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Reliability Engineering



Section 1.  Introduction� TC “1.  Introduction” \l1�



The Critical Process Assessment Tools (CPATs) are intended as aids for project officers and project engineers in preparing (1) Requests for Proposals (RFPs), (2) developing source selection standards, (3) performing technical evaluations and fact-finding, and (4) participating in or reviewing contract execution after contract award. The CPATs are applicable to processes that, because of risk, are critical to contract execution. Indeed ... reliability is a critical process for all systems/item development, modification, or even off-the-shelf acquisition ... since reliability requirements must be determined and verified.





1.1  Description of the Reliability Engineering Critical Process

� TC “1.1  Description of the Reliability Engineering Critical Process” \l2�

	The classical definition of reliability is the probability that, when operating under stated conditions, the system or component will perform its intended function adequately for a specified period of time. However, the reliability of many components cannot be expressed as a function of time. For example, munitions, short duration rocket motors, and flashbulbs have one opportunity to operate and they either do or do not. Regardless, reliability is a measurement of goodness usually determined by probabilistic methods.



	The field of reliability has become an important element in designing, developing, procuring and maintaining systems. Techniques for determining and assessing reliability are rooted in efforts to mitigate significant problems with increasingly complex weapon systems deployed during the early 1940s. Today we clearly understand that life cycle costs can be exceedingly high if the reliability of a system is excessive or too low. Hence, the reliability experts begin by conducting cost/benefit trade-off analyses to determine alternative requirements, allocations, and design solutions. Obviously, reliability engineering is an integral part of the systems engineering requirements definition and analyses.





1.1.1  Summary Of the Reliability Process During Each Phase � TC “1.1.1  Summary of the Reliability Process During Each Phase” \l3�



	The reliability processes take various forms and is iteratively applied during the development phases of a system. The process traditionally begins with determining the operational requirements (such as quantitative mission reliability and logistics reliability objectives)  based on the Mission Need Statement during the Determination of Mission Need phase. During the next two phases, Concept Exploration and Definition and Program Definition and Risk Reduction (PDRR), the system design concepts are correlated with operational thresholds. Here, various trade studies may be accomplished to determine achievable reliability goals balanced with cost, schedule, and technical feasibility for each alternative under study. In addition, deployed systems similar to the one under development are studied during this phase to surface operational reliability deficiencies. Those deficiencies are often prevented by changing the operation and support concepts or selecting alternate design concepts. 



	Of course other opportunities to correct or avoid deficiencies occur during the Engineering and Manufacturing Development (EMD) phase. During this phase and prior to detailed design, a number of important reliability related activities take place. Keeping in mind that reliability improvements are more easily and economically accomplished before we commit to a firm design, the reliability engineers are proceeding to complete a series of analyses (such as failure modes, fault tree, parameter design analyses) in concert with the designers, thermal engineers, structural engineers, safety engineers, etc.. At Critical Design Review (CDR), these analyses will have been completed a number of times and at increasing levels of detail. Of course, other reliability processes such as modeling, allocation, and prediction are also evolving during the EMD phase. (More on these and other reliability processes in Section 2.0 and 3.0). The results of the reliability predictions, failure modes, and fault tree analyses are also crucial to determining viability of the operational readiness and supportability requirements. 



	During the EMD phase, we begin the reliability verification efforts. A variety of testing programs are put in place to verify the design reliability. In fact, a multitude of testing programs continue on production items to verify that reliability levels are being maintained during the production phase. Failure reporting and corrective action systems are also in place from early EMD through Production to continue to verify and quantify reliability levels as well as assist in determining product or process improvements. Obviously, the reliability processes and interplay between the reliability engineers and countless others may be significant and often necessary to achieve our reliability objectives while reducing life cycle costs.





1.1.2  Contribution to Mission Success � TC “1.1.2  Contribution to Mission Success” \l3�



	The eventual objective of achieving mission success using complex critical systems can only be achieved by applying comprehensive system engineering, reliability, configuration management, and other disciplines. The processes that these disciplines employ have proven many times in the past to be critical to meeting our cost, schedule, and performance goals. Lets agree up front that we will have a myriad of difficult issues and problems related to requirements definition, design, production, and deployment of almost any new development effort, many types of modifications, even integrating proven off-the-shelf components. If we delay or curtail our efforts in surfacing and resolving these issues and problems at the earliest opportunity, we are often driving the costs up, adding risk to schedule, and increasing the possibility of not meeting our performance objectives. 



	Failures are undoubtedly the most common type of problem that will adversely impact cost, schedule, and performance. There are three ways by which we might surface failures or potential failures: system design analyses (e.g. failure modes analyses, evaluation of similar system performances, simulations); system, subsystem and component testing and inspection (e.g. reliability growth, stress, life testing); and in-service usage. The in-service failures are the least acceptable. They often endanger the safety of operators and maintainers. They are also usually very costly, adversely impact operational readiness, and place additional risk on mission success. For on-orbit satellites, which are inaccessible for repairs, failures may degrade performance, reduce in-service duration, or adversely impact our warfighting capability.



	Launch system and satellite failures are mostly due to design and workmanship inadequacies. Full-scale subsystem design qualification programs for space systems, which might surface these inherent deficiencies, are usually limited because of budget and schedule constraints. For example one full scale firing of a large solid rocket motor may cost more that $100 million and may take many years to plan and execute. Hence, design and workmanship inadequacies are often revealed during the initial flights and operation of our new design satellite and launch vehicles. The arduous task of recovery from failures which occur during deployment and operation of space systems is compounded since the cause of most mission (in-service) failures cannot be identified with certainty. 



	The cost of a mission failure can be extremely high especially for a launch vehicle. Today, many payloads requiring heavy lift capability rely solely on the Titan IV launch vehicle. The cost of a single Titan launch failure may be higher than $1 billion. Recovery costs following a mishap are also significant since failures necessitate redesign and/or process changes. In addition, one launch failure perturbs future scheduled launches for months or years afterwards. Obviously, the preferred methods of revealing and mitigating potential failures on space and launch systems are through analyses and testing during design development.



	It is important to mention that the reliability critical processes identified in this CPAT apply to both hardware and software development.





1.1.3  Relationship to Other Technical Tasks � TC “1.1.3  Relationship to Other Technical Tasks” \l3�



	We have named several reliability processes usually critical to attaining mission success. Requirements definition and analyses are iteratively accomplished since even higher level requirements, based on the mission profile, are susceptible to change as the design evolves to a more detailed level. In addition, trade-offs to meet reliability allocations often impose design constraints which will dictate new safety, test, maintenance, and other requirements. Reliability predictions as well as failure and fault analyses are also tools used to influence the design, identify areas of risk, and surface special new safety, test, maintenance, and other requirements. Each of these tools is iteratively applied through the Concept Exploration and Definition, Program Definition and Risk Reduction (PDRR), Engineering and Manufacturing Development phases.  Each are also excellent tools for risk management during design.
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	Reliability testing serves a twofold purpose. Reliability growth and pre-qualification testing provides opportunities to reveal design and process deficiencies when they are the least costly to fix. These test programs should begin early in the EMD phase and be well underway prior to CDR.  Verification testing is equally important towards achieving our reliability goals. During production, the processes, materials, vendors, and even the design is ever changing. The verification test programs (and field performance data) provide a means to identify and correct problems or provide assurances that reliability requirements are being met. Most, 80 to 90 %, of these verification test requirements (from component quality conformance tests to acceptance tests) are usually identified by CDR.



