted.  Training plans to correct any deficiencies must be prepared.  Training plans should also include provisions for ensuring that program personnel fully understand the tasks to be performed and the objectives for reliability attributes.

1.1.3.9 EXIT CRITERION - SUBCONTRACTOR SELECTION
CONTROL THE 

AND CONTROL PLAN 

SUBCONTRACTORS

This exit criterion should be in the form of a plan that describes the supplier and subcontractor actions needed to ensure that the product reliability requirements are properly flowed down to subcontractors.  This plan may be developed as part of an existing organization-wide subcontractor certification program.  This plan should include a definition of the subcontractor selection criteria, including required compliance with the supplier’s quality system, and specifically address the selection and control of high quality parts and materials with a focus on determining the process control exercised by parts and materials subcontractors.  This plan should also describe the procedures for conducting timely subcontractor reviews by the supplier.

1.1.4 TECHNOLOGY ASSESSMENT AND RISK

 DEFECT PREVENTION

IDENTIFICATION

 ACTIVITY

The supplier must begin the process of developing methods for preventing or eliminating defects in product reliability attributes (failure probability, use life, durability, defect rate, BIT performance).  Figure 1-5 defines the criteria required for achieving high-reliability for this objective.  This Phase Objective includes identifying initial design, application, and derating criteria, environmental sensitivity, critical parameters and functions, parameter variability, projected manufacturing technology, and quantitative performance expectations for reliability attributes.
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Inherent to this Phase Objective is the integrated focus of functional specialties on product defect prevention.  For example, the initial definition of built-in test (BIT) requirements and fault tolerance features requires that all system critical functions and parameters be first identified by the involved functional specialties.  These functional specialties usually accomplish this with fault/failure analysis tools (e.g., Failure Mode, Effects and Criticality Analysis (FMECA), fault tree analysis, fishbone analysis, finite element analysis, physics of failure or fatigue simulation).  Similarly, the initial definition of key manufacturing processes requires first defining all system critical functions and parameters.  This Phase Objective addresses both defect prevention for new technologies and defect elimination for the existing technology being applied to the system concept.
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Figure 1-5. Technology Assessment And Risk Identification.
1.1.4.1 ENTRY CRITERION- UPDATED CONCEPT EXPLORATION TECHNICAL OBJECTIVES FLOWDOWN

Exit criterion 1.3.7 serves as entry criterion here.  The criterion should be in the form of technical attributes and parameters and their baseline quantitative objectives.

1.1.4.2 ENTRY CRITERION- TECHNOLOGY/CONCEPT DATA
The new technology and systems concepts must be completely defined, including identification of functionally and/or physically similar existing technologies or systems.  These identifications should define the environmental and use applications of the existing technology or systems. Customer input is required for defining failure severity classifications for loss of functions.
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Factors that should be identified for the new technology or system concept include:

1) Definition of system's functions derived from the mission description;

2) Environmental constraints or sensitivities;

3) Critical attributes, parameters or functions;

4) Failure severity classifications for loss of functions; 

5) Variability range of critical parameters; and 

6) Packaging concepts; and

7) Projected manufacturing technologies or processes (especially those associated with critical functions or parameters).

1.1.4.3 ENTRY CRITERION- EXPERIENCE DATABASE

LESSONS LEARNED

The supplier must apply all required data that can not be obtained in the Conceptual Development Phase. These data must be 

readily available internally or obtained from outside sources.  Examples of the kinds data found in an experience database are customer and internal lessons learned, user reliability attribute performance data for functionally or physically similar technologies/systems, results from related research, existent design and application guides (e.g., derating, design margins), and current manufacturing process defect rate data.  The application of data concerning the lessons learned of other suppliers and the performance of comparable systems must be thoroughly coordinated with the customer.

1.1.4.4 ENTRY CRITERION- ENVIRONMENT AND USE DATA
The supplier must conduct functional analyses to define the operating profiles for the system.  The Mission Descriptions, or similar customer-provided documents, should be use to derived the first order environment and data.  Environment data should include the primary fault-producing external environments, such as temperature extremes, temperature cycling, vibration, shock, and humidity produced by both expected operating conditions and maintenance conditions.  Use data should include maximum operating conditions, and an estimate of cumulative lifetime exposures based on expected environments, mission scenarios, and maintenance frequency.  

1.1.4.5 EXIT CRITERION - PIDS RISK ASSESSMENT

   PROCESS RISK 

   REDUCTION
This exit criterion represents the identification of areas of risk relative to the affect of the supplier processes on the capability of functional specialties to achieve the technical objectives for reliability attributes, and the plans for eliminating or controlling 
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those areas of risk.  The areas of risk that this activity addresses are referred to as process-induced-defect-sources (PIDS) in this guide.  PIDS include uncontrolled critical parameter variability, unknown environmental and operational stress sensitivities, latent system operating modes, incorrect or absent design and application criteria, and the lack of definition of manufacturing processes and technology. 

Special attention must be paid to the substantiation of reliability attributes (e.g., probability of failure, use life, durability, design and manufacturing defect rates, BIT performance, and parameter variability) for new technologies.  Estimates of reliability performance that are not justified by substantive engineering rationale should be handled as PIDS.  The degree of substantiation exhibited by a system reliability estimate may be expressed as a quality level factor that is applied to that estimate.
Table 1-1 provides an example criteria for evaluating the quality of system reliability estimates.  Typically, the quality level factor for a conceptual design is between 0.6 and 0.8.  Therefore, if a supplier’s reliability prediction were 0.88, and the process used to obtain that prediction matches the definition for the 0.7 quality level factor in Table 1-1, then the customer should regard the current state of the design as having a reliability of only 0.616.

Allowable critical parameter variability must be estimated in order to initiate the process of variability control, identify manufacturing processes requiring characterization and control, and provide a basis for BIT requirements and fault tolerance features.  Defect reduction actions, such as lessons learned, derating criteria, design constraints/margins, application guidelines, design rules, design for manufacturing principles, and required manufacturing technologies or processes applicable to both new and existing technologies proposed for use in the new system should be defined.
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Table 1-1. System Reliability Estimate Quality Evaluation Criteria.

	QUALITY LEVEL

FACTOR
	SYSTEM Reliability ESTIMATE Quality Evaluation Criteria

	1.0
	Reliability predictions are based on Customer’s experience with the performance of existing comparable equipment.  All key system reliability parameters (e.g., probability of failure, use life, fatigue, false alarm rate, etc.) are defined.  Clear engineering rationale is provided for all expected improvements.  Definition of design/application criteria is complete.  Lessons learned data are available (e.g., derating, environmental sensitivity, manufacturing process, etc.).  Expected operating environment including maintenance is defined and is traceable to Customer’s mission description.  Reliability models are based on FMECA, fault tree analysis, or similar fault/failure analysis tools coordinated by involved functional specialties to identify critical items/parameters and functional/hardware failure modes.  Processing of critical items is tracked and proper disposition of each item’s risk is verified.  Reliability analyses are updated with design change data and development test results.  Fault detection and accommodation approaches are defined and related to critical parameters and functions. 

	0.9
	Reliability predictions are based on comparisons to current performance of existing comparable equipment.  One or two key system reliability parameters (e.g., probability of failure, use life, fatigue, false alarm rate, etc.) are not defined.  Clear engineering rationale is provided for all expected improvements.  Definition of design/application criteria is complete.  Lessons learned data are available (e.g., derating, environmental sensitivity, manufacturing process, etc.).  Expected operating environment including maintenance is defined and traceable to Customer’s mission description.  Reliability models are based on FMECA, fault tree analysis, or similar fault/failure analysis tools coordinated by involved functional specialties to identify critical items and functional/hardware failure modes.  Processing of critical items is tracked but proper disposition of each item’s risk is not verified.  Reliability analyses are updated with design change data and development test results.  Fault detection and accommodation approaches are defined but not related to critical parameters and functions. 

	0.8
	Reliability predictions are based on comparisons to current performance of existing comparable equipment.  Several key reliability parameters are not defined and engineering rationale for expected improvements is weak.  Definition of design/application criteria is complete.  Lessons learned data are available (e.g., derating, environmental sensitivity, manufacturing process, etc.).  Expected operating environment including maintenance is defined and traceable to Customer’s mission description.  Reliability models are based on FMECA, fault tree analysis, or similar fault/failure analysis tools conducted by the Reliability function (with input from other involved functional specialties) to identify critical items and functional failure modes.  Processing of critical items is not tracked.  Reliability analyses are updated with design change data but not all development test results are included.  Fault detection and accommodation approaches are partially defined and not related to critical parameters and functions. 

	0.7
	Reliability predictions have limited relevance to current performance of existing comparable equipment.  Only a few key reliability parameters are defined and engineering rational for expected improvements is weak.  Definition of design/application criteria is incomplete.  Lessons learned data are partially available (e.g., derating, environmental sensitivity, etc.)  Expected operating environment including maintenance is not traceable to Customer’s mission description.  Reliability models are not based on FMECA, fault tree analysis, or similar fault/failure analysis tools conducted by the Reliability function to identify critical functional failure modes.  Reliability analyses are updated with incomplete design change data, and development test results are not included.  Fault detection and accommodation approaches are not defined. 

	0.6
	Reliability predictions have no relevance to current performance of existing comparable equipment.  No key reliability parameters and design/application criteria are defined.  Lessons learned data are not available.  Expected environment including maintenance is not traceable to Customer’s mission description.  FMECA, fault tree analysis or similar fault/failure analysis tools are not conducted to identify critical functional failure modes.  Reliability analyses are not updated with design change data or development test results.  Fault detection and accommodation approaches are not defined. 


1.1.4.6 EXIT CRITERION – TECHNOLOGY DEFINITION
       IDENTIFY RELIABILITY
       ATTRIBUTES AND

This activity must accomplish two objectives: 1) define, 
       DEFINE DESIGN RULES
quantitatively, the expected performance levels for the system reliability attributes, and 2) provide an initial definition of design constraints and application guidelines which will prevent defects.
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The quantitative estimates for system reliability attributes (e.g., use life, probability of failure, durability, BIT performance, and defect rates, inclusive of projected manufacturing defects) must be based on the following:

1. Comparisons to user performance levels for functionally or physically comparable current technology, or 

2. Specific engineering rationale that includes causal analysis of existing designs (exit criterion 1.4.7).

The design and operational constraints must be identified and translated into design rules and application guidelines that can be readily applied in the design definition or operations procedures.

1.1.4.7 EXIT CRITERION- CRITICAL FUNCTIONS AND

     MAINTAIN CRITICAL 

PARAMETERS



  


     
     ITEMS LIST
This exit criterion represents the identification and control of all system critical functions and/or parameters that require special attention because of complexity, application of state-of-the-art technology, anticipated reliability problems, or impact of potential failure on safety, readiness, and mission success.  Fault detection and accommodation functions associated with critical functions or parameters should, itself, be considered a system critical function.   The supplier must maintain a “living” Critical Items List (CIL) that reflects the current status of critical item identification, control, and disposition. The quality level of critical item disposition is measured by the ratio of completed versus required actions.

All system critical parameters and/or functions must be identified with fault/failure analysis tools (e.g., FMECA, fault tree analysis, fishbone analysis, finite element analysis, physics of failure or fatigue simulation) that are coordinated by the involved functional specialties.  These analyses require sufficient input to identify compensating features included in the design (e.g., extra safety margins, redundancy, and BIT), control methods (e.g., overstress testing, process controls, and special checkout procedures), or other actions to minimize the occurrence of critical failures.  The environmental sensitivities of expected technologies should be identified for the purpose of initiating materials characterization testing.  Fault/failure analysis tools should verify that necessary and sufficient compensating provision requirements are in place.  Early and iterative application of fault/failure analysis tools, based on ground-rules that are commensurate with the maturity of the system definition and reliability attributes, is an effective way of preventing the occurrence of functional defects.  The supplier should ensure that all involved functional specialties, such as Design, Purchasing, Manufacturing, Inspection, and Testing are aware of the need to control system critical functions and parameters.
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The first application of fault/failure analysis tools in the Concept Exploration Phase is in early iterations of the System Requirements Model.  The objective during this early stage of system definition is to verify the top-level functional requirements and identify the lower level functions required to achieve those requirements.  The approach for identifying potential failures of a design that is based solely on requirements is similar to the approach for analyzing a functional design.  In defining the system functionally, all inputs, outputs, and functional interfaces (both internal and external interfaces) must be clearly identified and logically sequenced.  The functional requirements must be organized so that the lower level requirements are recognized as “children” to higher level “parent” requirements.  All specified usage modes must be considered.  A time-line analysis must be conducted whenever timing is critical to the performance or sequencing of functions.

The next application of fault/failure analysis tools in the Concept Exploration Phase is for characterizing the effects of component failure modes on the estimated system reliability, down to the level of identifiable critical functions. This characterization process begins with the identification and modeling of all top-level system functions.  Next, the lower level subordinate functions are identified and modeled.  This process is repeated at progressively lower indenture levels until all the critical functions have been identified at levels consistent with the maturity of the design definition.  After the system functions have been identified, the probability of failure of each function is estimated and their failure effects are postulated to identify candidate causal defects for elimination or control.  The degree of corrective action that is appropriate for a particular defect is related to its risk, which is based on its probability of occurrence and the severity of its effects.  FMECA is useful for determining the relative risk of defects before and after corrective actions are taken.

1.1.4.8 EXIT CRITERION- RELIABILITY PREDICTIONS

CUSTOMER BASED




RELIABILITY

The supplier must estimate quantitative reliability expectations 
ESTIMATES

based on comparisons to the performance of similar systems or equipment.  The reliability parameters of interest for Concept Exploration are primarily service life, failure rate, and mission success probability.  Similar systems performance data that are provided by entry criterion 1.4.3 (Experience Database) should include field/flight failure data for which the operating environments are known.  Entry criteria 1.4.1 and 1.4.4 should provide data for evaluating the differences in operating 
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environments and uses of similar systems.  Combining these data with data for new technology characteristics derived from the risk reduction and defect prevention activities described in exit criteria 1.4.5 and 2.4.7 allows the assessment of product reliability based on solid engineering analyses.