	Obviously management, system engineering, and specialty engineering play a vital role in meeting our reliability objectives. The types of expertise required and timing of specific efforts toward a task will vary depending upon many factors, e.g., type and complexity of design, mission profile, operational and support resources and constraints, etc.. Table 1 provides common engineering disciplines which are typically integral players to successfully complete the reliability critical processes common to space and launch systems development.





1.2  Structure of the Reliability CPAT

� TC “1.2  Structure of the Reliability CPAT” \l2�



	The Critical Process Assessment Tool (CPAT) concept was developed to help SMC System Program Office (SPO) personnel in understanding the functional processes critical to the performance of a program throughout each phase of the acquisition. The CPATs help focus on the critical processes that must be performed within each acquisition phase to ensure that the space system delivered to the government will meet all mission and supportability requirements. 



	It is the intent of this document to assist the project officer in pre-contract activities such as preparing request for proposal objectives and source selection criteria as well as post-award surveillance of the events in the Integrated Master Plan (IMP). The Reliability CPAT is written such that the reader will be able to go to the level of detail needed to gain an understanding of the subject at hand and apply the information for whatever purpose necessary.

 

	The general structure of this CPAT follows the logic flow shown in figure 1.3.  As an example, the "Critical Process Objectives (Section 2.2)" is arranged under the major headings of: "Reliability Management (FA 4.1.0)", "Reliability Engineering (FA 4.2.0)" and "Reliability Operations (FA 4.3.0)" respectively. The individual objectives then address each of the sub-elements: "Reliability Responsibility (CCA 4.1.1.1)", "Integration/Liaison (CCA 4.1.1.2)" and so on. Likewise, Section 3.0, "Detailed CPAT Criteria and Questions" follows the same format, with relevant factors/criteria and questions listed for each of the 4.X.X.X sub elements.  The reader may use the following figure as an index to find the required critical process and the level of detail required for the task at hand. 
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1.2.1  How to Use the CPAT



This CPAT provides support for reliability engineering.  Other CPATs provide support in program management, logistics, systems engineering, risk management, and so on.  To use the CPATs, you should first review the separate CPAT Overview, the Program Management CPAT, and then the CPAT(s) in your area(s) of responsibility.  You should then merge the data from each CPAT in forming either your inputs to a RFP or the source selection standards or to frame questions to consider during either Tech Eval/Fact-finding or contract execution.  To prepare the proposal preparation instructions in Section L of the RFP, you (or your SPO or SPO cadre) should start with the Program Management CPAT and then merge in the instructions developed using this CPAT (and perhaps others).

 � TC “1.2.1  How to Use the CPAT” \l3�











�The following table is a road map to this CPAT.

If you want support in the following:�Then do the following:��An overview of the reliability engineering critical process.�Read Sections 1.1 while referring to the Concepts & Terms in Appendix A for unfamiliar terms.  Then refer to the Applicable Documents listed in Appendix B.��Determine if reliability engineering is a critical process for an up-coming contract.�Reliability engineering  is a critical process for all systems/item development, modification, or off-the-shelf acquisition since reliability requirements must be determined and verified.��Prepare the reliability engineering inputs for an RFP.�Review Section 1 for background.

To develop the Requirements Document, apply Section 2.1.  

To develop reliability engineering objectives for incorporation into the overall RFP Statement of Objectives (SOO), tailor the objectives in subsection of 2.2 for the program phase you’re preparing for.  

To define data deliverables that are pertinent to reliability engineering and are to be required by the RFP, apply Section 2.3.  

To develop Proposal Preparation Instructions (PPI) pertinent to reliability engineering that will be merged with the starting point developed using the Program Management CPAT, apply Section 2.4.  

To prepare reliability engineering inputs for a Glossary for incorporation as attachments to RFP Section J, see Appendix A.  

To develop source selection criteria pertinent to reliability engineering for incorporating into the RFP Section M, apply the subsection of Section 2.4.5 and 2.4.6 for the program phase for which you’re preparing.��Prepare reliability engineering inputs to the source selection standards.�Tailor the standards in the subsection of Section 2.4.6 for the program phase for which you’re preparing.  ��Prepare for a non-competitive Technical Evaluation (Tech Eval) and Fact-Finding.�Apply the questions in the subsection of Section 3.1 as they apply to the program phase for which you’re preparing.  ��Maintain insight into the contractor’s progress in reliability engineering after contract award.�Apply the questions in the subsection of Section 3.1 as they apply to your program phase.  ��



1.2.2  Concepts and Definitions � TC “1.2.2  Concepts and Definitions” \l3�    See Appendix A



1.2.3  Applicable Documents � TC “1.2.3  Applicable Documents” \l3�    See Appendix B



1.2.4  Additional Support � TC “1.2.4  Additional Support” \l3�  Additional support for reliability engineering is available from SMC/AXME, at (310) 363-2429.

�Section 2.  Application� TC “2.  Application” \l1�



	The previous section provided an introduction to the reliability engineering process for defense acquisition programs as a prelude to providing specific support to project officers and project engineers in preparing critical process objectives and Requests for Proposal (RFP) requirements.





2.1  System Performance Specification or Other Requirements Document  

� TC “2.1  System Performance Specification or Other Requirements Document ” \l2�

	Example specification language is presented below. Of course, you must derive the actual specification requirements from the established operational requirements such as the Operational Requirements Document (ORD).



The ACME launch system mission reliability shall be at least 0.999 at 95% confidence from launch commit to payload separation  (or  from launch commit through collision, contamination avoidance maneuver). 



The ABC satellite system mission reliability shall be at least 0.999 at 95% confidence for a period of 15 years from  payload separation (or from the collision, contamination avoidance maneuver) 



	Schedule dependability,  launch responsiveness, hold requirements, and other launch operations parameters should  also be stated in the system specification -- usually in probabilistic terms. 



	Performance requirements such as accuracies and capabilities are also stated in the system specification often in probabilistic terms and if not met may impact the system level reliability requirements. If this is the case, these parameters should be allocations of the system reliability.





2.2  Critical Process Objectives for the Inclusion in the Statement of Objectives (SOO)

� TC “2.2  Critical Process Objectives for the Inclusion in the Statement of Objectives (SOO)” \l2�

	Before the start of Military Specifications and Standards Reform in June 1994, the work requirements for reliability engineering were usually described in a Statement of Work (SOW) task, written by the government procuring activity, that required compliance with MIL-STD 785B, Reliability Program for Systems and Equipment Development and Production, and  MIL-STD-1543, Reliability Program Requirements for Space and Launch Vehicles, and other reliability engineering related standards.  However, in the current acquisition environment the government supplies a statement of objectives, a requirements document, and asks the offerors to create a statement of work that reflects their internal approach and methods they propose to accomplish the requirements and objectives. 



	Recommended Statement Of Objectives (SOO) language for the reliability process is presented in this section (shown in italics).  In order to determine the appropriate SOO language for your particular RFP, you will need to consider what areas of the reliability process should be emphasized on your program. Considerations include the type of product development, developmental risks, production rates, performance requirements, constraints (design, schedule, costs, logistics, etc.) and many others. To avoid conflicting or overlapping statements, you will probably need to coordinate your inputs with those who are also providing SOO inputs for system engineering, risk management, program control, and the functional areas such as test & evaluation.



	To make developing the  SOO easier, the critical objectives of the reliability process are described for each of the product life cycle phases.  For detailed descriptions of the objectives, you may refer to Recommended Best Practices for Life Cycle Reliability Programs of Space and Launch Vehicle Systems. This document can be found on the Reliability & Maintainability Homepage:

http://sdf.laafb.af.mil~leesera/leese.htm

The order in which the objectives are provided does not imply a priority or sequence of tasks.  On the contrary, the critical objectives common to a life cycle phase are most effective when pursued concurrently. 



Please carefully consider the needs and risks of your particular program.   Tailor your objectives accordingly.





2.2.1  Recommended Statement of Objectives for Concept Exploration and Definition (Phase 0) � TC “2.2.1  Objectives for Concept Exploration and Definition (Phase 0)” \l3�



Structure and implement a reliability program that determines the system level reliability performance requirements,  verifies these requirements can be met, and is an integral part of the systems engineering derivation of  performance and life cycle cost objectives.



2.2.1.1 Reliability Requirements Determination

Through analytical and empirical methods, translate the intended  uses and environments of the system  into system level reliability performance  requirements.



2.2.1.2 Reliability Requirements Implementation

Apply engineering and management methods to ensure that reliability-related technical parameters are quantified, communicated, and understood.



2.2.2.3 Systems Engineering Support/Reliability Program Integration

Integrate the Reliability Program with the system engineering process to ensure that reliability is included in performance trade studies.



2.2.1.4 Reliability Requirements Verification

Derive verification methods that establish the ability of the system to meet system level reliability performance  requirements. Apply these methods to identify and control reliability performance  risks.





2.2.2  Recommended Statement of Objectives for PDRR (Phase I)

� TC “2.2.2  Objectives for PDRR (Phase I)” \l3�

Structure and implement a reliability program that determines the system and subsystem reliability design requirements,  verifies these requirements can be met, and is an integral part of the systems engineering optimization of performance and   life cycle cost objectives.



2.2.2.1 Reliability Requirements Determination

Through analytical and empirical methods, translate the intended  uses and environments, and system level reliability performance requirements into system and subsystem reliability design requirements.



2.2.2.2 Reliability Requirements Implementation

Apply engineering and management methods  to ensure that reliability design requirements are allocated, communicated, understood, and implemented.



2.2.2.3 Systems Engineering Support/Reliability Program Integration

Integrate the Reliability Program with the system engineering process to ensure that risks to product and personnel safety are identified, methods of achieving  product integrity are known, and practical approaches for logistics support are derived. 



2.2.2.4 Reliability Requirements Verification

Derive verification methods that establish the ability of the system and its elements to meet system and subsystem reliability design requirements. Apply these methods to quantify and control reliability design risks.



 

2.2.3  Recommended Statement of Objectives for EMD (Phase II)

� TC “2.2.3  Objectives for EMD (Phase II)” \l3�

Structure and implement a reliability program that determines the detailed reliability design requirements,  verifies these requirements are be met, and is an integral part of the systems engineering implementation of performance, manufacturing and life cycle cost objectives.



2.2.3.1 Reliability Requirements Determination

Through analytical and empirical methods, translate the intended  uses and environments, system and subsystem reliability design requirements, and characteristics of the manufacturing process into detailed reliability design requirements.



2.2.3.2 Reliability Requirements Implementation

Apply engineering and management methods to ensure that reliability design requirements are allocated, communicated, understood, and implemented.



2.2.3.3 Systems Engineering Support/Reliability Program Integration

Integrate the Reliability Program with the system engineering process to ensure that risks to product and personnel safety are identified and controlled,  methods of sustaining product integrity are implemented, and cost effective manufacturing and logistics support processes are  developed.



2.2.3.4 Reliability Requirements Verification

Derive verification methods that establish the ability of the system and its elements to meet system, subsystem, and detailed reliability design requirements. Apply these methods to quantify and control reliability design risks and  manufacturing process variability.





2.2.4  Recommended Statement of Objectives for Production (Phase III) � TC “2.2.4  Objectives for Production (Phase III)” \l3�



Structure and implement a reliability program that is an integral part of the systems engineering, manufacturing, and logistics support achievement and sustainment of the product reliability design requirements.



2.2.4.1 Reliability Requirements Determination

Through analytical and empirical methods, translate the changes in uses, environments, and the manufacturing process into detailed reliability design requirements. 



2.2.4.2 Reliability Requirements Implementation

Apply engineering and management methods to ensure that reliability design requirements are allocated, communicated, understood, and implemented.

.



2.2.4.3 Systems Engineering Support/Reliability Program Integration

Integrate the Reliability Program with the system engineering, manufacturing, and logistics support processes to ensure that risks to product and personnel safety are identified and controlled,  methods of sustaining product integrity during operation are developed and  maintained, and cost effective logistics support  is continuously improved.



2.2.4.4 Reliability Requirements Verification

Derive and implement methods that verify  the operating  system is meeting the product reliability design requirements.





2.3  Deliverables  

� TC “2.3  Deliverables” \l2�



2.3.1  CDRLs and the Data Accession List  



Data requirements are specified in the Contract Data Requirements List (CDRL) which is an annex to the RFP and usually an Exhibit or Attachment to the Statement of Work (SOW) or other tasking document in the contract.  Prior to acquisition reform the detailed requirements for each data item were specified on a DD Form 1423 (or DD Form 1423-1 which can be computer generated).  The contents and format were specified in block 4 of the DD 1423 which usually contained a Data Item Description (DID).  The DID can serve as a guide to creating a specific data requirements in current procurements.

	Current policy is to minimize the number of formal data items required by the contract to those directly required by policy or essential because of program risk.  For each data item that is required, it is recommended that the generic requirements usually found in the DID be tailored to the specific requirements, objectives, and risks of the contract.  The tailoring is usually specified in Block 16 on the DD Form 1423.  In particular, unless otherwise required by law or regulation, it is recommended that the format be tailored to specify that contractor format is acceptable.



	The Program Office may decide that CDRL submittals of reliability documentation are not necessary. However, the need for evaluating contractor documentation to determine contractor capability or status may still exist. In most cases, contractor data accession lists will include such documents as reliability engineering program plans, test plans and procedures, and analyses reports.





2.4  RFP Requirements (Instructions to Offerors & Evaluation Criteria) � TC “2.4  RFP Requirements (Instructions to Offerors & Evaluation Criteria)” \l2�



	The instructions to the offeror will probably request development of the WBS, Statement of Work, Integrated Master Plan, Integrated Master Schedule using the specified performance/requirements documents and the SOOs.



The figure below represents a typical/possible  flow down of the specification requirements to the WBS, to the SOW, and  to the IMP and IMS.



�







2.4.1  The Technical and/or Management Proposal or Presentation, to the Extent Required by the RFP

� TC “2.4.1  The Technical and/or Management Proposal or Presentation Required by the RFP” \l3�

	Recommend use of the language provided in the System Engineering CPAT paragraph 2.4,





2.4.2  The Statement Of Work (SOW)  

� TC “2.4.2  The Statement of Work (SOW)” \l3�

	Describe the scope of work necessary to meet the reliability objectives described in the SOO and satisfy the requirements document.	List compliance and reference documents and specify the extent applicable.