1.1.5 TRADE-OFF ANALYSES AND TECHNOLOGY



BALANCE THE

SELECTION



 
DESIGN

Trade-Off Analyses are a formal method for making cost-effective decisions during Concept Exploration.  Figure 1-6 defines the criteria required for achieving high-reliability for this objective.  The supplier must identify the trade study candidates, the measures of merit to be compared for alternative technologies or system concepts, and a weight factor for each measure of merit that is traceable to customer priorities.  Trade study candidates are developed during the Interpretation of Customer Needs (Phase Objective 1.2).  One or more of the reliability attributes and measures of merit representing manufacturing technologies must be considered for all trade studies.  The supplier must have a well-defined Trade-Off process that is linked to Functional Requirements Review (Phase Objective 1.7).
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Figure 1-6. Trade-Off Analyses and Technology Selection.
1.1.5.1 ENTRY CRITERION - UPDATED CONCEPT EXPLORATION TECHNICAL OBJECTIVES FLOWDOWN

Exit criterion 1.3.7 serves as an entry criterion here.  The input data is in the form of technical attributes and parameters and their baseline quantitative objectives.
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1.1.5.2 ENTRY CRITERION- TRADE STUDY CANDIDATES

Exit criterion 1.2.5 serves as an entry criterion here.  The list of candidates may change during the course of the program and should be responsive to changes in customer needs or priorities

1.1.5.3 ENTRY CRITERION- TECHNOLOGY/CONCEPTS ALTERNATIVES DATA

To conduct valid trade-off studies of alternative technologies or system concepts, the supplier must obtain accurate data regarding the relationships among technical attributes and parameters (e.g., performance versus reliability).  The proper analytical or empirical methods must be selected to validate the postulated relationships among technical attributes and parameters.  Weighting factors assigned to the measures of merit used to compare alternatives should be traceable to entry criterion 1.4.1 (Updated CE Technical Objectives Flowdown).  Data defining alternative designs approaches should approximate the depth and quality described for entry criterion 1.4.2 (Technology/Concept Data).  

1.1.5.4 EXIT CRITERION - TRADE STUDY RESULTS

This exit criterion provides a complete record of the trade study results.  This includes the selected technology or system concept, quantitative values of technical objectives, the trade-study alternatives, methods, and selection criteria.  These results should include descriptions of how the selected design clearly satisfies customer needs and priorities.

1.1.6 FUNCTIONAL REQUIREMENTS AND CONFIGURATION RECOMMENDATIONS

The supplier should prepare a summary report of Concept Exploration phase activities that describes the preferred system concept and its functions, quantified objectives for the system's reliability attributes, emerging technologies proposed for incorporation in the system, and risk reduction plans for the riskiest of these technologies.  Figure 1-7 defines the criteria required for achieving high-reliability for this objective.
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Figure 1-7. Functional Requirements And Configuration Recommendations.
1.1.6.1 ENTRY CRITERION - UPDATED CONCEPT EXPLORATION TECHNICAL OBJECTIVES FLOWDOWN

Exit criterion 1.3.7 serves as entry criterion here.  This criterion defines the initial quantified technical objectives for the baseline design.

1.1.6.2 ENTRY CRITERION – PIDS Risk Assessment
Exit criterion 1.4.5 serves as an entry criterion here.

1.1.6.3 ENTRY CRITERION – TECHNOLOGY DEFINITION

Exit criterion 1.4.6 serves as an entry criterion here.  This criterion defines the selected technology.

1.1.6.4 ENTRY CRITERION- TRADE STUDY RESULTS

Exit criterion 1.5.4 serves as an entry criterion here.
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1.1.6.5 EXIT CRITERION - DEMVAL TECHNICAL 


      CUSTOMER BASED

OBJECTIVES







      RELIABILITY



      ESTIMATES

The quantified reliability attributes defined by exit criterion 1.6.5 include the reliability estimates for the DEMVAL design.  As noted in Paragraph 1.1.4.5, these projected values for the reliability attributes (e.g., probability of failure, use life, durability, defect rate, and BIT performance) must be based on a causal analysis of customer experience data on similar equipment with accompanying engineering rationale for the expected performance of the proposed system.  The general process is illustrated by Figure 1-8.
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Based on the noted entry criteria, the supplier must synthesize a revised set of quantitative reliability goals for the preferred system concept design.  This exit criterion should specify how these goals satisfy customer needs and identify relevant analyses, trade study reports, and customer reviews that justify the decisions.  The quantification of performance based on comparisons to similar equipment is the preferred approach during the Concept Exploration Phase.  It has the following benefits:
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•
Emphasis on credible solutions to all reliability problems

•
Focus on customer use and environments

•
Encourages customer involvement

•
Consistent with the level of detail available in early development

•
Focuses attention on areas lacking a credible explanation regarding the satisfaction of customer needs

1.1.6.6 EXIT CRITERION – DEMVAL RISK REDUCTION PLAN

This Risk Reduction Plan describes all moderate-to-high technical risk issues and the recommended analyses and tests required for achieving lower risk in the subsequent phase.  This plan also defines the measures of merit that will be tracked, the current levels of these measures, and the threshold values that constitute lower risk.  This plan includes identified fallback technologies and quantifies the impact of implementing the fallback position.  All technologies requiring dedicated risk reduction planning must include one or more measures of merit dealing with product reliability attributes.  The Risk Reduction Plan may address specific problems encountered as a result of shortcomings found during Functional Requirements and Design Reviews (Phase Objective 1.7). 

If, by the end of the Concept Exploration Phase, less than sixty percent (60%) of the difference between expected performance and customer needs is supported by credible engineering rationale, corrective action should be required as part of risk reduction plans.
1.1.7 FUNCTIONAL REQUIREMENTS AND DESIGN REVIEWS

This Phase Objective should maintain the focus of all involved functional specialties on the objectives for high-reliability assurance, and ensure that the "voice of the customer" is defined and heeded.  The exit criteria for Phase Objectives 1.2 through 1.6 should serve to define the review exit criteria.  Figure 1-9 defines the criteria required for achieving high-reliability for this objective.  The supplier should have a documented design review procedure that ensures consistency and thoroughness.  

1-21

CHAPTER 1

CONCEPT EXPLORATION PHASE
The scheduling of Functional Requirements and Design Reviews should take place during Phase Objective 1.3 (Reliability Assurance Planning).  If the concept exploration design is risky, the entry criteria for Phase Objectives 1.2 through 1.6 should serve to define the review entry criteria.
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Figure 1-9.  Functional Requirements Reviews.
1.1.7.1 ENTRY CRITERION ACTIVITIES – PHASE OBJECTIVES EXIT CRITERIA

The exit criteria for Phase Objectives 1.2 through 1.6 should be subjected to an objective review process.  This process should include both supplier internal and external reviews.

1.1.7.2 ENTRY CRITERION- FUNCTIONAL REQUIREMENTS REVIEW PROCEDURES

The supplier should have an established and documented procedure for conducting internal review of functional requirements and the conceptual design.  The procedure covers review frequency, entry and exit criteria, definition of participants, agenda requirements, and closure plans for action items.  Reviews should always have an agenda which defines the customer needs to be reviewed and specific review entry and exit criteria.  With customer concurrence, these review procedures will serve as the basis for customer reviews.  Every review must include a definition of applicable customer needs and a demonstration of satisfaction of those needs.

1.1.7.3 EXIT CRITERION – FUNCTIONAL REQUIREMENTS REVIEW RESULTS

All functional requirements and conceptual design reviews must have results documented, including all open action items, individuals responsible for action item closure, criteria for action item closure, action item closure due dates, and final disposition of closed action items.
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1.2 CONTROL AND AUDIT METRICS

The desired quality level of the product reliability estimates, which include the desired quality levels of the FMECA and critical item dispositions, drives the control metrics for the high-reliability assurance effort in the Concept Exploration Phase.  Control is exercised by continuously comparing the desired quality level to the demonstrated quality level, which is based on planned, in-progress, and completed activities.   The qualities of the high-reliability assurance activities may be supplemented by demonstrated reliability data for similar equipment/systems used at or above customer requirements.  Guidance for tracking and quantifying the achievement of customer requirements is described in Paragraphs 1.1.4.5 and 1.1.4.7.  Effective application of control metrics requires the consideration of all product function defects and performance anomalies, including design and self-diagnostics errors.
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2. INTRODUCTION
                KEY OBJECTIVES


 
     AND CRITERIA

This chapter defines the key objectives related to the development
 
of high-reliability designs that should take place during the Demonstration and Validation (DEMVAL) Phase.  The objective in this phase is to identify and analyze major system alternatives, to examine subsystem design reliability risk, and to determine whether or not to proceed into the EMD phase.  Figure 2-1 defines the key eight Phase Objectives that are related to high-reliability assurance for DEMVAL:

(
 ISO 9001 Quality Evaluation

(
 Update Interpretation of Customer Needs

(
 Tailored Reliability Assurance Planning

(
 Reliability Analyses and Risk Reduction

(
 Trade-Off Analyses and System Selection

(
 Development and Validation Testing

(
 EMD Specification Development

(
 System Requirements and Preliminary Design Reviews

Phase Objective 2.1, ISO 9001 Quality Reevaluation, is intended to be a contract-independent, organization-wide objective.  Phase Objectives 2.2 through 2.8 are completed during DEMVAL. 



Figure 2-1. DEMVAL High-Reliability Assurance Objectives.
2.1 SUMMARY OF KEY PHASE OBJECTIVES


PURPOSE

As in the Concept Exploration Phase, the results of DEMVAL activities must be developed iteratively and continuously compared to customer needs.  Detail descriptions of the key 
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Phase Objectives and their entry and exit criteria are provided in Paragraphs 2.1.1 through 2.1.8.  Most of these objectives and criteria are common to those defined for the prior phase.  Therefore, several references are made to the corresponding paragraphs in Chapter 1, with any information that is unique to this phase provided in the paragraphs of this chapter.

Most of the significant differences between the Phase Objectives in this and the previous phase are primarily based on the level of detail of the system design definition.  Technology issues that have been identified as offering substantial benefits and which have also been rated as moderate to high risk are subject to analysis and test to reduce their risk prior to entering the EMD phase.  Fallback positions must be identified and developed for each technology risk issue for implementation in the event that risk reduction actions cannot be satisfactorily developed.

During this phase, the performance requirements for the preferred baseline system concept are refined through analyses, trade studies and risk reduction actions.  Also, firm performance and verification requirements are established for inclusion in the EMD technical specifications.  Validation of reliability attributes (probability of failure, use life, durability, defect rates and BIT performance) must be part of each technology risk reduction effort.  Achievement of high-reliability may, in itself, be considered a risk and subject to a specific risk reduction plan during this phase.  Additionally, quantitative reliability performance and verification requirements, supported by engineering rationale and actions, must be developed for inclusion in the EMD performance specifications.

The ISO 9001 Quality Reevaluation establishes a quality system

ESTABLISH

baseline for high-reliability assurance.  This evaluation is


CABABILITY

conducted by a third-party prior to DEMVAL to verify organization-wide compliance with the international standard for quality systems.  If the supplier’s quality system was previously evaluate less than two years before start of DEMVAL, then a reevaluation is not necessary.

Accurate interpretation of customer needs is one of the most

  FULLY UNDERSTAND
critical activities of this phase, as it was during the prior phase
  CUSTOMER NEEDS
and the proceeding phases.  DEMVAL is lengthy and some customer needs and priorities may change substantially during its implementation.  Customer needs, which were translated into system level design requirements during Concept Exploration should be flowed down to at least the subsystem level during DEMVAL.
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DEMVAL reliability assurance planning is essentially the same as
      
PLAN THE 

that defined for Concept Exploration.  However, updating the


OBJECTIVES
DEMVAL Risk Reduction Plan is an exit criterion that is unique to DEMVAL.

Substantial breadth and depth must be exercised in Reliability
     DEFINE CRITICAL
Analyses and Risk Reduction.  Environment and Use data are
     PARAMETERS
more accurately defined than in the prior phase.  This date is used to develop mission profiles that define the system lifetime stresses.  Knowing these stresses is necessary to assess quantitative reliability attributes and define required electrical properties and material characterizations.  Technology risk reduction testing and analyses are used to substantiate the reliability expectations of proposed new technologies.  For DEMVAL, the identification of critical functions and parameters is expanded to lower levels of detail than for Concept Exploration, and the results are used for variability control analyses.  Manufacturing technology and process options are identified and assessed.  Critical process parameters are identified and the initial steps for determining overall manufacturing process capability are taken.

Tradeoff Analyses continue to be the primary vehicle for defining a 

BALANCE THE
balanced design.  Trade study data must be at a much lower


DESIGN

level of detail than that obtained for Concept Exploration trade studies.  The studies for this phase must be focused on identifying a specific system configuration with specific performance attributes.

The ultimate output of the Demonstration and Validation Phase is 

DEFINE THE

a set of technical specifications and related documentation for

PERFORMANCE

EMD.  These will define both performance and verification


REQUIREMENTS 

requirements for both the system and, in general, the critical assemblies, components, etc.  Other types of program documentation that may be generated includes statements of work, supplier requirements, supplier selection criteria, and EMD risk reduction plans.

System Requirements and Preliminary Design Reviews provide
       BRING VISIBILITY
A method to prescheduled snap-shots of the progress made in
       TO RELIABILITY
the high-reliability assurance effort.  These reviews include the
       ASSURANCE
assessment of task results for customers both internal and external to the supplier’s organization.  Face-to-face meetings are typically the method used by suppliers for verifying to customers that the product reliability requirements are met.  However, the use of teleconferencing is expanding as a cost-effective alternative to face-to-face meetings.
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2.1.1 ISO 9001 QUALITY REEVALUATION

    EVALUATE 




    THE WHOLE 

This contract-independent, organization-wide objective is

    ORGANIZATION

basically the same as that defined in Paragraph 1.1.1 for the Concept Exploration Phase except the emphasis here is on reconfirming the compliance of the DEMVAL quality system baseline to international standard levels.  Figure 2-2 defines the criteria required for achieving high-reliability for this objective.  In preparation for ISO 9001 reevaluation, the supplier must conduct an internal review of organization-wide practices.  Each major functional specialty (e.g., Manufacturing, Engineering, etc.) within an organization must assess their activities in light of the criteria contained in the ISO 9001 Quality Systems Model Standard. 
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Figure 2-2. ISO 9001 Quality Reevaluation.
2.1.1.1 ENTRY CRITERION- ORGANIZATION-WIDE PRACTICES

The description of this entry criterion is the same as that provided in Paragraph 1.1.1.1.   In addition, the supplier must periodically request and review the results of third-party quality system evaluations of vendors as part of vendor monitoring and control.