	Define or reference data items to be prepared and/or delivered as part of this effort.





2.4.3  The Integrated Master Plan (IMP)

� TC “2.4.3  The Integrated Master Plan” \l3�

	Recommended instructions are provided below  for developing the IMP and the IMP narrative for Satellite programs. If your program does not seem to fit the typical scenarios presented in this CPAT section,  you may find additional help from the SMC staff reliability OPR in SMC/AXME.



NOTE 1:	The specific aspects requiring narrative discussion are considered “discriminators” or most important reliability aspects for the particular acquisition.  The discriminators will change depending on product type (e.g., nonrepairable satellite versus repairable and large quantity user equipment) and program phase (e.g., concept versus EMD phases). The overall reliability effort will be reflected and evaluated in the context of the overall events, accomplishments/accomplishment criteria, resources planned, and schedules.  Both discriminators and overall reliability processes will usually be used to form an evaluation of whether or not  the offeror has a sound approach with acceptable proposal risk. The discriminators will tend to influence your overall evaluation  more than other aspects just by the fact that they are considered important.



NOTE 2:	The Instructions to the Offerors must be written such that the support and are consistent with the Evaluation Standards.



The following language, in italics, may prove useful in asking for information on the more important aspects of a reliability process in addition to the overall reliability methodology:





2.4.3.1  Recommended IMP Instructions for Satellite Concept Exploration and Definition� TC “2.4.3.1  Recommended IMP Instructions for Satellite Concept Exploration and Definition” \l4�



	Define the processes to be applied for accomplishing the reliability objective(s) listed in the SOO and requirements in the SRD. Offerors shall present in the IMP the events, significant accomplishments, and accomplishment criteria that reflect your internal way of doing business to achieve the reliability requirements. In addition, the narrative should address the following aspects: 



 Identify in the IMP narrative those methods you would use to:

 

	 1. Define system level reliability design requirements.



	2. Verify that the system is capable of meeting the reliability design requirements.



	3. Identify and control reliability design risks.



2.4.3.2  Recommended IMP Instructions for Satellite PDRR

� TC “2.4.3.2  Recommended IMP Instructions for Satellite PDRR” \l4�

	Define the processes to be applied for accomplishing the reliability objective(s) listed in the SOO and requirements in the SRD. Offerors shall present in the IMP the events, significant accomplishments, and accomplishment criteria that reflect your internal way of doing business to achieve the reliability requirements.  In addition, the narrative should address the following aspects: 



 Identify in the IMP narrative those methods you would use to:



	 1. Define system and subsystem level reliability design requirements. Identify and control system and subsystem level functional failure modes which adversely impact mission accomplishment, personnel safety, sustained product integrity, or logistics support. The narrative should present decision making criteria information on which analysis methods you use, and what criteria you use  to decide which  failure analysis method is most effective in identifying  failure modes in relationship to the current status of your design. The information presented should convey an understanding of your process of deciding which analysis is most effective (e.g., cost effective or surfacing failure modes effective)



	2. Verify that the system is capable of meeting the reliability design requirements. Determine reliability verification requirements to support the analytical outputs and reliability growth.



	3. Identify and control reliability design risks. Collect problem data (from all sources) and feed back results into the iterative system engineering processes to effect design changes or other mitigating conditions that improve the reliability of the system.  Your narrative on your data collection process should address methods of problem recording,  analyses,  corrective plans, validation of actions taken and problem close out  methods.





2.4.3.3  Recommended IMP Instructions for Satellite EMD� TC “2.4.3.3  Recommended IMP Instructions for Satellite EMD” \l4�



	Define the processes to be applied for accomplishing the reliability objective(s) listed in the SOO and requirements in the SRD. Offerors shall present in the IMP the events, significant accomplishments, and accomplishment criteria that reflect your internal way of doing business to achieve the reliability requirements.  In addition, the narrative should address the following aspects: 



 Identify in the IMP narrative those methods you would use to:

 

	1. Define system, subsystem, and detailed level reliability design requirements. Identify and control failure modes and Single Point Failure Modes (SPFMs) which adversely impact mission accomplishment, personnel safety, sustained product integrity, or logistics support. The narrative should present decision making criteria information on which analysis methods you use, and what criteria you use  to decide which  failure analysis method is most effective in identifying  failure modes in relationship to the current status of your design. The information presented should convey an understanding of your process of deciding which analysis is most effective (e.g., cost effective or surfacing failure modes effective)



	2. Verify that the system is capable of meeting the reliability design and manufacturing requirements. Determine reliability verification requirements to support the analytical outputs and reliability growth.



	3. Identify and control reliability design risks. Collect problem data (from all sources) and feed back results into the iterative system engineering processes to effect design and manufacturing process changes or other mitigating conditions that improve the reliability of the system.  Your narrative on your data collection process should address methods of problem recording,  analyses,  corrective plans, validation of actions taken and problem close out  methods.



	4. Identify and control critical items which are difficult to manufacture, are adversely impacted during transportation, handling, and storage, are age sensitive or are otherwise conditionally prone to failure. 





2.4.3.4  Recommended IMP Instructions for Satellite Production� TC “2.4.3.4  Recommended IMP Instructions for Satellite Production” \l4�



	Define the processes to be applied for accomplishing the reliability objective(s) listed in the SOO and requirements in the SRD. Offerors shall present in the IMP the events, significant accomplishments, and accomplishment criteria that reflect your internal way of doing business to achieve the reliability requirements.  In addition, the narrative should address the following aspects: 



 Identify in the IMP narrative those methods you would use to:

 

         1. Define system, subsystem, and detailed level reliability design requirements as a result of engineering changes. Identify and control failure modes and Single Point Failure Modes (SPFMs) which adversely impact mission accomplishment, personnel safety, sustained product integrity, or logistics support. The narrative should present decision making criteria information on which analysis methods you use, and what criteria you use  to decide which  failure analysis method is most effective in identifying  failure modes in relationship to the current status of your design. The information presented should convey an understanding of your process of deciding which analysis is most effective (e.g., cost effective or surfacing failure modes effective)



	2. Verify that the system meets the established reliability design and manufacturing requirements.



	3. Verify that the system is capable of meeting the reliability design and manufacturing requirements impacted by engineering changes. Determine reliability verification requirements to support the analytical outputs.



	4. Identify and control reliability design risks. Collect problem data (from all sources) and feed back results into the iterative system engineering processes to effect design changes or other mitigating conditions that improve the reliability of the system.  Your narrative on your data collection process should address methods of problem recording,  analyses,  corrective plans, validation of actions taken and problem close out  methods.



	5. Identify and control critical items which are difficult to manufacture, are adversely impacted during transportation, handling, and storage, are age sensitive or are otherwise conditionally prone to failure. 





2.4.4  The Integrated Master Schedule (IMS)

� TC “2.4.4  The Integrated Master Schedule” \l3�

	Recommend use of the language provided in the System Engineering CPAT paragraph 2.4





2.4.5    Evaluation Criteria (Section M)

� TC “2.4.5  Evaluation Criteria (Section M)” \l3�

	The Government will perform detailed evaluations on each proposal submitted in accordance with the Section L instructions. Each offeror’s proposal will be evaluated against specified areas and general considerations. The areas and general considerations will be ranked in importance as a factor for contract award. It is difficult to recommend appropriate areas of evaluation for any particular acquisition without consideration of the program goals, risks, constraints, etc.. Regardless, reliability is usually rated as significant in importance but is usually not identified as an area. 



	Your program may decide on Reliability Engineering factors with Systems Engineering as the area for evaluation. Consideration should also be given to include reliability related factors under designated areas such as Program Management, Risks & Mitigation, Test & Evaluation, etc.. If your program has decided not to designate a Reliability Engineering area, the recommended reliability related factors listed below may still be applicable. You will simply need to determine under which areas they are to be inserted. 





2.4.5.1  Factors for Concept Evaluation and Definition, PDRR, EMD

� TC “2.4.5.1  Factors for Concept Evaluation and Definition, PDRR, EMD” \l4�

	Area: 	 Systems Engineering



	Factor:  Compliance of the proposed design with the reliability related requirements

	

	Factor:  Reliability Engineering process for achieving the objectives provided in the 				SOO and the reliability IMP Narrative Instructions

	

	Factor:  Data available and accessible for providing insight into the reliability 					engineering process and the evolving design



	If the reliability engineering objectives are not included in the SOO, then it is recommended that the applicable objectives of Section 2.3 of this CPAT be merged into the second factor either directly or as an elaboration on the assessment criteria, e.g., soundness of approach.





2.4.5.2  Factors for Production

� TC “2.4.5.2  Factors for Production” \l4�

	Area: 	 Systems Engineering



	Factor:  Compliance of the design and manufacturing process with the reliability related 				requirements

		

	Factor:  Reliability Engineering process for achieving the objectives provided in the 				SOO and the reliability IMP Narrative Instructions

	

	Factor:  Data available and accessible for providing insight into the reliability 					engineering process



2.4.6  Source Selection Standards  � TC “2.4.6  Source Selection Standards” \l3�



	Once the proposals are received, they are compared to the standards (not to each other). Each Standard consists of a Header that corresponds to the Area, a Description, and a Criterion or Criteria for each factor.





2.4.6.1  Source Selection Standards for Concept Evaluation and Definition

� TC “2.4.6.1  Source Selection Standards for Concept Evaluation and Definition” \l4�

	Reliability Standard



	Description:  Evaluation will be made of the adequacy and completeness of the proposed management organization to control and coordinate the work to be performed. Specifically, evaluation will be made of the approach to an integrated execution of the effort.  Describe the integration of Reliability Engineering into the critical program processes to yield a balanced system design consistent with life cycle cost objectives.



	Description:  Evaluation will be made of the offeror’s approach and thoroughness in defining reliability design requirements and verifying compliance of the proposed design with the system level reliability requirements.



	Description:  Evaluation will be made of the offeror’s approach and thoroughness in identifying, prioritizing, and addressing the significant internal and external program risks associated with reliability.



	Standard: The standard is met when the offeror  provides a sound, compliant approach which meets the requirements of the specification and as a minimum effectively integrates the reliability engineering objectives in the SOO and the reliability IMP Narrative Instructions.



 

2.4.6.2  Source Selection Standards for PDRR

� TC “2.4.6.2  Source Selection Standards for PDRR” \l4�

	Reliability Standard



	Description:  Evaluation will be made of the adequacy and completeness of the proposed management organization to control and coordinate the work to be performed. Specifically, evaluation will be made of the approach to an integrated execution of the effort.  Describe the integration of Reliability Engineering into the critical program processes to yield a balanced system and subsystem design consistent with life cycle cost objectives.



	Description:  Evaluation will be made of the offeror’s approach and thoroughness in defining reliability design requirements and verifying compliance of the proposed design with the system and subsystem level reliability requirements.



	Description:  Evaluation will be made of the offeror’s approach and thoroughness in identifying, prioritizing, and addressing the significant internal and external program risks associated with reliability.



	Standard: The standard is met when the offeror  provides a sound, compliant approach which meets the requirements of the specification and as a minimum effectively integrates the reliability engineering objectives in the SOO and the reliability IMP Narrative Instructions.



For the Statement Of Objectives (SOO), see paragraph  2.3 of this CPAT.





2.4.6.3  Source Selection Standards for EMD

� TC “2.4.6.3  Source Selection Standards for EMD” \l4�

	Reliability Standard



	Description:  Evaluation will be made of the adequacy and completeness of the proposed management organization to control and coordinate the work to be performed. Specifically, evaluation will be made of the approach to an integrated execution of the effort.  Describe the integration of Reliability Engineering into the critical program processes to yield a balanced system, subsystem, and detailed  design consistent with life cycle cost objectives.



	Description:  Evaluation will be made of the offeror’s approach and thoroughness in defining reliability design and manufacturing requirements and verifying compliance of the proposed design with the system, subsystem, and detailed level reliability requirements.



	Description:  Evaluation will be made of the adequacy and completeness of the proposed risk mitigation program. Specifically, evaluation will be made of the offeror’s approach and thoroughness in identifying, prioritizing,  and addressing the significant internal and external program risks associated with reliability such as identification, control, and mitigation of failure modes and critical items.  [This Description must be compatible with those of Risk Management. Refer to the Risk Management CPAT.] 



	Standard: The standard is met when the offeror  provides a sound, compliant approach which meets the requirements of the specification and as a minimum effectively integrates the reliability engineering objectives in the SOO and the reliability IMP Narrative Instructions.



For the Statement Of Objectives (SOO), see paragraph  2.2 of this CPAT.





2.4.6.4  Source Selection Standards for Production� TC “2.4.6.4  Source Selection Standards for Production” \l4�

	

	Reliability Standard



	Description:  Evaluation will be made of the adequacy and completeness of the proposed management organization to control and coordinate the work to be performed. Specifically, evaluation will be made of the approach to an integrated execution of the effort with the manufacturing and logistics support processes to maintain the established reliability.



	Description:  Evaluation will be made of the offeror’s approach and thoroughness in defining verification methods that establish and maintain the ability of the production system to meet the manufacturing requirements.



	Description:  Evaluation will be made of the adequacy and completeness of the proposed risk mitigation program. Specifically, evaluation will be made of the offeror’s approach and thoroughness in identifying, prioritizing,  and addressing the significant internal and external program risks associated with reliability such as identification, control, and mitigation of failure modes and critical items.  [This Description must be compatible with those of Risk Management. Refer to the Risk Management CPAT.] 



	Standard: The standard is met when the offeror  provides a sound, compliant approach which meets the requirements of the specification and as a minimum effectively integrates the reliability engineering objectives in the SOO and the reliability IMP Narrative Instructions.



Section 3.  Detailed CPAT Criteria and Questions  � TC “3.   Detailed CPAT Criteria and Questions” \l1�



	The critical process evaluation method applied in this CPAT has, in part, been adapted from that used in AFMC Pamphlet 63-103, 15 June 1994, Software Development Capability Evaluation. The purpose is to effectively evaluate the contractor’s reliability engineering and management capability before contract award and during contract execution.





3.1  Technical Evaluation (Tech Eval)/Fact-Finding Review Questions� TC “3.1  Technical Evaluation (Tech Eval)/Factfinding Review Questions” \l2�

	

	Upon receipt of the proposal, you will begin an analysis of the effort, approach, and costs that relate to reliability and probably a number of other areas as well. This thorough technical evaluation of the proposal is an essential first step. Following this initial review, you will likely need the opportunity to (1) obtain an full understanding of your area(s) of the proposal, (2) discuss differences in contractor proposal details and your analysis, and (3) discuss with the contractor your specific areas of concern. This “Fact-Finding” is usually accomplished at the contractor’s facility. Your role as a technical evaluator of specialized areas is to provide a comprehensive and substantiated evaluation for the technical evaluator team lead. (You may also happen to be the team lead.) 