2.1.1.2 ENTRY CRITERION- EVALUATION CRITERIA

The description of this entry criterion is the same as that provided in Paragraph 1.1.1.2.
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2.2.1.3 EXIT CRITERION- QUALITY SYSTEM EVALUATION

RESULTS

The supplier must pass a third-party quality system evaluation every two years as a condition for retaining ISO 9001 Registration.  The results of these evaluations are useful to both the customer and the supplier.  The customer should be provided the results for use it in source selections.  If the results of a previous quality system evaluation are available, the customer should expect to see improvement relative to the score of the previous report.  Both the absolute score and degree of improvement should be considered in the application of results to source selection.  The supplier should similarly review his evaluation results to identify weaknesses that require corrective actions.  Once ISO 9001 Registration has been earned it can be universally applicable to multiple contracts.

2.1.2 UPDATE INTERPRETATION OF CUSTOMER NEEDS

FLOWDOWN





CUSTOMER 

This must be the first Phase Objective achieved for DEMVAL.

NEEDS
Customer needs documented in contract technical material must be supplemented and validated via direct contact.  The supplier must initiate early and frequent customer contact.  Figure 2-3 defines the criteria required for achieving high-reliability for this objective.

The translation of customer needs into system level technical requirements should have taken place during the Concept Exploration Phase.  If not, it must be accomplished during this phase.  Additionally, the flow-down of system level requirements to at least the subsystem level must take place during DEMVAL.  This requirement flow-down process should continue to the level of indenture that allows reliability risk assessments and trade studies to be effectively conducted.
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Figure 2-3. Update Interpretation of Customer Needs.
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2.1.2.1 ENTRY CRITERION- CUSTOMER NEEDS AND

OBJECTIVES

The description of this entry criterion is the same as that provided in Paragraph 1.1.2.1.

2.1.2.2 ENTRY CRITERION- DEMVAL TECHNICAL OBJECTIVES

The description of this entry criterion is the same as that provided in Paragraph 1.1.6.5.

2.1.2.3 EXIT CRITERION- UPDATED DEMVAL TECHNICAL 

IDENTIFY ALL OBJECTIVES 


RELIABILITY





ATTRIBUTES
The process of identifying comparable existing equipment and establishing similarities/dissimilarities must involve several of the functional specialties to conduct the necessary reliability assessments.  The following issues should be clearly identified for both the proposed and existing equipment:

•
Technology Employed

•
Complexity

•
Packaging Techniques

•
Design Margins

•
Environments and Uses

Early in DEMVAL the quantified reliability attributes and parameters should be treated as objectives rather than requirements.  As a subset of this activity, the supplier should identify, list, and update all related research that supports the system development.  This list includes any research not otherwise a part of risk reduction plans in order to avoid duplication and maximize resources.  As DEMVAL proceeds, additional research applicable to defining the system should be identified for inclusion in future plans.

2.1.2.4 EXIT CRITERION- TRADE STUDY CANDIDATES

The description of this entry criterion is the same as that provided in Paragraph 1.1.2.4.
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2.1.3 TAILORED RELIABILITY ASSURANCE PLANNING

This Phase Objective is the same as that described for the Concept Exploration Phase (Paragraph 1.1.3), with the additional requirement to update the DEMVAL Risk Reduction Plan that was developed in the Concept Exploration Phase.  DEMVAL high-reliability assurance planning is also more detailed than that done for Concept Exploration as a result of the greater depth of technical detail and the longer program duration.  Figure 2-4 defines the criteria required for achieving high-reliability for this objective.
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Figure 2-4. Tailored Reliability Assurance Planning.
2.1.3.1 ENTRY CRITERION- FUNDING PROFILE

The description of this entry criterion is the same as that provided in Paragraph 1.1.3.1.

2.1.3.2 ENTRY CRITERION- CONTRACT REQUIREMENTS

The description of this entry criterion is the same as that provided in Paragraph 1.1.3.2.
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2.1.3.3 ENTRY CRITERION- DEMVAL RISK REDUCTION PLAN

Exit criterion 1.1.6.6, DEMVAL Risk Reduction Plan, also serves as entry criterion.  Thorough evaluation of the DEMVAL Risk Reduction Plan is essential to the success of high-reliability assurance effort.  The plan should have been prepared as part of the Concept Exploration Phase.

2.1.3.4 ENTRY CRITERION- UPDATED DEMVAL TECHNICAL OBJECTIVES

The description of this entry criterion is the same as that provided in Paragraph 2.1.2.3. 

2.1.3.5 ENTRY CRITERION- TRADE STUDY CANDIDATES

Exit criterion 2.2.4 serves as entry criterion.  Additional trade study candidates may have been developed as a result of risk assessments, special customer requests, or supplier experience.  The candidate list must define the specific measures of merit being used to evaluate trade study alternatives.  Any weighting factors applied to the trade study measures of merit must be shown in the candidate list and must be traceable to customer priorities.  Reliability attributes and/or parameters must be considered for all trade studies as measures of merit.

2.1.3.6 EXIT CRITERION- TAILORED RELIABILITY


PLAN FOR RISK

ASSURANCE PLAN


REDUCTION

The supplier must prepare a plan for accomplishing all of DEMVAL objectives for high-reliability assurance, including all the associated entry and exit criteria.  Reliability assurance planning must include definition of the reliability objectives for all involved functional specialties, e.g. Reliability Engineering, Design Engineering, Diagnostics Design, Manufacturing, Structural Engineering, Thermodynamics, Logistics, etc.

2.1.3.7 EXIT CRITERION- UPDATED DEMVAL RISK

REDUCTION PLAN

The baseline DEMVAL Risk Reduction Plan must be reviewed and modified based on changes in customer needs, risk assessment results (identification of technology risk levels), proposed technologies, and resource constraints.  Specific attention must be paid to including new manufacturing technologies as risk reduction candidates.  The basic attributes of the DEMVAL Risk Reduction Plan remain as described in Paragraph 1.1.6.6.
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A principle element of the Updated Risk Reduction Plan is a description of the summary test plan with requirements for Failure Reporting Analyses and Corrective Action System (FRACAS).  All testing conducted during DEMVAL must be considered risk reduction testing.  The test plan summary must describe how test results can be used to validate the reliability attributes of the risky technology, define environmental stress properties/sensitivities, and identify variability associated with the critical parameters of the tested items.  The FRACAS plan must describe test objectives, failure criteria, the responsibility for root causal analyses and correction, and the process for ensuring that the lessons learned are translated into design rules, application guides, or derating criteria.

2.1.3.8 EXIT CRITERION- UPDATED DEMVAL TECHNICAL OBJECTIVES FLOWDOWN

The updated technical objectives for reliability attributes must be flowed down to subsystems and lower levels of indenture that are commensurate with the level of design analyses and trade studies.  This flow-down process must maintain traceability to customer needs and, more importantly, the customer’s priorities for these needs.  Focus must be retained on defining the integrated set of reliability requirements, which include service life, durability, defect rates, and BIT performance requirements e.g., False Alarm rate, Fault Detection Probability, Could Not Duplicate (CND) rate, etc.  Also, reliability allocations must be established for any subcontracted reliability critical items.

2.1.3.9 EXIT CRITERION- SUPPLIER SELECTION AND CONTROL PLAN

The description of this exit criterion is the same as that provided in Paragraph 1.1.3.9 with the following additions:

1)
The reliability and quality criteria used for supplier selection should be identified.

2)
Criteria for defining screening testing that would be applied to delivered supplier equipment.

2.1.3.10 EXIT CRITERION- BENCHMARKING AND

CONTINUOUS

TRAINING PLAN

IMPROVEMENT

The description of this exit criterion is the same as that provided in Paragraph 1.1.3.8.  Some potential candidates for benchmarking are:
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
Design for Manufacturing


Design for Testability


Trade Study Processes


Risk Analyses


Design for Reliability


Design Automation

Effective use of benchmarking to improve design and manufacturing processes requires early implementation in DEMVAL.

2.1.3.11 EXIT CRITERION- CAE TOOL DEVELOPMENT

The description of this exit criterion is the same as that provided in Paragraph 1.1.3.6.

2.1.4 RELIABILITY ANALYSIS AND RISK REDUCTION

This is the central objective of the DEMVAL high-reliability assurance effort.  This objective is continually iterated throughout the phase as detail information is developed through analysis, test, and trade-off analyses.  Figure 2-5 defines the criteria required for achieving high-reliability for this objective.  There are two basic elements of this Phase Objective:
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1)
Development of design and manufacturing criteria and application rules that will prevent defects in both the new and existing technologies proposed for systems use.

2)
Estimation of quantitative reliability parameters, based on the above, for inclusion in EMD technical specifications.

The key implementation issue for a supplier is the integration and coordination of the efforts of multiple functional specialties that affect defect prevention and elimination.  The descriptions of entry and exit criteria for this Phase Objective could be used to establish checklists directed at achieving the required coordination.

2.1.4.1 ENTRY CRITERION- UPDATED DEMVAL TECHNICAL OBJECTIVES FLOWDOWN

Exit criterion 2.3.8 serves as entry criterion.  This activity provides the baseline set of quantitative reliability expectations.

2.1.4.2 ENTRY CRITERION- SYSTEM DESIGN DATA

COMPLETE DESIGN




DATA
A complete engineering description of the proposed system design must be developed for DEMVAL.  This description must include the following:


Functional analysis results, functional block diagrams, and schematics of both the electrical and mechanical design (e.g. packaging, cooling) of the system/equipment.  The functional analyses should show time phased functions for all operational use including routine checkout and maintenance.


Description of new technology (parts, materials, assemblies) including known/suspected environmental sensitivity, critical parameters with expected variability, status of development testing, reference to risk reduction plans, and packaging concepts.


Description of existing technology being applied to the system.


Description of comparable current technology and system/equipment that can be used as a basis for quantitative reliability estimates applicable to the new system.  The data is to include a definition of operating and maintenance environments and functional operation.

2-11

CHAPTER 2

DEMONSTRATION AND VALIDATION PHASE
2.1.4.3 ENTRY CRITERION- EXPERIENCE DATABASE

The supplier must apply all required engineering data that can not be obtained from activities conducted in the Demonstration and Validation Phase.  Examples of the kinds of data that are found in an experience database are:


Existing derating criteria, application guidelines, design rules, lessons learned (supplier and customer), design for manufacturing rules, customer use reliability data for the systems or equipment identified in exit criterion 2.2.3, and manufacturing defect data for current manufacturing processes.


Data from related research for the proposed new technologies and recommended application/de-rating guides.

This experience database provides the basis for significant supplier/customer interaction during the assessment of user experience on current, comparable systems or technology.  If the supplier’s experience database is found to be inadequate for the needs of the DEMVAL high-reliability assurance effort then adequate data must be obtained from outside sources.
2.1.4.4 ENTRY CRITERION- ENVIRONMENT AND USE DATA

The supplier must define all local environmental conditions and resultant stresses/stress cycles.  The data must be traceable to the customer-provided Mission Descriptions (or similar documents).  Relevant information includes mission locations and operating mission profiles.  Internally generated stresses should be derived from the functional analyses of entry criterion 2.4.1.  Stresses generated as a result of maintenance, storage, handling, transportation and manufacture must also be derived.  The data should show expected maximum stress conditions and life cycle stress profiles, showing amplitude and frequency, based on the distribution of basing locations and types/duration of missions and other operation/use.  Analyses should focus on primary fault producing stresses such as vibration, loads, shock, temperature and temperature cycling, humidity, and handling stresses.

2.1.4.5 ENTRY CRITERION- MANUFACTURING PROCESS
        EARLY

DESCRIPTION

        MANUFACTURING




        EVALUATION
The supplier must develop initial step by step descriptions of the

projected manufacturing processes.  These should focus on new processes required for new parts/materials/packaging technologies and any new manufacturing technology intended as 
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an improvement to existing manufacturing processes.  These descriptions should also identify any known constraints placed on system electrical or mechanical design or unique stresses imposed on the system elements.  The input data should include the definition of capability indices for both existing and new manufacturing processes and identify any risk reduction analysis or tests.

2.1.4.6 ENTRY CRITERION- DEMVAL TEST RESULTS AND DESIGN CHANGES

This entry criterion is the exit criterion described in Paragraph 2.1.6.3.  For this activity, the supplier must ensure that the results of risk reduction tests and analyses are used for the development of design and manufacturing guides necessary to prevent defects in new or risky technology.  Tests may include materials and parts properties characterization defining responses to stress and stress cycling, the identification of parts and materials critical parameter variability and likely control factors.  Analysis results may include failure rate, testability attributes, and fatigue analyses.

2.1.4.7 EXIT CRITERION- PIDS RISK ASSESSMENT

The description of this exit criterion is the same as that provided in Paragraph 1.1.4.5.

2.1.4.8 EXIT CRITERION- DESIGN AND Manufacturing CRITERIA 

The supplier must define the design and manufacturing criteria required for preventing product defects.  These criteria form the basis for the development of design and manufacturing guidelines and specifications.  They also provide engineering justification for the quantitative estimates of exit criterion 2.4.10 (Reliability and Maintainability Predictions).  Therefore, they must explicitly apply to new technologies.  The issues that should be addressed by these design criteria include:


Fatigue and durability design requirements


Environmental stress protection


Electrical, mechanical, and thermal design rules


Parts and materials application guidelines


BIT and diagnostics design guidelines


Lessons Learned


Parts and materials selection criteria


Design for manufacturing rules
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Product specific design criteria are developed from existing criteria, risk reduction analyses/tests, and other DEMVAL stress and fatigue analyses.
2.1.4.9 EXIT CRITERION- CRITICAL FUNCTIONS,

IDENTIFY CRITICAL

PARAMETERS, AND PROCESSES

ITEMS

This exit criterion represents the initial steps of a worst case/variability control program.  During DEMVAL all critical functions should be identified by a combination of Failure Modes Effects Criticality Analysis (or similar analyses), engineering judgement, or experience.  The postulated criticality of system-level functions should be coordinated with the customer, then flowed down through the system to identify critical subsystems and assemblies.  The design of the BIT and diagnostic systems should be driven, or at least prioritized, by this criticality analysis, as should the design of fault tolerance features.  Additional critical parameters should be identified for new technologies by the use of risk reduction tests and analyses, and should include critical mechanical functions such as thermal control.  Once critical parameters have been identified, the results should be compared to the results for entry criterion 2.4.5 (Manufacturing Process Description) to define critical manufacturing processes that are potential candidates for both variability reduction techniques and statistical process control.  The criticality of manufacturing process steps, such as soldering operations, should be determined based on experience and judgement regarding their overall impact on product reliability.