	You will summarize your findings  for inclusion into the Technical Evaluation Report. This report will form a basis for negotiations. (See the Program Management CPAT for recommended elements of a technical evaluation.)



	- Summarize the proposed effort, unique costs, unique technical aspects.

	- Summarize the proposed hours.

	- Summarize your recommended hours

	- Explain your disallowed hours -- establish sound, well documented technical justification.



Often a range of reasonableness is established with highs and lows. The highs denote minimal risk to the contractor and lows assume greater risks to the contractor. However, we need to also consider technical and schedule risks to the government and the contractor. These technical and schedule risk considerations include such things as design complexity, design stability, prior experience, etc.. Of course, risk mitigation goes hand-in-hand with the appropriate mix of reliability studies, analyses, tests, demos and how the results are applied to the design, development, and production of the proposed system or item.



	The technical analysis, fact-finding, and technical report will usually consume a significant amount of your time.  The approaches to evaluating and preparing for contractor selection and negotiations vary. The common thread in this process is the evaluation of the proposal against Section L of the RFP, Proposal Prep Instructions. This includes the SOO which you had referenced in Section L. Critical Capability Areas (CCAs) and questions for each CCA (reliability functional area) follow. They are generic in nature and are intended to identify typical reliability capabilities and capacities for successful development and production of mission critical systems.  



�� 





�

FA 4.1.0  RELIABILITY MANAGEMENT 

CCA 4.1.1  Organization

CCA 4.1.1.1  RELIABILITY Responsibility



C1  Reliability organizational elements, key personnel, assigned responsibility, budgetary and fiscal constraints, authority and accountability for planning, performance, and tracking are identified/updated.   Q1, Q2, Q3

C2  The reliability engineering  and management functions are consistent with the overall system engineering organizational structure.   Q1



Q1  Are the support functions to the system engineering and subcontractor/supplier reliability engineering activities identified?

Q2   Are reliability engineering organizational responsibilities assigned for the allocation of reliability performance and test requirements (as driven by the System Technical Requirements Document and derivation of design from the System Specification to the Product/Configuration Item Specification)?

Q3  Is the reliability engineering organization structured such that all reliability effort (from development, design, test, production through operations and maintenance support) is assigned to specific reliability elements?





FA 4.1.0  RELIABILITY MANAGEMENT

CCA 4.1.1  Organization

CCA 4.1.1.2  Reliability Integration/Liaison



C1 Reliability engineering is closely aligned and integrated with system engineering, system program management and the Integrated Product Teams (including the other disciplines of component engineering, human factors, maintainability, safety, environmental, producibility, test, electromagnetic compatibility, cost, scheduling, etc.).   Q1, Q2, Q3, Q4, Q6

C2  Interfaces between the contractor reliability engineers and the appropriate external agencies are established (AFOTEC, Using Command, Logistics Support Centers).   Q1, Q6



Q1  Does the engineering process effectively integrate reliability engineering with logistics support capability (maintenance, personnel & training, support equipment, facilities, etc.) and safety into the design effort to improve total system performance and reduce the overall life-cycle costs? 

Q2 Is reliability support provided to logistics engineering? Is the logistics analysis supported with the failure modes analyses results? Has the contractor considered the effects of functional testing, storage, handling, packaging, transportation, and maintenance?

Q2  Is the reliability process integrated with the human factors critical process to achieve the required level of reliability of personnel and equipment combinations?

Q3    Does the contractor integrate the results of the reliability predictions, reliability failure analyses, human factor’s error analyses, and safety analyses and others to identify areas of risk, influence the design, and augment the logistic support analysis?

Q4    Has the contractor established a Parts, Materials, and Processes (PMP) selection and control program?   Does the contractor coordinate, plan, and accomplish  the parts, materials, and processes selection in concert with the reliability program. to achieve the reliability objectives?  Does the contractor have reliability engineering representation on parts working groups and parts review boards.?

Q6  Does a  central technical organization exist for implementing and monitoring a failure reporting and corrective action system?





FA 4.1.0  RELIABILITY MANAGEMENT

CCA 4.1.2  Planning

CCA 4.1.2.1  Reliability Task Planning



C1  Plan and implement reliability engineering as an integral part of the systems engineering process and closely align with the other disciplines of component engineering, reliability, maintainability, safety, environmental, producibility, test, electromagnetic compatibility, cost, scheduling, etc..   Q1, Q2, Q3, Q5, Q7, Q8

C2  Management planning processes  include specific planning details to account for the proposed reliability engineering methodologies selected.   Q2, Q3, Q4, Q5

C3  An integrated Contract Work Breakdown Structure (CWBS) is generated that includes the appropriate level of reliability engineering.   Q9, Q10, Q11, Q17

C4  Reliability engineering work packages are defined and used.   Q12, Q13, Q14, Q15, Q16, Q17

C5  Document procedures to evaluate subcontractor’s capability and capacity to conduct an effective reliability program effort.   Q18, Q28

C6  Manage the subcontractor development.   Q19, Q20, Q25, Q28

C7  Include subcontracted reliability engineering in the reliability engineering planning process.   Q21, Q22, Q23, Q24, Q26, Q27



Q1  Does planning include the necessary reviews, accountability, status assessment, schedule control and reporting to manage the reliability technical activities throughout all the program phases leading to the definition of the system/product requirements baseline?

Q2  Does planning include personnel qualifications, quantities, skill types, need dates, and required training?

Q3  Does planning include a series of technical and management reviews with associated completion criteria that is used to control the total reliability engineering progress? 

Q4  Does the planning identify the reliability program tasks and how they meet the reliability program requirements?

Q5  Does the planning include scheduled program technical reviews to assess progress in meeting reliability requirements and to validate the requirements verification?

Q6  Does the planning include program status reviews to assess scheduling and budgeting requirements.

Q7  Is the planning sensitive to “lessons learned” on past programs?

Q8  Are visible policies and practices established which reflect the importance of designing for supportability as an integral part of all design efforts?

Q9  Has the contractor identified, in the proposed CWBS and internal CWBS generation procedures, the reliability engineering elements to levels that support reliability program management visibility and are compatible with cost reporting and program requirements?

Q10  Has the contractor identified, in the proposed reliability CWBS and internal CWB  generation procedures, how the CWB links with and traces to the work definition system down to and including the discretely defined reliability tasks for the life of the program?

Q11  Does the reliability engineering process have a mutually consistent and integrated CWBS, work definition, scheduling, and cost tracking system and are they used as the basis for reliability program status and control?

Q12  Is the process for defining reliability engineering work packages documented, including schedules and manpower allocations? This process includes rules and criteria for formulating reliability engineering work packages.

Q13  Is the reliability engineering work package used to manage the work and form the basis for cost performance reporting? (The cost performance reporting  system includes all of the reliability engineering tasks and activities.)

Q14  Are planned and actual effort expenditures included in the reliability engineering work packages?

Q15  Are completion milestones, with associated criteria scheduled consistent with program requirements (e.g. CPR and C/SCSC) in the reliability engineering work packages?

Q16  Is the scheduling information contained in the reliability engineering work packages integrated with the overall program scheduling system?

Q17  Is the CWBS and work package definition system correlated with the system engineering  and reliability engineering.?

Q18  Is the process which specifies and controls the subcontractor’s reliability engineering performance requirements, interfaces, deliverables and product testing defined?

Q19  Does the contractor conduct periodic management and technical reviews to address subcontractor reliability engineering progress? Are the reviews and results reflected in the program’s planning and management documents?

Q20  Is the subcontractor management process integral to the system program management process? Does it provide integrated reporting and control of the subcontractor reliability engineering activities consistent with the program’s management control system?

Q21  Does the contractor have a documented process which requires reviewing and assessing the technical content of subcontractor generated design information and documentation?

Q22  Is the subcontractor developed equipment included into the reliability test and verification process? Is the subcontractor reliability test and verification management and results incorporated into the overall hierarchical test process?

Q23  Is the subcontractor’s defined reliability program cost status and reporting system compatible with the program cost status and reporting requirements?

Q24  Are the subcontractor program level reliability program plan requirements and process requirements consistent with the prime’s reliability program planning?

Q25   Are subcontractor reliability program  plans reviewed and approved? Are the subcontractor’s equipment reliability, testing, interfaces, and program deliverables requirements specified? Is a process established which reviews and assesses the technical content of subcontractor generated design information and documentation?

Q26  Are the program’s development standards and procedures applied to subcontractor development efforts or are the subcontractor standards and procedures used and compatible with the program’s development processes?

Q27  Are the program’s reliability program requirements and documentation approach levied on subcontractor reliability engineering activities.

Q28  If award fees or incentives are established for subcontractor reliability, are measurable award fee or incentive criteria established?





FA 4.1.0  RELIABILITY MANAGEMENT

CCA 4.1.2  Planning

CCA 4.1.2.2  Reliability Task Scheduling



C1  Establish reliability program schedules in sufficient detail to maintain visibility and control of the reliability engineering process including any planned additional efforts.   Q1

C2  Define a process to maintain consistent reliability program schedule information and its interfaces with disciplines including engineering, management, and the Cost Performance Reporting System.   Q1, Q2

C3  Integrate the scheduling information contained in the reliability engineering work packages with the overall program scheduling system.   Q3,  Q4



Q1  Are the program’s reliability engineering scheduling, status system, and proposed schedules consistent and integrated with the Integrated Master Plan (IMP) and the program system level schedules, and other program planning documents (as appropriate)?

Q2  Is the proposed schedule duration for reliability engineering and integration consistent with effort to be accomplished as estimated with established estimating models and the offeror’s historical data?

Q3  Do the lowest level reliability engineering schedules include task, phase, and milestone definitions that are consistent with the reliability program work definition packages?

Q4  Are completion milestones established with the associated criteria. Are they consistent with program requirements (e.g. CPR and C/SCSC) in the reliability engineering work packages?





FA 4.1.0  RELIABILITY MANAGEMENT

CCA 4.1.3  Control

CCA 4.1.3.1  Reliability Task Authorization



C1  Responsibility for control of all reliability engineering activities is established within the program organization, including subcontracted activities (See subcontractor elements under CC 4.1.2.1 Task Planning).

C2  Reliability engineering participates in the decision processes of the Engineering Change Review, Material Review, Failure Review and Corrective Action Review Boards. 





FA 4.1.0  RELIABILITY MANAGEMENT

CCA 4.1.3  Control

CCA 4.1.3.2  Reliability Task Status



C1  The contractor has established system(s) to adequately status reliability tasks.



Q1  Does planning include the necessary reviews, accountability, status assessment, schedule control and reporting to manage the reliability technical activities throughout all the program phases leading to the definition of the system/product requirements baseline? 

Q2  Does planning include a series of technical and management reviews with associated completion criteria that is used to control the total reliability engineering progress?

Q3  Does the reliability engineering process have a mutually consistent and integrated CWBS, work definition, scheduling, and cost tracking system and are they used as the basis for reliability program status and control? 

Q4  Does adequate contractor management and engineering visibility exist into subcontractor reliability tasks? Are periodic subcontractor reviews accomplished? 





FA 4.1.0  RELIABILITY MANAGEMENT

CCA 4.1.4  Risk Management

CCA 4.1.4.1  Reliability Risk Identification



C1  Identify program risks associated with critical reliability elements that have a significant impact on readiness, life-cycle costs, schedule, performance, or safety. 



Q1 Are the appropriate reliability analytical techniques performed at earliest opportunity to influence design alternatives when they are the least costly (e.g. failure modes analyses, thermal analysis, sneak circuit analysis, top down fault tree analyses, parameter design analyses.)?

Q2  Has the contractor identified through detailed analyses and tests, the critical performance factors and parameters that impact reliability (Examples of such key parameters are reliability, failure free operating hours (FFOH), mission profile, single point failure  (SPF), failure rate,  mean-time-between-failure(MTBF), mean-time-between-maintenance-actions (MTBMA), design margin (operating below rated stress values), service life, item levels)?

Q3  Has the contractor evaluated field performance data on off-the-shelf elements (with similar operational environment) that will make up a significant portion of the new design.

Q4  Is the element operation, duty cycle, and fault tolerance accurately reflected in the reliability model?

Q5  Has the contractor  planned and implemented system, subsystem, and component testing (reliability growth, stress, life?

Q6  Are the reliability allocation and prediction initiated early in the design and applied iteratively to influence the design and mitigate risks? (See CCA 4.2.1 Requirements)	

Q7  Has the contractor documented rationale for  the selection and prioritization of identified risks?

Q8  Has the contractor identified the capabilities and limitations of the system operators, testers, and maintainers that may impact reliability?





FA 4.1.0  RELIABILITY MANAGEMENT

CCA 4.1.4  Risk management

CCA 4.1.4.2  Reliability Risk Mitigation



C1  Reduce/eliminate program risks associated with reliability critical factors and parameters that have a significant impact on readiness, life-cycle costs, schedule, performance, or safety.     Q1, Q2, Q3, Q4

C2  Specific criteria in the risk management planning is applicable to each risk reduction activity. (These criteria define, for each activity, the condition under which each risk reduction activity is exercised.)   Q5



Q1  Are the critical paths and tasks in the reliability program and associated schedules being monitored?

Q2  Are the risk management strategies (consistent with the program’s cost, schedule and performance baselines) implemented?

Q3  Has the contractor initiated reliability allocation and prediction of hardware, software, and personnel interfaces early in the design and applied the results to influence the design and mitigate risks? (See CCA 4.2.2 Analysis)

Q4  Are the risks managed in a proactive and process oriented manner? Are they mitigated by means of analytical methods, demonstrations, etc.? Has the contractor determined the appropriate level and extent of reliability analyses and tests? (See CCA 4.2.2 Analysis)

Q5  Does the contractor track metrics for specific program reliability risk reduction actions? To establish a controlled manufacturing process, are the indices for defect prevention of the manufacturing process defined, and are the process control factors, and their corresponding levels associated with minimum variance, identified?