Once the critical parameters have been identified their variability should be established through tests or analyses.  CAE tools and/or circuit simulation tools are useful for evaluating the impact of product variances on performance specification limits.  These simulation tools have significant benefits in the design of properly operating BIT and diagnostic functions.

2.1.4.10 EXIT CRITERION- RELIABILITY AND

CUSTOMER BASED

MAINTAINABILITY PREDICTIONS

R&M ESTIMATES

The supplier must estimate quantitative reliability and maintainability expectations based on comparisons to the user-experience performance of similar systems or equipment.  The reliability and maintainability parameters that are of interest for DEMVAL are typically service life, defect rate (e.g. Mean-Time-Between-Maintenance, to include all defects such as fatigue, wearout, catastrophic failure, degraded performance, alleged overstress and faulty BIT performance), mission success probability, and BIT performance.  The supplier must develop a thorough understanding of the critical fault conditions of the 
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design prior to making reliability predictions.  The typical method for gaining this understanding is by causal analysis (e.g., FMECA, Fault Tree Analyses) should be conducted on the product design or that of similar systems postulating the modes of performance. 

Entry criterion 2.4.3 (Experience Database) should provide data on the similar systems performance and that data should include manufacturing defect trends from which conclusions regarding the impact on field performance may be drawn.  

Entry criteria 2.4.1 and 2.4.4 should provide data for evaluating the differences in operating environments and uses of similar systems.  Combining these data with data for the desired product characteristics derived from the risk reduction and defect prevention activities described in exit criteria 2.4.8 and 2.4.9 allows the assessment of product reliability based on solid engineering analyses.

Initial life estimates for known fatigue or wearout mechanisms, particularly lead or solder joint failure, should be made using maximum derived stress cycling applied at worst case locations.  Analyses of the proper performance of BIT systems should be done using circuit simulation analyses.

2.1.5 TRADE-OFF ANALYSES AND SYSTEM DESIGN SELECTION

The description of this Phase Objective is the same as that provided in Paragraph 1.1.5 except the focus is on selecting a system design.  Figure 2-6 defines the criteria required for achieving high-reliability for this objective.  The key elements of this objective are: (1) the existence of a well-defined trade off procedure, (2) the traceability of weighting factors for measures of merit to customer priorities identified in Paragraph 2.1.2, and (3) the inclusion of reliability and manufacturing parameters in all trade studies.
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 Figure 2-6. Trade-Off Analyses and System Design Selection.
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2.1.5.1 ENTRY CRITERION- TRADE STUDY CANDIDATES

Exit criterion 2.2.4 serves as an entry criterion here.  The input data is in the form of a summary description of each of the trade studies to be conducted during DEMVAL.  This summary includes the trade study issue, definition of alternatives, parameters to be considered in reaching a conclusion, and the organizations or individuals responsible for conducting the study.

2.1.5.2 ENTRY CRITERION- UPDATED DEMVAL TECHNICAL OBJECTIVES FLOWDOWN

Exit criterion 2.3.8 serves as an entry criterion here.   The input data is in the form of baseline quantitative reliability objections that satisfy customer needs.

2.1.5.3 ENTRY CRITERION- DESIGN ALTERNATIVES

To conduct valid trade-off studies for DEMVAL, the supplier must develop or obtain accurate data regarding the relationships among technical attributes and parameters (e.g., weight versus reliability, safety versus reliability, etc.).  The proper analytical or empirical methods must be selected to validate the postulated relationships among technical attributes and parameters.  Weighting factors assigned to the measures of merit used to compare alternatives should be traceable to entry criterion 2.4.1 (Updated DEMVAL Technical Objectives Flowdown).  The data defining alternative design approaches should approximate the depth and quality described for entry criterion 2.4.2 (System Design Data).  Specific reliability and manufacturing measures of merit must be used for all trade studies.

2.1.5.4 EXIT CRITERION - TRADE STUDY RESULTS

The description of this exit criterion is the same as that contained in Paragraph 1.1.5.4.  The supplier trade study procedure should identify the specific mechanisms for ensuring that changes resulting from trade studies are formally implemented and information regarding these changes is disseminated throughout the program.

2.1.6 DEVELOPMENT AND VALIDATION TESTING

This Phase Objective includes the complete spectrum of tests required to develop and verify product performance requirements.  All testing should be expected to yield data required for defect prevention or elimination.  Figure 2-7 defines the criteria required for achieving high-reliability for this objective.
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Figure 2-7. Development and Validation Testing.

3.1.6.1 ENTRY CRITERION- DEMVAL TEST PLAN

COMPREHENSIVE




TEST PLANNING

Exit criterion 2.3.10 serves as an entry criterion here.  This criterion defines all tests, test conditions, test objectives, and Failure Reporting Analyses and Corrective Action System (FRACAS) requirements.  Testing should include performance under expected environmental extremes, life testing for fatigue and wearout mechanisms using representative models of the operational equipment, long term mission environment tests to validate requirements, such as Mean-Time-Between-Maintenance (MTBM), and all parts, materials, and subassembly development tests.  A comprehensive FRACAS that results in design and manufacturing process changes is an essential element of the test plan.

3.1.6.2 ENTRY CRITERION- ENVIRONMENT AND USE

DATA

Entry criterion 2.4.4 also serves as an entry criterion here.  All testing, especially life and long term performance testing, should be conducted under conditions derived from, and traceable to, customer use.

3.1.6.3 EXIT CRITERION- DEMVAL TEST RESULTS AND

DESIGN CHANGES

All test results and all corrective actions resulting from these tests should be recorded and made available to all involved functional specialties.  The key features of this criterion are the procedures for ensuring that changes are incorporated in the product design or manufacturing processes, and the procedures for verifying the effectiveness of the changes.
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This exit criterion also defines the stress screening that will be applied to production equipment.  This includes both subassembly and system level screening.  The stress levels and duration of these tests should be based on the results of development test and long term performance tests.  A sufficient body of knowledge exists in the public-domain literature adequately define these tests.

2.1.7 EMD SPECIFICATION DEVELOPMENT

DEFINE THE



REQUIREMENTS

Creation of EMD technical specifications is one of the primary objectives of DEMVAL.  Figure 2-8 defines the criteria required for achieving high-reliability for this objective.  These criteria should include the definitions for the following requirements:


Quantitative reliability requirements (life,
success probabilities, fault rate, and BIT performance)


Design criteria and parts selection, standardization requirements


Variability requirements


Test and verification requirements

All of the above requirements, with the exception of Test and Verification, should be developed using previously generated System Engineering data.  This data also can be used to develop program documents, such as, Statements of Work (SOWs) and Data Item Descriptions (DIDs), Product Specifications, and supplier selection criteria for all subcontracted major items.  These documents implement the flowdown of the product requirements that were developed to meet the needs of the customer.
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Figure 2-8. EMD Specification Development.
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2.1.7.1 ENTRY CRITERION- UPDATED DEMVAL TECHNICAL OBJECTIVES FLOWDOWN

The description of this entry criterion is the same as that provided in Paragraph 1.1.4.1

2.1.7.2 ENTRY CRITERION - RELIABILITY PREDICTIONS

Exit criterion 2.1.4.9 serves as entry criterion.  These reliability estimates must be compared to the baseline objectives used to define the reliability requirements in the EMD specification.  The baseline values should be changed, subject to customer approval, when it is demonstrated that a properly balanced and adequately reliable design results in a reduction of certain quantitative reliability objectives.  The comparison of baseline values to estimates is otherwise used to establish the level of risk associated with meeting customer needs and provide a basis for the EMD Risk Reduction Plan.

2.1.7.3 ENTRY CRITERION- ENVIRONMENT AND USE DATA

Entry criterion 2.1.4.4 also serves as an entry criterion here.  Environment and use data serve to establish design-to requirements and the conditions under which EMD verification testing should take place.

2.1.7.4 ENTRY CRITERION- DESIGN CRITERIA DEFINITION

Exit criterion 2.1.4.6 serves as an entry criterion here.  Parts selection, parts stress derating criteria, and design margin definitions in the EMD specifications are all determined using this activity’s data.  This entry criterion also is a source for developing task requirements for statements of work.

2.1.7.5 EXIT CRITERION - EMD TECHNICAL 


      
     CUSTOMER BASED

OBJECTIVES







      RELIABILITY



      ESTIMATES

The quantified reliability attributes defined by this exit criterion include the reliability estimates for the EMD design.  As noted in Paragraphs 1.1.4.5 and 2.1.4.7, these projected values for the reliability attributes (e.g., probability of failure, use life, durability, defect rate, and BIT performance) must be based on a causal analysis of customer experience data on similar equipment.  Also, there should be accompanying engineering rationale for the expected performance of the proposed system.
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2.1.7.6 EXIT CRITERION- EMD RISK REDUCTION PLAN


CONTINUOUS





RISK

An EMD Risk Reduction Plan is necessary to identify any DEMVAL
     
REDUCTION

risks that have not been satisfactorily reduced to a low level before beginning the EMD Phase, or as determined by the Control and Audit methods described in Paragraph 2.2.  This plan should include the criteria for identifying all reliability critical items, the risks associated with these items and the criteria for their closure in EMD, the measures of merit to be tracked to verify risk closure, the analyses and tests required, and the recommended fallback positions.  Entry criteria 2.6.2 (Reliability and Maintainability Predictions) and 2.6.4 (Design Criteria Definition) are the primary sources for identifying risk reduction candidates.

2.1.7.7 EXIT CRITERION- EMD SPECIFICATIONS

This exit criterion represents the entire range of technical requirements, e.g., product specifications, customer specifications and statements of work, vendor specifications and statements of work, and vendor selection criteria.  A comparison of baseline quantitative objectives with estimates derived from DEMVAL analyses and trade-off studies provides the data required for defining the quantitative reliability values in EMD specifications.  The design criteria for design-to and test environments must be based on expected environmental and life use profiles (frequency and amplitude of stress over the life cycle of the product).  These design criteria must include quantitative design margins. 

The EMD specifications should be used for the development of EMD reliability verification and testing requirements.  EMD verification and testing includes analytical verification, development tests, verification tests, and Environmental Stress Screening (ESS), and Acceptance Test Procedures (ATP).  Public domain literature provides sufficient information to develop the appropriate procedures for all testing.  The essential element of development and verification testing is that they be conducted under conditions that are equivalent to the customer use environment.  These conditions may be accelerated using recognized environmental acceleration factors.  Testing must include the validation of life and fatigue characteristics.  These can be done with mockups or representative samples.

Development testing includes any required material characterization test that defines behavior under stress cycling, design extreme, or anomalous performance conditions, including BIT performance, critical parameter variability, and manufacturing process characterization.
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The development of statements of work (SOWs) are also supported by this activity.  The SOW should include a description of the EMD reliability requirements, or the reliability requirements for the product development phase for which the SOW is intended.  Vendor specifications and SOWs for major EMD subcontracted equipment are replications of the tasks required of the contracting supplier, tailored to the details and importance of the subcontracted equipment.

2.1.8 SYSTEM REQUIREMENTS AND PRELIMINARY DESIGN REVIEWS

The description of this Phase Objective is the same as that provided in Paragraph 1.1.7.  Figure 2-9 defines the criteria required for achieving high-reliability for this objective.  Design reviews should always be focused on the specific customer reliability needs that were identified and translated into technical objectives by Phase Objective 2.2 (Update Interpretation of Customer Needs), and the status of the design in satisfying those needs.  The Control and Audit Metrics described in Paragraph 2.2 can be used to establish checklists for requirements and design review topic material.
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Figure 2-9. System Requirements and Preliminary Design Reviews.
2.1.8.1 ENTRY CRITERION- PHASE OBJECTIVES EXIT CRITERIA

The exit criteria for Phase Objectives 2.2 through 2.7 should be subjected to both supplier internal and external reviews.  Certain results, such as those obtained from Tailored Reliability Assurance Planning and EMD Specification Development (Phase Objectives 2.3 and 2.6, respectively) should be subjected to an in-depth review at the start and near the end of DEMVAL.  The results of Phase Objective 2.2 serve as the benchmark against which the results of Phase Objectives 2.4 and 2.5 are measured.  The results of Phase Objectives 2.4 and 2.5 provide the technical material that should be subjected to continuous review during DEMVAL.  If the DEMVAL design is risky, the entry criteria for Phase Objectives 2.2 through 2.7 should serve to define the review entry criteria.

2-21

CHAPTER 2

DEMONSTRATION AND VALIDATION PHASE
2.1.8.2 ENTRY CRITERION- DESIGN REVIEW PROCEDURES

The description of this entry criterion is the same as that provided in Paragraph 1.1.7.2, with the added requirement that the review process focus on both system functions and hardware/software design.

2.1.8.3 EXIT CRITERION- DESIGN REVIEW REPORTS

The description of this exit criterion is the same as that provided in Paragraph 1.1.7.3, with the added requirement that these reports document the changes in customer requirements.

2.2 CONTROL AND AUDIT MATRICS


CONTROL THE




PROCESS

During the Demonstration and Validation Phase of the product life cycle, as in all the other product development phases, teaming of multiple disciplines is essential in developing a product that will satisfy the reliability needs of the customer.  It is during this phase that the design concept is developed into viable product specifications.  Heavy emphasis is placed on developing the design to meet all reliability requirements.  As the design takes shape, numerous tools and techniques are used in a System Engineering Process that must have high probability of producing a product that is very reliable.  Initial reliability predictions are based on customer use data and lessons learned.  These predictions are updated as the product takes shape.  To ensure that the System Engineering Process is comprised of activities that together have the capability to develop a product that meets reliability requirements, and that these activities are properly conducted, a Risk Management System must be applied.

During DEMVAL the supplier must have a Risk Management System for the evaluation and elimination of technical and reliability.  The system should have the following capabilities:

(
Translate all the customer’s expectations and requirements into product design and performance requirements 

(
Provide continuous review of the efforts to satisfy customer needs

(
Define guidelines for meeting product reliability/durability requirements

(
Resolve key issues that affect a robust design and manufacturing approach
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(
Identify and control key product and manufacturing process characteristics


(
Continuously improve the baseline product and manufacturing processes.

2.2.1 RELIABILITY ASSURANCE ACTIVITY MONITORING

    TRACK THE RISK

If the Risk Management System indicates that the risk associated with achieving a specific reliability objective is too high, then the supplier must take corrective action.  The earlier that unacceptable risk is known the better.   The Risk Management System must be capable of continuously monitoring and measuring the activities of all technical specialties involved in the high-reliability assurance effort.

The primary objective of the DEMVAL high-reliability assurance effort is the identification of design and technology rationale for improvements in current levels of reliability performance.  If, by the end of the Demonstration and Validation Phase, less than seventy-five percent (75%) of the difference between current performance and customer needs is supported by credible engineering rationale, corrective action should be required as part of the EMD Risk Reduction Plan.
2.2.2 SYSTEM RELIABILITY PREDICTION RATING
                MEASURE THE



        PREDICTION RISK

The rating criteria in Table 1-1 (Paragraph 1.1.4.5) for Concept Development system reliability estimates can also be applied to system reliability predictions that are generated in DEMVAL. The rating criteria require the supplier to conduct a causal analysis of customer experience data on similar equipment, and derive engineering rational for the expected performance of the proposed system.  This method is useful for assessing relative risk associated with reliability predictions that are obtained using the kinds of data typically available in DEMVAL.  Its primary benefit is the focus on customer environments/uses and fault mitigation.

2-23

 CHAPTER 3
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3.0 INTRODUCTION

KEY OBJECTIVES




AND CRITERIA

This chapter defines the key objectives related to the development of high reliability products that should take place during the Engineering and Manufacturing Development (EMD) Phase.  The major goal of this phase is to provide the design and manufacturing documentation necessary to begin rate production and the Integrated Logistics Support (ILS) documentation necessary to fly/field and fully support the system.  This is done by completing the detailed design, and by demonstrating that reliability, producibility, supportability, testability, and performance requirements have been met.  Figure 3-1 shows the key nine Phase Objectives that are related to high-reliability assurance for EMD:
     

(
ISO 9001 Quality Reevaluation

(
Update Interpretation of Customer Needs

(
Tailored Reliability Assurance Planning

(
Reliability Analyses and Risk Reduction

(
Trade-Off Analyses and Parts Selection

(
Integrated Testing

(
Manufacturing Process Control Planning

(
Production Specification Development 

(
Detailed Design and Test Reviews
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3.1 SUMMARY OF KEY PHASE OBJECTIVES


PURPOSE

There are three major goals for EMD: 1) detailed design implementation of specification requirements, 2) development of the manufacturing processes required to produce the product, and 3) verification, by both analysis and test, that the design and manufacturing processes comply with customer requirements. 

The high-reliability assurance objectives described in Paragraphs 3.1.1 through 3.1.9 supports these goals.  The significant differences between the DEMVAL and EMD Phase Objectives result from the greater level detail required for the EMD system design.  Phase Objective 3.1 (ISO 9001 Quality Reevaluation) is a continuation of the organization-wide quality system assessment initiated during the Concept Exploration Phase.  Phase Objective 3.2 (Update Interpretation of Customer Needs) is the systematic flowdown of derived and customer specified reliability requirements to the lowest levels of design and manufacturing.  The balance of the Phase Objectives, 3.1.3 through 3.1.9, focused on the requirements for eliminating defects in the design, manufacturing, and test.  In the instances where any of these Phase Objectives or their associated criteria is described in previous chapters, then reference is made to the appropriate paragraphs.  Paragraph 3.2 defines the appropriate metrics required to provide the customer with assurance that the reliability process is under control.

Analytical verification of the capability of the EMD design to meet its reliability requirements is provided by Phase Objective 3.4 (Reliability Analyses and Risk Reduction).  The identification of critical items is continued in this phase but its scope is expanded to include critical parameters of piece parts and the manufacturing processes that affect these critical parameters.  The capability indices for the critical manufacturing processes are determined for the purpose of eliminating defects and controlling the manufacturing process.  Development tests are be conducted on risky designs and manufacturing elements for the purpose of validating and refining analytical results and completing the characterization of materials and parts.  Verification tests are conducted to confirm that the design and manufacturing processes are capable of satisfying all specification requirements.

Several of the entry and exit criteria that are defined for high-reliability for EMD require the processing of reliability attributes that should have been developed in both Concept Exploration and DEMVAL.  If the precursor processing of these data has not occurred prior to EMD then the supplier must tailor the Phase Objectives to remove all preexisting risks to high-reliability assurance. 
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ISO 9001 Quality Reevaluation represents a continuation of the 

ESTABLISH

commitment of the entire organization to a standard quality


CAPABILITY

system.  If a marginal rating resulted from a third party ISO 9001 evaluation prior to EMD then significant improvement should be seen by the EMD time frame.  In instances where this is an initial evaluation, the results should be used to establish a basis for specific improvements.

The interpretation of customer needs activity is a continuation of 
   VERIFY CUSTOMER

the process begun during the Concept Exploration Phase.  Firm
   NEEDS

specifications are developed to confirm the customer priorities associated with reliability requirements and to flow the requirements to the lowest levels of design and manufacturing process detail.

EMD reliability assurance planning requires the selection of Phase

PLAN THE

Objectives and associated entry and exit criteria necessary for 

OBJECTIVES
achieving high-reliability for the product.  The planning is adjusted to reflect the technologies employed, the severity of the customer’s environment, the risk areas, and the customer’s priorities attached to reliability issues.  EMD reliability assurance planning should result in the development of test plans, supplier selection and control plans, and continue the process of continuous improvement through benchmarking and training plans.

Reliability Analyses and Risk Reduction is one of the central
    
STRESS ANALYSIS

defect prevention objectives of the EMD phase.  This objective requires detailed design data, design rules, and an expanded definition of imposed stresses to create reliability predictions, descriptions of the consequences of part parameter variability, definitions of critical parts characteristics and related manufacturing processes, and a set of design for manufacturing guidelines.  Inputs from development testing are used to refine the analytical results.

Tradeoff Analyses continue to be used to balance the design.

BALANCE THE

These analyses should focus on simplifying both the design and 

DESIGN
the manufacturing processes.
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Development and Verification testing remains an important part

INTERGRATED

of the EMD reliability assurance effort.  Both development and 

TESTING
verification testing rely heavily on aggressive and comprehensive failure reporting analyses and corrective action system.  Testing must be conducted using expected customer environments representing realistic imposed stresses.  All reliability attributes must be verified, including life, durability, BIT performance, and defect rates.  Included in this activity is the development of appropriate Environmental Stress Screening (ESS) programs for production equipment.

The Manufacturing Process Control Planning and Analyses is a
MANUFACTURING

second major Phase Objective directed at defect prevention.  Its
PROCESS CONTROL

purpose is to define the capability indices of the manufacturing process and identify process control factors and the levels for these factors associated with minimum variance.  The analysis is driven by the definition of critical parts and parameters and an experience database that describes the current capabilities of the manufacturing process.

Production performance specifications and their related

        DEFINE THE

manufacturing specifications are developed by combining the
        MANUFACTURING

analytical results of Reliability Analyses and Risk Reduction and
        REQUIREMENTS

Manufacturing Process Control Planning and Analyses with the test results from Integrated Testing.

Detailed Design and Test Reviews serve as the vehicles for
                 BRING VISIBILITY

applying discipline and a focus on customer requirements to the             TO RELIABILITY 

high-reliability effort.  Detail design reviews must have well
                  ASSURANCE

defined entry and exit criteria that include methods for verifying that customer requirements are met.

3.1.1 ISO 9001 QUALITY REEVALUATION

    EVALUATE 




    THE WHOLE 

This contract-independent, organization-wide objective is basically
    ORGANIZATION

the same as that defined in Paragraphs 1.1.1 and 2.1.1, except the emphasis here is on reconfirming the qualitative system baseline for the Engineering and Manufacturing Development Phase.   Figure 3-2 defines the criteria required for achieving high-reliability for this objective.
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Figure 3-2. ISO 9001 Quality Reevaluation.
3.1.1.1 ENTRY CRITERION- EVALUATION CRITERIA

The description of this entry criterion is the same as that provided in Paragraphs 1.1.1.1 and 2.1.1.1.

3.1.1.2 ENTRY CRITERION- EVALUATION CRITERIA

The description of this entry criterion is the same as that provided in Paragraph 1.1.1.2.

3.1.1.3 EXIT CRITERION- QUALITY SYSTEM EVALUATION RESULTS

The description of this entry criterion is the same as that provided in Paragraph 1.1.1.3 and 2.1.1.3.

3.1.2 UPDATE INTERPRETATION OF CUSTOMER NEEDS

REQUIREMENTS





FLOWDOWN

During the EMD phase, firm performance and verification specifications should be available.  However, a systematic and comprehensive evaluation of customer needs and priorities is still required as it was in earlier phases.  Customer requirements and priorities must be translated into product technical requirements and flowed down to the component and manufacturing process level.  Direct interchange between customer and supplier has found to be key to the proper implementation of requirements flowdown.  There may be several iterations as the reliability requirements are defined and flowed down from the system level to the subsystem level, to the assembly level, and on to lower levels of design and manufacturing detail as needed.  Figure 3-3 defines the criteria required for achieving high-reliability for this objective.
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Figure 3-3. Update Interpretation of Customer Needs.
3.1.2.1 ENTRY CRITERION- CUSTOMER NEEDS AND




OBJECTIVES




The description of this entry criterion is the same as that provided in Paragraphs 1.1.2.1 and 2.1.2.1.

3.1.2.2 ENTRY CRITERION- EMD TECHNICAL OBJECTIVES

The description of this entry criterion is the same as that provided in Paragraphs 1.1.6.5 and 2.1.6.5.

3.1.2.3 EXIT CRITERION- UPDATED EMD TECHNICAL

     COMPREHENSIVE

OBJECTIVES 

     RELIABILITY




     REQUIREMENTS

The supplier must provide a definition of specific technical attributes and parameters that will satisfy all customer requirements.  This definition includes quantitative values for each of the attributes and parameters.  The customer needs should be given weighting factors that represent their priority levels.  These factors will be used to define the relative importance of each of the technical attributes and parameters.  It is critical that the interaction between reliability technical attributes and the other technical attributes be identified for the purpose of identifying trade study candidates.

The technical requirements should be flowed down by analytical
methods to the component and manufacturing process levels of indenture.  This flowdown will usually require several iterations during the EMD phase.  The requirements flowdown procedure must maintain traceability to customer needs and, more 
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importantly, the customer’s priorities for these needs.  The product reliability attributes of concern are include service life, durability, defect rates, and BIT performance requirements (e.g., False Alarm rate, Fault Detection Probability, Could Not Duplicate (CND) rate, etc.). 

3.1.2.4 EXIT CRITERION- TRADE STUDY CANDIDATES

The description of this exit criterion is the same as that provided in Paragraphs 1.1.2.4 and 2.1.2.4.

3.1.3 TAILORED RELIABILITY ASSURANCE PLANNING

MULTIDISCIPLINE




PLANNING
Much of this Phase Objective is substantially the same as that
described in Paragraphs 1.1.3 and 2.1.3.  The entry and exit criteria of the remaining EMD Phase Objectives (3.1.4 through 3.1.9) serve to identify the baseline activities that should be planned.  Customer needs priorities, trade-off candidates, the EMD Risk Reduction Plan, and contract requirements drive tailoring of the reliability assurance effort.  The resultant plans should identify specific entry and exit criteria, schedules for their application, and the data required for applying them.  The plans should be co-developed by all the functional specialties involved, with principal emphasis on defect prevention activities.  Figure 3-4 defines the criteria required for achieving high-reliability for this objective.
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Figure 3-4. Tailored Reliability Assurance Planning.
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3.1.3.1 ENTRY CRITERION - FUNDING PROFILES

The allocation of funds must be interactive, flexible, and demonstrably shown to be related to the customer priorities identified as a result of Phase Objective 3.2.  The description of this entry criterion is otherwise the same as that provided in Paragraphs 1.1.3.1 and 2.1.3.1.

3.1.3.2 ENTRY CRITERION- EMD RISK REDUCTION

PLAN

Exit criterion 2.6.6 serves as an entry criterion here.  It establishes the required depth of the reliability risk reduction analyses and test data, including that for parts and materials environmental characterization tests.  The EMD Risk Reduction plan must describe the criteria used to select the risk issues.  Criteria can consider elements such as new technology parts and materials, prior negative reliability history, life limited items, parts and materials which are uncharacterized relative to the expected use environments or manufacturing technologies whose capability indices are low or have not been established.  The plan should also describe the analyses and tests required for establishing either defect prevention design margins or manufacturing process controls.  This includes the identification of measures of merit that will be tracked and thresholds that identify success.  Finally, this plan should identify fallback positions that will be implemented if risks cannot be resolved and the milestones at which those decisions will be made.

If a supplier has not participated in the DEMVAL phase of the product development cycle, an initial risk reduction plan must be prepared.  The plan should include the criteria for selection of risk issues.  The output of a Risk Assessment should be used to establish a list of technical requirements rank-ordered based on customer priorities.  This list then serves as a baseline for establishing priorities for the risk issues.

3.1.3.3 ENTRY CRITERION - CONTRACT

REQUIREMENTS

The description of this entry criterion is the same as that provided in Paragraph 3.1.3.2

3.1.3.4 ENTRY CRITERION – UPDATED EMD TECHNICAL OBJECTIVES

Exit criterion 3.2.3 serves as an entry criterion here.  Quantified and prioritized reliability requirements establish the focus and direction for high-reliability assurance planning.
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3.1.3.5 ENTRY CRITERION - TRADE STUDY

DEFINE THE 

CANDIDATES

TRADE-OFF

Exit criterion 3.1.2.4 serves as an entry criterion here.  Additional trade study candidates may have been developed as a result of risk reduction assessments, customer requests, or supplier experience.  The candidate trade study list should define the specific measures of merit being used to evaluate trade study alternatives.  Any weighting factors applied to the trade study measures of merit should be shown in the candidate list and should be traceable to customer priorities.  Reliability attributes and/or parameters should be considered for all trade studies as measures of merit.

3.1.3.6 EXIT CRITERION- TAILORED RELIABILITY

ASSURANCE PLAN

The supplier must prepare a plan for accomplishing all of the EMD Phase objectives for high-reliability assurance, including all associated entry and exit criteria.  This plan should be tailored based on the complexity of the equipment, the expected customer use environment, and contract requirements.  Also, this plan should identify task acceptance (completion) criteria, responsibility for all tasks, and the roles of functional specialties in Phase Objective entry and exit criteria products.

3.1.3.7 EXIT CRITERION- CAE TOOLS

The description of this exit criterion is the same as that provided in Paragraphs 1.1.3.6 and 2.1.3.11.

3.1.3.8 EXIT CRITERION- UPDATED EMD TECHNICAL OBJECTIVES FLOWDOWN

The description of this exit criterion is the same as that provided in Paragraphs 1.1.3.7 and 2.1.3.8.  However, if not accomplished as part of Phase Objective 3.2 (Update Interpretation of Customer Objectives) the quantitative and qualitative requirements (e.g., fault tolerance) that were suppose to be identified by exit criterion 3.2.3 must be allocated by other means to all necessary levels of indenture and to all procured assemblies.  The allocation process must retain the definition of customer priorities among reliability requirements and between reliability requirements and other design and manufacturing requirements.  The allocation process must account for the historical user experience with like and similar equipment.
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3.1.3.9 EXIT CRITERION- SUBCONTRACTOR SELECTION

 

AND CONTROL PLAN 




The description of this exit criterion is the same as that provided in Paragraphs 1.1.3.9 and 2.1.3.9.

5.1.3.10 EXIT CRITERION - INTEGRATED TEST PLAN


PERFORMANCE





VERIFICATION
This exit criterion should be in the form of a comprehensive definition of all reliability-related development and verification testing and the failure reporting analyses and corrective action system that will be employed during these tests.  The purpose of the test plan is to ensure that all reliability attributes are validated, that testing is not duplicated, that the test schedule and resources are adequate, and that test faults are corrected by design or manufacturing process changes.  The test plan should include the definitions for the following categories of test:


Risk reduction tests (such as, parts and materials properties characterization tests, parameter variability determination, subassembly performance tests, and manufacturing process development tests)


Performance verification tests at environment extremes


Life and durability verification tests


Reliability growth or verification tests


Built-In-Test (BIT) development and verification tests


Environmental Stress Screening (ESS) and equipment acceptance tests

Specific tests within each test category should be scheduled and defined.  The definitions for each specific test should address the following issues:


Definition of test objectives and the measurable criteria for success


Test sample requirements


Environmental and operating conditions


Test duration and test facilities required


Responsibility for detail test procedures and reporting


Failure Reporting, Analysis and Corrective Action System (FRACAS) requirements, including responsibility for all elements of this process and the corrective action closeout status tracking system
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Several key issues must be addressed in the test plan.  The


REALISTIC

applied environments must represent customer use environments

TESTING
(thermal, electrical, mechanical) and customer operation including maintenance.  Life testing must be long enough and of sufficient severity to verify fatigue resistance and durability.  All failures must be subjected to a thorough causal analysis, such that broadly applicable design and manufacturing process changes can be implemented.

3.1.3.11 EXIT CRITERION- UPDATED EMD RISK

REDUCTION PLAN

The Updated EMD Risk Reduction Plan should address any weaknesses in the supplier’s high-reliability assurance approach that were uncovered after the plan was initially developed in DEMVAL.  The risk reduction effort should be directed at improving the high-reliability assurance efforts that directly affect the EMD phase.  Candidates for consideration, in addition to those listed in Paragraph 2.1.3.7, are:


Design/Electronic Circuit Simulation Techniques


Design and Manufacturing Variability Control


Physics of Failure Analyses.

The personnel risk portion of the plan should address the capability of the responsible supplier and subcontractor personnel to accomplish the Phase Objectives, including all associated entry and exit criteria defined in Paragraphs 3.1.4 through 3.1.9 (e.g., Design for Manufacturing, Variability Control, etc.).  Training needs must be identified along with the resources required to satisfy those needs.  The risk reduction plan must also describe the methods for disseminating information relative to product reliability requirements to all the personnel involved in functional specialty activities.

3.1.4 DETAILED DESIGN RELIABILITY ANALYSES AND 

RISK REDUCTION

This is the pivotal Phase Objective in EMD.  There are four principal exit criteria.  The definition of design reliability rules, begun during DEMVAL, is continued and refined based on detail stress analyses and results from development tests.  The stress analyses and predictions also yield quantitative estimates of reliability attributes (life and defect rate including BIT and manufacturing defects).  Critical product characteristics are defined down to the component and parameter levels.  These in
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turn drive variability control analyses and the identification of critical manufacturing processes.  Lastly, design for manufacturing guidelines are defined in order to simplify both the design and the manufacturing process.  Much of this activity builds on the results of the DEMVAL Phase Objective 2.4 (Reliability Analyses and Risk Reduction).  If the equipment being developed has not been subjected to a formal DEMVAL phase, several of the analytical entry and exit criteria described in Chapter 2 must be accomplished as part of this Phase Objective.  Figure 3-5 defines the criteria required for achieving high-reliability for this objective.
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Figure 3-5. Tailored Reliability Assurance Planning.
3.1.4.1 ENTRY CRITERION- PRODUCT DESIGN DATA

A complete electrical, mechanical, and thermal engineering description of the detailed system design must be developed for EMD.  The system description data should include:


Function block diagrams, functional descriptions, circuit schematics, circuit board layout drawings, packaging and assembly drawings, parts lists, parts performance data, thermal models, and properties related to dynamic analyses of the equipment.


Parts and materials quality control parameters, such as defect per million requirements, screening and test requirements, and manufacturing process control elements.
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
Parts and materials variability control parameters.  These data are vital to manufacturing and assembly variability control.  The distribution of critical parts and materials parameters must be obtained from suppliers/manufacturers or by test.  This issue is also an important topic for inclusion in parts/materials specifications and control plans.


Detail parts and material characterization data (response to environmental stress).


Manufacturing and assembly drawings and the initial description of all manufacturing process steps.

If the product has not been subject to a DEMVAL phase then all the data described in Paragraph 2.1.4.2 are also applicable.

3.1.4.2 ENTRY CRITERION- DESIGN AND MANUFACTURING
 DEFECT PREVENTION

CRITERIA

This entry criterion represents a continuing refinement of the exit criteria described in Paragraph 2.1.4.8.  The form of this criterion should be data that defines a comprehensive set of design rules and manufacturing guidelines, including parts and materials application guidelines, lessons learned, derating requirements, thermal design guidelines, BIT/testability design guidelines, and assembly and test guidelines.  Special attention should be paid to any new or untried technologies and components having a poor record of reliability performance.

3.1.4.3 ENTRY CRITERION- UPDATED EMD TECHNICAL OBJECTIVES FLOWDOWN

Exit criterion 3.3.8 serves as an entry criterion here.  The form of this criterion should be data that defines the customer’s quantitative reliability requirements.

3.1.4.4 ENTRY CRITERION- ENVIRONMENT AND USE DATA

This entry criterion is a refinement of the entry criterion described in Paragraph 2.1.4.4.  The supplier is responsible for defining local life cycle stress profiles that result from external environments, including power and cooling conditions, and equipment operation during all use including all forms of maintenance.  The environment and use data should include both the maximum expected stress levels and duration, and total life cycle exposure profiles based on service life, basing locations, and types/duration of missions and other operations/use.  All damaging environments also should be defined.
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3.1.4.5 ENTRY CRITERION- INTEGRATED TEST RESULTS

TEST RESULTS

AND DESIGN CHANGES

Exit criterion 3.3.8 serves as an entry criterion here.   This entry criterion includes risk reduction tests, such as parts and materials characterization tests and element/subassembly performance verification tests.  These tests are identified in Paragraphs 3.1.3.10 and 3.1.3.11.  All development testing should include data from which conclusions regarding reliability can be drawn.  A key element in development test results is a comprehensive FRACAS.

3.1.4.6 EXIT CRITERION - RELIABILITY AND MAINTAINABILITY PREDICTIONS  

Product reliability and maintainability predictions should be iterated throughout the EMD phase.  Improvements over initial estimates should be based on design simplification, increased stress margins (inclusive of improved cooling), or change in the implementation of the BIT design.  At times handbook reliability predictions (e.g., MIL-HDBK-217 or Bellcore) may not be appropriate and may require supplemental analyses such as physics of failure and fatigue analysis.  Whenever possible, predictions should be compared to customer experience with similar equipment and the differences justified by stress analyses.  Quantitative estimates of maintenance frequency should include both unscheduled maintenance resulting from all causes and any proposed scheduled maintenance.  The product reliability and maintainability predictions should exceed customer requirements and be based on compliance with the design for testing and manufacturing criteria of Paragraph 3.1.4.9.  

3.1.4.7 EXIT CRITERION - PIDS RISK ASSESSMENT
             PROCESS CONTROL 

This exit criterion should be based on exit criterion 3.4.8 (Critical Product Characteristics and Manufacturing Processes) which defines critical product characteristics and the corresponding critical manufacturing processes.  The process-induced-defect-sources (PIDS) assessment, including worst case evaluations, should be used to verify the accuracy and sensitivity of the manufacturing and test procedures and equipment.

3.1.4.8 EXIT CRITERION - CRITICAL PRODUCT


CRITICAL ITEM

CHARACTERISTICS AND MANUFACTURING


CONTROL

PROCESSES

This exit criterion represents a complete evaluation of imposed stresses and the capability of the design to withstand these stresses.  The analysis should include the following elements:
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
Electrical stress margins, including performance under transient conditions.
    

Mechanical stress margins, including vibration, g-loading, and thermal stress margins.  Analyses should include solder joint fatigue and other deterioration mechanisms.


Testability analyses proving the accuracy of BIT design.

Parametric and geometric variability of the design and manufacturing processes should be established from analytical and empirical data, and should be included a requirement for parts, materials, and processes (PM&P) control.  The objective of the variability analyses should be to demonstrate that the nominal values of critical parameters are six sigma from specification limits.  In addition to estimates of maintenance frequency, this criterion is the primary driving force behind three key issues:

Variability control

BIT design

Fault tolerance design

There are three primary sources for data defining the critical product characteristics and manufacturing processes:

The supplier’s interpretation of customer requirements

Fault/failure analysis tools (e.g., FMECA, fault tree analysis, finite element analysis, or physics of failure analysis) 

Engineering experience

Critical product functions and signals should be initially identified, and as the design detail is finalized, critical assemblies, parts, and parameters of the design should be identified by the three sources described above.  These evaluations should take place concurrently with the development of the detailed design.

The design of BIT functions, fault tolerance features, and the identification of critical items for variability control should be traceable to the analyses defined by this criterion.  These results should also be used to identify the manufacturing processes affecting the critical product characteristics in order to establish priorities for the control of manufacturing processes.  Subcontractor inputs are necessary to properly define all critical product characteristics.

3.1.4.9 EXIT CRITERION - DESIGN FOR TESTING AND MANUFACTURING CRITERIA

A central element is the achievement of both quantitative reliability requirements and control of variability in an explicit set 
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of design for testing and manufacturing guidelines.  These should emphasize simplicity, commonality, and the use of standardized manufacturing processes.  These guidelines must also define any special handling or processing constraints.

3.1.5 TRADE-OFF ANALYSES AND PARTS SELECTION

This Phase Objective is substantially the same as those defined in Paragraphs 1.1.5 and 2.1.5 except that the focus is on selecting components and parts.  Figure 3-6 defines the criteria required for achieving high-reliability for this objective.  If equipment has not been the subject of Concept Exploration or DEMVAL phases, the initial trade-off analysis should be directed at the selection of technologies to be employed and the refinement of system level parameters.  The remainder of the trade-off analyses should be directed at balancing detailed design implementation issues with emphasis on the selection of specific parts, materials, and manufacturing processes.
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Figure 3-6. Trade-Off Analyses and Parts Selection.
3.1.5.1 ENTRY CRITERION- TRADE STUDY CANDIDATES

Exit criterion 3.2.4 serves as an entry criterion here.  This criterion is a comprehensive list of the trade studies to be conducted, the objectives of these trades, the parameters to be evaluated, and the responsibilities for the conduct of these analyses.

3.1.5.2 ENTRY CRITERION- UPDATED EMD TECHNICAL OBJECTIVES FLOWDOWN

Exit criterion 3.3.8 serves as an entry criterion here.  This criterion defines the quantitative customer reliability requirements that must be met.
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3.1.5.3 ENTRY CRITERION- DESIGN AND MANUFACTURING ALTERNATIVES

Each alternative design implementation or manufacturing process for each trade-off analysis should be described as defined in Paragraph 3.1.4.1.

3.1.5.4 EXIT CRITERION- TRADE STUDY RESULTS

The description of this exit criterion is the same as that contained in Paragraphs 1.1.5.4 and 2.1.5.4.  Trade study results should be subject to review by the customer and subcontractors.

3.1.6 INTEGRATED TESTING

This Phase Objective includes the complete spectrum of tests required to develop and verify product performance requirements.  Figure 3-7 defines the criteria required for achieving high-reliability for this objective.  All testing should be expected to yield data that can be applied for defect prevention or elimination.
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Figure 3-7. Integrated Testing.
3.1.6.1 ENTRY CRITERION- INTEGRATED TEST PLAN

COMPREHENSIVE




TEST PLANNING

Exit criterion 3.3.10 also serves as an entry criterion here.  This criterion defines all tests, test conditions, test objectives, and Failure Reporting Analyses and Corrective Action System (FRACAS) requirements.  Testing should include performance under expected environmental extremes, life testing for fatigue and wearout mechanisms using representative models of the operational equipment, long term mission environment tests to validate requirements, such as Mean-Time-Between-Maintenance, and all parts, materials, and subassembly development tests.  A comprehensive FRACAS that results in design and manufacturing process changes is an essential element of the test plan.
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3.1.6.2 ENTRY CRITERION- ENVIRONMENT AND USE

DATA

Entry criterion 3.4.4 also serves as an entry criterion here.  All testing, especially life and long term performance testing, should be conducted under conditions derived from, and traceable to, customer use.

3.1.6.3 EXIT CRITERION- INTEGRATED TEST RESULTS AND

DESIGN CHANGES

The description of this exit criterion is the same as that contained in Paragraph 2.1.6.3, with the addition requirement that environmental stress screening (ESS) be applied to production equipment.  This ESS should include both subassembly and unit level tests.  The stress levels and duration of the tests should be based on the results of DEMVAL tests and long term performance tests.  A sufficient body of knowledge exists in public-domain literature to adequately define these tests.

3.1.7 MANUFACTURING PROCESS CONTROL

        CONTROL THE




        MANUFACTURING

This Phase Objective defines the requirements necessary for the
        PROCESS

control of the manufacturing process and the prevention of defects introduced by manufacturing.  The supplier should define the steps that are necessary for achieving the required variance limits, including the flow-through of variance limit requirements to parts and materials suppliers.  The exit criteria for this objective define the manufacturing process capability indices, the factors that control the manufacturing process results, and the control limits imposed on these variables.  Figure 3-8 defines the criteria required for achieving high-reliability for this objective.

3.1.7.1 ENTRY CRITERION- DESIGN FOR TESTING AND MANUFACTURING CRITERIA

Exit criterion 3.4.9 serves as an entry criterion here.  EMD design for testing and manufacturing criteria should be iteratively developed with the design engineering functions, and should reflect the capabilities and limitations of the manufacturing processes.

3.1.7.2 ENTRY CRITERION - CRITICAL PRODUCT CHARACTERISTICS AND MANUFACTURING PROCESSES

Exit criterion 3.4.8 serves as an entry criterion here.  The control of manufacturing processes should be linked to, and priorities established by, the definition of critical product characteristics.
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Figure 3-8. Manufacturing Process Control Planning.
3.1.7.3 ENTRY CRITERION- MANUFACTURING PROCESS DESCRIPTION

This entry criterion is a complete description of the manufacturing process and the capability index associated with each step in the process.  These descriptions should be provided for those processes, including vendor processes, which affect critical product characteristics.  This criterion should highlight process steps for which the capability index has not been defined.

3.1.7.4 ENTRY CRITERION- MANUFACTURING CRITERIA

This entry criterion is the manufacturing criteria described in Paragraph 3.1.4.2.  This criteria should include defect rates for existing manufacturing process steps, corrective actions to be implemented as part of the EMD phase, lessons learned for inclusion in design, manufacturing risk assessment guidelines, process control variables, and control limits for existing manufacturing process steps.

3.1.7.5 ENTRY CRITERION- PIDS RISK ASSESSMENT

Exit criterion 3.4.7 serves as an entry criterion here.  This criterion defines in empirical terms the risk associated with the supplier’s manufacturing processes.
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3.1.7.6 EXIT CRITERION- MANUFACTURING PROCESS

      MANUFACTURING

FAULT/FAILURE ANALYSES 

      EQUIPMENT




      CRITICALITY

The focus of this exit criterion is the identification of weaknesses in equipment and procedures that are required for implementing critical manufacturing process steps.  The appropriate analyses (e.g., process FMEA, process fault tree analysis, or fishbone analysis) must be applied to identify the faulty conditions and procedures for equipment that is used in the manufacturing process.  These analyses should be used to assess the reliability of manufacturing equipment, define fault indication and monitoring requirements, and provide the basis for maintenance practices and manufacturing workaround plans.

3.1.7.7 EXIT CRITERION- MANUFACTURING

PROCESS CONTROL PLAN

This exit criterion defines the capability indices for all manufacturing processes, the control variables for these processes, their limits, and the description of process control elements including Statistical Process Control (SPC) implementation requirements.  The manufacturing process control plan should define the methods, tests, and analyses that will be implemented for manufacturing process steps that are not completely characterized.  This criterion also should define the conditions and methods for reducing process variability (e.g., Design of Experiments) and the requirements flowdown procedures to ensure the control of purchased parts and materials.

3.1.8 PRODUCTION SPECIFICATION DEVELOPMENT

Production specifications that include both product performance and verification and manufacturing requirements are developed as part of this Phase Objective.  This Phase Objective also includes the development of specifications for procured subassemblies and equipment.  Figure 3-9 defines the criteria required for achieving high-reliability for this objective.

3.1.8.1 ENTRY CRITERION- RELIABILITY AND MAINTAINABILITY PREDICTIONS

Exit criterion 3.4.6 also serves as an entry criterion here.  Quantitative reliability and maintainability requirements should be developed for all production specifications.  This criterion also provides the data necessary for the development of production specification derating and design margin requirements.
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Figure 3-9. Production Specification Development.
3.1.8.2 ENTRY CRITERION- MANUFACTURING PROCESS CONTROL PLAN

Exit criterion 3.7.7 also serves as an entry criterion here.  This criterion provides the baseline for creating manufacturing process specifications, identifying information, such as SPC control variables and control limits, and in-process inspection requirements.

3.1.8.3 ENTRY CRITERION- INTEGRATED TEST RESULTS AND DESIGN CHANGES

Exit criterion 3.6.3 also serves as an entry criterion here.  This criterion defines the baseline production verification and screening test requirements for subassemblies and systems.

3.1.8.4 EXIT CRITERION- PRODUCT PERFORMANCE SPECIFICATIONS

This exit criterion should include the complete set of product specifications including all supplier specifications for procured hardware.  Summarily the supplier’s specifications should contain all quantitative and qualitative reliability requirements for the product.  These requirements should include such parameters as service life, scheduled and unscheduled Mean-Time-Between-Maintenance (MTBM), and BIT false alarm rates.  These specifications also should include such parameters as the design-to operating environmental, design margins, and parameter variability limits.  All test and performance verification requirements should be defined in the production specifications.
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3.1.8.5 EXIT CRITERION- MANUFACTURING

REQUIREMENTS

This exit criterion is the manufacturing process specification for the Production and Support Phase product.  All process steps should be identified and process specifications defined.  These should include definitions for control variables, limits for those variables, measurement techniques, and the definition of SPC requirements.  These manufacturing specifications should also identify all inspection, test, reporting, and corrective action procedures applied to the manufacturing process.

3.1.8.6 EXIT CRITERION- PRODUCTION AND SUPPORT RISK REDUCTION PLAN

This exit criterion is a refinement of the exit criterion defined in Paragraph 2.1.7.6, except the focus is on controlling manufacturing process risk.

3.1.9 DETAILED DESIGN AND TEST REVIEWS

    AUDIT THE DESIGN

This Phase Objective is substantially the same as that defined in Paragraphs 1.1.7 and 2.1.8.  Supplier internal and external reviews is the primary method used for bringing discipline to the high-reliability assurance process and maintaining a focus on customer requirements.  All reviews should have clearly defined entry and exist criteria, an explicit definition of applicable customer requirements, and a description of how these requirements are being satisfied.  The review process should also assign responsibilities for closing action items and implementing corrective actions and design changes.  Figure 3-10 defines the criteria required for achieving high-reliability for this objective.
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Figure 3-10. Detailed Design and Test Reviews.
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3.1.9.1 ENTRY CRITERION – PHASE OBJECTIVES EXIT CRITERIA

The exit criteria for Phase Objectives 3.2 through 3.8 define all the reliability issues that should be subject to supplier internal and external review.  The entry criteria (e.g., environment and use data) for a risky Phase Objective (e.g., Integrated Testing) should define the entry criteria for detailed design and test reviews.

3.1.9.2 ENTRY CRITERION – DETAILED DESIGN REVIEW

PROCEDURES

The description of this entry criterion is the same as that provided in Paragraphs 1.1.7.2 and 2.1.8.2 except the focus is on the detailed design and test.

3.1.9.3 EXIT CRITERION – DETAILED DESIGN AND TEST REVIEW RESULTS

The description of this exit criterion is the same as that provided in Paragraph 2.1.8.3 except the focus is on the detailed design and test.

3.2 CONTROL AND AUDIT METRICS

There are three primary high-reliability assurance control and audit metrics that should be applied for EMD:

Detailed Quantitative Reliability Estimates

Design Variability Control

 Manufacturing Variability Control

Failure to achieve the targeted values for these metrics should result in requirements for corrective action plans.

3.2.1 DETAILED QUANTITATIVE RELIABILITY

ESTIMATES

The credibility of the product reliability prediction is contingent on the quality of several key issues that must be evaluated in concert with a prediction:


Scope and quality of “Lessons Learned”


Design for manufacturing guidelines (Design simplification)


Environmental and use data traceable to the mission description


Quality of design margins/guidelines/derating/ application guidance


Characterization and control of manufacturing processes
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
Quality of materials characterization data (fatigue, overstress, corrosion resistance, etc.)

Parts, materials and processes control effectiveness

The use of MIL-HDBK-217 for detailed predictions may not be appropriate, and may require supplemental analyses.  These analyses include physics of failure, assessments of known wearout and fatigue mechanisms, estimates of the performance anomaly of the equipment’s self-diagnosis functions, and adjustments based on demonstrated results (customer use experience, part manufacturer test data, etc.).

Guidance regarding techniques appropriate to the estimation of life for some dominant fatigue and wearout mechanisms are contained in Report RL-TR-91-155, “Computer Aided Assessment of Reliability Using Finite Element Methods” and RL-TR-91-251, “Reliability Assessment of Water Scale Integration Using Finite Element Analysis.”  Sufficient data exists in the public domain to address additional issues, such as connector durability, corrosion, and electro-migration.  Estimates of wearout and fatigue life should be initially applied to worst case conditions to determine the need for more extensive analyses.

Use of detail predictions as a control parameter requires that corrective action be implemented if the parameter falls below established criteria.  These criteria are as follows:


Reliability predictions should be iterated several times during the using the worse case values of unknown design data.  As the actual design data becomes known, each succeeding reliability prediction should reflect an improvement over the proceeding value.  This improvement should be traceable to either design simplification or reductions in electrical or mechanical stress levels.


System reliability predictions should exceed customer requirements by a comfortable margin (e.g., 10%)

3.2.2 DESIGN VARIABILITY CONTROL

Detailed quantitative reliability predictions basically address the issue of stress-induced failures.  The robustness of the design and its resistance to parameter variation is another major part of eliminating defects.  The basic design approach is to keep the variation under control such that the average result is separated from the specification limit by six standard deviation units.  This separation should include the effects of shifts and drifts in the mean.  A shift in the mean of 1.5 sigma accounts for typical shifts and drifts.  This concept and a definition of capability indices is shown in Figure 3-11 as a measure of control.

3-24

CHAPTER 3

ENGINEERING AND MANUFACTURING DEVELOPMENT PHASE

The concepts defined herein can be applied to virtually any critical product characteristic.  For control purposes during the EMD phase, the goal for each critical parameter should be six sigma (Cp = 2.0) with a threshold for corrective action being four sigma (Cp = 1.33).

3.2.3 MANUFACTURING VARIABILITY

CONTROL

The manufacturing process also contributes to product defects and it must be measured and controlled in a fashion almost identical to that described in Paragraph 3.2.2.  However, control of the manufacturing process clearly extends into both the Production and Support Phase.  The ultimate goal for each critical manufacturing process step should be a capability index, Cp, of 2.0.  The EMD threshold for corrective action should be an index, Cp, of 1.33.

The overall ability of a manufacturing process to consistently produce a high-quality end item is highly dependent on the capability of the individual steps that comprise that process.  In turn, the capability of any given process step is determined by the degree of capability related to, and the subsequent control of, the underlying factors.

Figure 3-11.  Concepts Underlying CP and CPk
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4. INTRODUCTION
    KEY OBJECTIVES

    AND CRITERIA

This chapter defines the key objectives related to the development of high-reliability manufacturing processes that should take place during the Production and Operational Support Phase.  The major goal of this phase is to produce and deliver a reliable, fully supported system at an optimal cost.  In a production run where several items are to be delivered, manufacturing is usually accomplished in two stages.  The first stage is a slow-rate production of initial batches or blocks.  During this stage the supplier introduces modifications as the result of feedback from manufacturing Statistical Process Control (SPC), field/flight tests, initial operational experience, and mission review audits.   The production rate increases during the second stage when the manufacturing process becomes stable.  The supplier may be required to provide continuous support to the fielded system in the form of tools, spare parts, software patches, operating alerts, and updated technical documents.  Figure 4-1 defines the key four Phase Objectives that are related to high-reliability assurance for Production and Operational Support:

(
 ISO 9001 Quality Revaluation

(
 Tailored manufacturing Assurance Planning

(
 Manufacturing Process analyses and Risk Reduction

(
 Manufacturing and design Change reviews












Figure 4-1. Production & Support High-Reliability Assurance Objectives.
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Phase Objective 4.1 (ISO 9001 Quality Reevaluation) is a

        KEY OBJECTIVES
continuation of the quality system improvement process started in
        AND CRITERIA

the Concept Exploration Phase.  Also, It is an important element of both subcontractor control and supplier selection.  Phase Objective 4.2 (Tailored Manufacturing Assurance Planning) is the program planning for both internal engineering and manufacturing operations and customer support for fielded systems.  Phase Objective 4.3 (Manufacturing Analyses and Risk Reduction) is the internally and externally directed actions required for defect detection, elimination, and prevention.  Finally, Phase Objective 4.4 (Manufacturing and Design Change Reviews) is the design and manufacturing review process that is essential to maintain a focus on both continuous improvement and continuing satisfaction of customer requirements.

Specific descriptions of the Phase Objectives are contained in
     MAJOR  CHANGES

Paragraphs 4.1.1 through 4.1.4.  These paragraphs discuss the routine reliability improvement activities of the Production and Operational Support Phase.  Major changes, upgrades, or improvements are subject to control via the appropriate activities from the previously described phases.  The activities must be selected based on the development status of the change.

4.1 SUMMARY OF KEY PHASE OBJECTIVES 




PURPOSE

The full-scale production phase is implemented according to



the supplier's production plan, as modified by the learns learned in the pre-production phases.  The production plan must include a plan for reliability risk reduction.  The first step in reducing production reliability risk is the identification of all process-induced-defect-sources (PIDS).  PIDS must be properly corrected to prevent latent defects from occurring or escaping detection, especially for reliability critical items and parameters.  Prior to production start, PIDS are identified and corrected by using Process Fault/Failure Analyses (e.g., Process FMECA).  These analyses postulate potential faults in the manufacturing process and identify methods for mitigating the causal effects.  After production start, PIDS are identified and corrected by using the Production Failure Reporting, Analysis and Corrective Action System (P-FRACAS).  P-FRACAS collects manufacturing test data that is correlated to establish failure history, failure causes, and necessary corrective actions.  Process Fault/failure Analyses and P-FRACAS must be implemented in a manner that provides timely feedback to the design community when production problems are uncovered. This allows the designers to play a major role in defining the design reliability knowledge for properly correcting PIDS.
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An ongoing activity during full-scale manufacturing is Statistical Process Control (SPC).  Besides being useful for sustaining or increasing product yield, SPC identifies the specific types of process controls (e.g., workmanship, tooling tolerances, equipment calibration, etc.) required to eliminate or control faults caused by PIDS. 
P-FRACAS collects verification test data from production Environmental Stress Screening (ESS) and Production Reliability Acceptance Tests (PRAT) to ensure that the Parts, Materials, and Manufacturing Processes (PM&P) are consistently providing a reliable product.
Once the product is fielded, the focus shifts to the Support Failure Reporting, Analysis, and Corrective Action System (S-FRACAS).  Failure reporting analysis and corrective action data are carried over from production and combined with actual field performance data to determine if there are unwanted conditions that did not appear during in-house processing.
It is critical that information pertaining to performance criteria,

CUSTOMER

such as range, accuracy, clarity, speed, reliability, etc., is


SATISFACTION

accurately reported.  Customer/User satisfaction must be primary, and if an anomaly does occur, the supplier must be prepared to respond rapidly.  Flight/field data can be useful for isolating design deficiencies or unforeseen process problems that do not surface until the user operates the product.  It is important that users feed back problem information to suppliers so that the root causes can be determined and corrective actions implemented.  Data collected and stored over the operational life of the system can reveal long-term conditions.  This information may reveal handling or usage conditions that can be compensated for in existing and future designs.

The following product development processes must be in place to achieve high-reliability assurance in the Production and Operational Support Phase:

•
An effective process that translates all the customer's expectations and requirements into Production and Operational Support requirements

•
An effective process for identifying key product and process characteristics and their impact on reliability/durability.

•
An effective process that controls the product yield and variability and an in-house feedback system that informs engineering of potential design deficiencies.
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•
An effective process that verifies through testing the life and reliability of the product and gives credibility to earlier predictions.

•
An effective process for reporting, retrieving, analyzing, and correcting field problems that might have a relationship to product design or manufacturing processes.

With these processes in place, and with the application of high-reliability assurance tools, such as Cycle Time Management and SPC, the production phase will achieve an excellent product yield and the product will have exceptional reliability and durability.  Also, operational support costs will be low when the product is fielded, and customer/user satisfaction will be high.

4.1.1 ISO 9001 QUALITY REEVALUATION

    EVALUATE 




    THE WHOLE 

This contract-independent objective is basically the same as that
    ORGANIZATION

defined in Paragraph 1.1.1, 2.1.1, and 3.1.1 except the emphasis here is on reconfirming the qualitative system baseline for the Production and Support Phase.   Figure 3-2 defines the criteria required for achieving high-reliability for this objective.  In preparation for ISO 9001 reevaluation, the supplier must conduct an internal review of organization-wide practices.  Each major functional specialty (e.g., Manufacturing, Engineering, etc.) within an organization must assess their activities in light of the criteria contained in the ISO 9001 Quality Systems Model Standard. 
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Figure 4-2. ISO 9001 Quality Reevaluation.
4.1.1.1 ENTRY CRITERION- EVALUATION CRITERIA

The description of this entry criterion is the same as that provided in Paragraphs 1.1.1.1 and 2.1.1.1.

4-4

CHAPTER 4

PRODUCTION AND OPERATIONAL SUPPORT PHASE
4.1.1.2 ENTRY CRITERION- EVALUATION CRITERIA

The description of this entry criterion is the same as that provided in Paragraph 1.1.1.2.

4.1.1.3 EXIT CRITERION- QUALITY SYSTEM EVALUATION

RESULTS

The description of this entry criterion is the same as that provided in Paragraph 1.1.1.3 and 2.1.1.3.

4.1.2 TAILORED MANUFACTURING ASSURANCE PLANNING

FOCUS OF




ACTIVITIES

Reliability assurance planning for the Production and Operational Support Phase must emphasize the continued reduction in manufacturing process variability, the establishment of a Failure Reporting, Analyses and Corrective Action System (FRACAS) and a vendor control system, and the development of a customer support feedback system.  Figure 3-3 defines the criteria required for achieving high-reliability for this objective.  The planning must consider the requirements for a teaming relationship between Reliability Engineering, Manufacturing, Quality Assurance, Design Engineering, Logistic Support, and other associated specialties.
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Figure 4-3. Tailored Manufacturing Assurance Planning.
4.1.2.1 ENTRY CRITERION- FUNDING PROFILES

The description of this entry criterion is the same as contained in Paragraphs 1.1.3.1, 2.1.3.1, and 3.1.3.1.
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4.1.2.2 ENTRY CRITERION- PRODUCT PERFORMANCE

SPECIFICATIONS

The results of the Exit criterion described in Paragraph 3.1.8.4 serves as entry criterion to the planning activities conducted in this phase.  The product performance specifications must comprehensively describe all performance and verification requirements.

4.1.2.3 ENTRY CRITERION- MANUFACTURING REQUIREMENTS

The results of the Exit criterion described in Paragraph 3.1.8.5 serves as entry criterion to the planning activities conducted in this phase.  This input includes all manufacturing process specifications, the status of capability indices for the design and manufacturing processes, and Statistical Process Control (SPC) criteria.

4.1.2.4 ENTRY CRITERION- CONTRACT REQUIREMENTS

The description of this entry criterion is the same as that provided in Paragraph 3.1.3.2.

4.1.2.5 ENTRY CRITERION- MANUFACTURING RISK

REDUCTION PLAN

The description of this entry criterion is the same as that provided in Paragraph 2.1.8.6.

4.1.2.6 EXIT CRITERION- TAILORED RELIABILITY

ASSURANCE PLAN

The supplier must prepare a plan for accomplishing all Production and Operational Support Phase objectives for high-reliability assurance, including all associated entry and exit criteria.

4.1.2.7 EXIT CRITERION- FAILURE REPORTING ANALYSIS
  ELIMINATE  DEFECTS

AND CORRECTIVE ACTION SYSTEM (FRACAS) PLAN

The supplier must have a comprehensive FRACAS plan that addresses all defects discovered in both the manufacturing and test processes.  The system should clearly identify the requirements and responsibility for reporting, analyzing, correcting, and tracking the status of all defects.  There are two keys to the effectiveness of FRACAS systems:
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· It should be a single system that records and corrects defects from all sources from receipt of parts and materials through finished product, and

· There must be evidence of continuous management oversight and insistence on the root cause analysis and correction of all defects.

4.1.2.8 EXIT CRITERION- UPDATED MANUFACTURING 

RISK REDUCTION PLAN
The manufacturing risk reduction plan must be built around two issues: 1) weaknesses uncovered during the ISO 9001 Quality Reevaluation of Paragraph 4.1.1, and 2) the issues of continuing variability reduction, failure elimination, and supplier control.  The plan must identify critical risks associated with the manufacturing processes, the data collection methods, personnel, and schedules for completing planned activities.  Other topics for risk reduction planning include:

•
Failure Reporting, Analyses, and Corrective Action Systems

•
Customer Feedback Systems

•
Manufacturing Cycle Time

•
Supplier Control

•
Statistical Process Control

•
Variability Reduction

4.1.2.9 EXIT CRITERION– LOGISTICS AND CUSTOMER


CUSTOMER

SUPPORT PLAN


SATISFACTION

The supplier must develop a plan for obtaining product use data from the customer.  The plan must define the intended uses and environments for the equipment, the type of data to be collected, and procedures for the disposition and repair of failed items.  Having identified these issues, the plan should describe the methods employed to collect all relevant information, the responsibility for acting on the information, and the status/tracking techniques to be applied to ensure problem resolution.  The plan should address both the customer's data and the mechanics for transmitting this information to vendors and subcontractors for their action and problem closeout.
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4.1.3 MANUFACTURING PROCESS ANALYSES AND


REDUCE THE RISK REDUCTION


RISK

This is a central objective of the Production and Operational Support Phase.  Data from manufacturing and processing, vendor processing and testing, pre-delivery testing, and post-delivery experience are evaluated.  Figure 3-4 defines the criteria required for achieving high-reliability for this objective.  Based on this evaluation necessary changes are made to the design, manufacturing process, tests, parts or materials.  The key to achieving this Phase Objective is to select analytical methods that generate accurate and comprehensive data.
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Figure 4-4. Manufacturing Analyses and Risk Reduction.
4.1.3.1 ENTRY CRITERION- Statistical Process Control
  IMPROVEMENT

PROCESS

Statistical Process Control (SPC) is used mainly to improve manufacturing and administrative processes and keep them under control.  It can be used to evaluate any process that is repeated over and over again.  Process performance metrics are collected, analyzed and charted over time.  The information charted is called performance statistics and it gives an ongoing picture of performance that changes when the process is altered.  A decrease in performance indicates a process problem and an increase indicates process improvement.

The collection and charting of data is only the first phase of SPC.  The second phase is finding the changes to the process that best improve its performance.  Once a desired level of performance is reached, data collection, charting and corrective action is continued to keep the process under control.
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After full-scale production begins, SPC is performed to measure the product and process variability at strategic points in the manufacturing process flow.  This is done to ensure that workmanship, tooling tolerances, equipment calibration, and/or various manufacturing process attributes do not affect product reliability, especially that of reliability critical items and parameters.   When process-induced faults are uncovered in the fielded equipment, SPC is used to define the necessary process controls for mitigating the fault occurrence.

4.1.3.2 ENTRY CRITERION- MANUFACTURING PROCESS 
      MANUFACTURING

FAULT/FAILURE ANALYSES

      PROCESS FAULTS

This Input is a comprehensive definition of the potential faults of the manufacturing process.  The data includes a description of every manufacturing process step, the capability index associated with that step, the identification of inspection and test steps, and the postulated defects and parameter variability detectable at each of the test and inspection steps.  The description of the manufacturing process steps must identify affected critical product characteristics.  This analysis should be updated with failure analysis data from the FRACAS database.

4.1.3.3 ENTRY CRITERION- SUPPLIER CONTROL RESULTS

Data from suppliers of critical parts and materials should maintain the data indicated in Paragraph 6.1.3.1 and provide variability data for critical parts and materials parameters.  This input also includes parts and materials defect/failure data and status reports for problem closeout.

4.1.3.4 ENTRY CRITERION- PRE-DELIVERY TEST RESULTS
Pre-delivery testing includes all post-manufacturing assembly testing, including Environmental Stress Screening (ESS) at all levels of assembly, acceptance testing, and any operation or testing prior to use by the ultimate customer.  These data must be included in the FRACAS database for problem closure status tracking.  During this testing, there should be neither acceptable defects nor any defects that are not subject to corrective action requirements.  All testing should be identified in either performance or manufacturing specifications.
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4.1.3.5 ENTRY CRITERION– LOGISTICS AND CUSTOMER 

FEEDBACK

SUPPORT FEEDBACK



FIELD DATA

The supplier must collect product use data for assessing failure experience, troubleshooting and repair practices, and conditions and policies at all levels of maintenance.  This data should identify the support and test equipment at all levels of maintenance, the storage, handling, and transportation conditions, and the maintenance training.  The supplier should have provisions in place that ensure that all levels of vendors are made aware of the performance of their products in the hands of the end user.

Product use data should be collected in a manner that allows customer satisfaction to be quantified.  This data should include depot repair reports, direct customer contacts, and reports from contracted field service personnel.  

4.1.3.6 EXIT CRITERION- DESIGN CHANGES

Product use analysis must be a continuous activity to measure demonstrated reliability performance levels, identify problem areas, and validate assumptions regarding customer environments and use.  The supplier should have a process in place that ensures the widest possible distribution of these analytic results along with criteria for initiating design changes to correct problems.

4.1.3.7 EXIT CRITERION- MANUFACTURING PROCESS

CHANGES

Test results from all phases of testing should be combined and used to validate the achievement of six sigma levels in both design and manufacturing processes.  The capability index of the manufacturing processes, starting with critical processes, should be demonstrated to be at least 2.0 (six sigma).  Planned corrective actions, such as variability reduction testing, SPC, and process simplification, should be defined for processes not achieving necessary levels of reliability.
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CHAPTER 4

PRODUCTION AND OPERATIONAL SUPPORT PHASE
4.1.3.8 EXIT CRITERION- PARTS AND MATERIALS

CHANGES

Test data from all phases of testing, including tests conducted by parts and materials suppliers, should be combined to demonstrate the achievement of six sigma quality levels by parts and materials supplier manufacturing processes.  In addition, test data should be accumulated on critical parameters to validate that variability relative to required tolerances are equal to six sigma.  Plans for corrective action should be developed for parts and materials not complying with these requirements.  Within the constraints of configuration management, the design should be continuously reviewed for simplification and the incorporation of improved technology parts and materials.

4.1.3.9 EXIT CRITERION- LOGISTICS AND CUSTOMER
        

SUPPORT

SUPPORT CHANGES
                    
IMPROVEMENTS

Meeting the performance requirements and satisfying the customer is the goal of this exit criterion.  Satisfaction must be measured both by conformance to performance specification requirements and by direct customer contact.

4.1.4 MANUFACTURING AND DESIGN CHANGE REVIEWS

REVIEW THE




           RESULTS

The supplier must have in place a process for ensuring the continuous review of the exit criteria for Phase Objectives 4.2 and 4.3.  Figure 4-5 defines the entry and exit criteria required for successfully achieving this objective, which includes both internal and customer reviews.  All reviews should have clearly defined entry and exit criteria, an explicit definition of applicable customer requirements, and a demonstration that these requirements are being met. 
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 Figure 4-5. Manufacturing and Design Change Reviews.
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CHAPTER 4

PRODUCTION AND OPERATIONAL SUPPORT PHASE
4.1.5.1 ENTRY CRITERION- MANUFACTURING PROCESS CAPABILITY INDICES

This entry criterion defines the variability of key manufacturing processes in terms of process capability indices or defects per million opportunities.

4.1.5.2 ENTRY CRITERION - PRE-DELIVERY TEST RESULTS

Entry criterion 4.3.4 also serves as an entry criterion here.

4.1.5.3 ENTRY CRITERION – LOGISTICS AND CUSTOMER DATA FEEDBACK

Entry criterion 4.3.5 also serves as an entry criterion here.

4.1.5.4 EXIT CRITERION - PRODUCT IMPROVEMENT PROPOSALS

Among the principal outputs of the Manufacturing and Design Change Review Process are the resultant recommendations for product improvement.  These recommendations may involve product changes that require customer approval if a contractual or configuration change results.

4.1.5.5 EXIT CRITERION- SUPPORT SYSTEM CHANGES PROPOSALS

This exit criterion represents the changes in the customer's support activities.  Such changes may require customer if a contractual change results.

4.2 CONTROL AND AUDIT METRICS

The two control metrics for this phase are the six sigma (Cp = 2.0) manufacturing capability metrics described in Paragraph 3.2, and product performance specification reliability values which should be achieved in the user's environment.  This is supplemented by demonstration of equipment/system level performance at, or above, customer requirements during pre-delivery testing.  The recommended methodology for tracking the achievement of customer requirements, based on pre-delivery testing, is described in Paragraph 2.8, pages 83 through 88, of Report RL-TR-91-300, Volume 1 (of 2), "Evaluation of Quantitative Environmental Stress Screening (ESS) Methods."  The only stipulation regarding this procedure is that all defects and equipment performance anomalies, including design and self-diagnostics errors, be included as part of the database.
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