FA 4.2.0  RELIABILITY ENGINEERING

CCA 4.2.1  Requirements

CCA 4.2.1.1  Review/Allocation



C1  Through analytical and empirical methods, the intended  uses and environments of the system are translated into system level reliability performance requirements.    Q1

C2 Operational constraints relating to reliability such as mission criticality, attended or unattended operation, operational environment, maintenance constraints are identified.   Q2, Q3

C3  Measurable quantitative and qualitative reliability related requirements are established, included in the technical requirements documents and the product specifications, and track to the user needs.   Q4, Q5

C4  Reliability engineering is an integral part of the systems engineering requirements identification and analyses process of executing, checking results, maintaining traceability, taking action on the definition, allocation, analyses, and  traceability of quantitative and qualitative reliability requirements. If there is a deviation between the desired and actual result, the cycle time is repeated until the deviation is reduced to zero.   Q6, Q7



Q1  Are the system design concepts correlated with operational thresholds?  Are the life and mission profile established to identify stated conditions and duration of expected failure free performance? Has the contractor defined the baseline probability of mission success and system restore time?

Q2  Are the necessary trade studies accomplished to determine achievable reliability goals balanced with cost, schedule, and technical feasibility for each alternative under study?

Q3  Have deployed systems similar to the one under development been evaluated for operational reliability deficiencies? (Deficiencies are often prevented by changing the operation and support concepts or selecting a more robust design concepts.)

Q4  Are the processes in place to adequately capture the requirements into a functional baseline, that is, in an approved specification or other requirements document? Does the contractor apply reliability considerations in all instances of operation including the human interface with the hardware and software?

Q5  Have numeric reliability requirements been allocated among the subsystems and components to establish a hierarchy of requirements for the designers to select the appropriate components, processes, and design alternatives to meet the system level design requirements?

Q6  Are predictions established on how the hardware, software, and  human elements are going to perform? Do the predictions agree with the allocated requirements?

Q7  Are trade-offs to meet reliability requirements which impose unnecessary design constraints that dictate new safety, test, maintenance, and other requirements avoided?





FA 4.2.0  RELIABILITY ENGINEERING

CCA 4.2.1  Requirements

CCA 4.2.1.2 Traceability/Change Control



C1  The detailed reliability requirements, expressed as Technical Performance Measurements (TPMs) specific to the system under acquisition, are derived and track from system/subsystem level requirements, such as those stated in the System Specification. (Examples of key TPM parameters are end-of-mission reliability, failure free operating period (FFOP), mean-time-between-failures (MTBF), failure rate, number of successes/cycles, level of fault tolerance, percentage of fault detection, and design life.)   Q1

C2  The reliability requirements are identified and track for reliability test and evaluation.   Q2, Q3



Q1  Does the contractor maintain control and traceability of quantitative and qualitative reliability?

Q2  Are reliability test requirements are flowed down to the program’s test & evaluation planning?

Q3  Are reliability test requirements included in the program’s resource and schedule planning?





FA 4.2.0  RELIABILITY ENGINEERING

CCA 4.2.2  Analyses

CCA 4.2.2.1  Modeling & Prediction



C1  The reliability models reflect the system configuration, its modes of operation, relationships among functional elements, implementation of fault tolerances, and operational duty cycles.   Q1, Q2

C2  The reliability model expresses the relationship among system functional elements and is applied to obtain reliability predictions.   Q4

C3  Reliability allocations and predictions are initiated early in the design and applied iteratively to influence the design and mitigate risks.   Q3, Q4, Q5, Q6, Q7



Q1  Does the contractor apply the modeling for analysis of functional elements and their contribution to the total.

Q2 Has the contractor evaluated various models and selected the one most suitable to the system being developed?

Q3  Are reliability predictions used to influence the design, identify areas of risk, and surface special new safety, test, maintenance, and other requirements? Is the degree of uncertainty, associated with the reliability estimates produced by the prediction process, addressed?

Q4  Are the limitations involved in quantifying and applying the reliability estimates produced by the prediction process,  identified and understood? (e.g., a mission critical ASIC device may have an known inherent process defect rate in addition to its known inherent operating reliability.  In this case, the process defect rate is mitigated by functional testing in order for reliability predictions to be valid.)

Q5  Are the reliability estimates produced by the prediction process interpreted and assessed for their proper application, e.g., relevance to reliability performance requirements; verifying quantitative requirements; establishing threshold requirements; identifying areas of designed-in reliability risk; surfacing the need for special safety, test, maintenance, or other reliability-related requirements; and comparing the reliability of different designs?

Q6   Does the contractor use these predictions as a measure of the design progress, to reveal design weaknesses, and to reduce the likelihood of costly test and mission failures? Does the contractor verify that quantitative mission requirements are achievable via predictions analyses? Does the contractor use the mission profile, failure rate sources, models, and duty cycles in the predictions analysis? Does the contractor consider operating temperatures to predict failure rates? Are part stress levels used to predict failure rates? Is continuos process improvement part of the reliability critical process? (Modeling, allocations and predictions is an iterative process of continually assessing and improving the design, test, and production of space and missile systems.)

Q7  Do the reliability allocations compare favorably with the predictions?

Q8  Does the contractor use known or estimated reliability predictions and analyses on items such as government furnished equipment/software, of-the-shelf, or directed source hardware/software which are to be integrated into the end item? Has the contractor identified reliability related problems introduced by inclusion of such items?





FA 4.2.0  RELIABILITY ENGINEERING

CCA 4.2.2  Analyses

CCA 4.2.2.2  Analyses



C1 The appropriate levels and types of reliability analyses are performed to achieve system life-cycle objectives.   Q4

a. If the development effort is minimal, non-complex and the end item is non-critical, the requirements for reliability analyses may be minimal. 

b. If the development effort is extensive and the end item is critical or complex, the contractor will iteratively accomplish the appropriate comprehensive mix of analyses to identify and correct weaknesses as the design progresses.

C2  Operational and maintenance data is evaluated on GFP and off-the-shelf elements (with similar operational environment) that will make up a portion of the new design.

C3  Actual field operational and maintenance data is evaluated on similar systems (and similar operational environments).

C4  Analytical techniques are employed at earliest opportunity to influence design alternatives when they are the least costly.   	Q1, Q2, Q3, Q4, Q5



Q1  Are the failure analyses performed with the human factors engineers and designers to determine potential personnel and equipment related failure mode?

Q2  Has the reliability engineers joined with the maintainability specialists, logisticians, safety (and others) in translating the results of the failure analyses, maintainability  analysis, logistic support analyses, safety analyses, and life cycle cost studies into appropriate maintenance actions?

Q3  Are the analyses proceeding through an iterative process of evaluation, design changes, and reevaluation through the systems development phase?

Q4  Are the appropriate reliability analytical techniques employed at earliest opportunity to influence design alternatives when they are the least costly? 

These analytical techniques may include:

a. Failure Modes Analyses.   Are failure modes analyses used to identify single point failure modes and eliminate or control their effects? Does the contractor conduct functional, hardware, interface, Line Replaceable Unit (LRU), and physical product design failure modes analyses? Are the failure modes analyses results used to support the logistics analysis? Does the contractor include the failure rate contribution for each LRU for the purposes of logistics analyses?

b. Design Concern Analysis (DCA).  (DCA identifies design weaknesses which can manifest themselves as failures or degraded performance during the useful life of the system.)

c.  Thermal Analyses.  Are adequate cooling techniques are being used? Do the designers place the heat dissipating parts away from heat sensitive parts? Does the contractor factor temperature results of analysis into the reliability analyses? Are temperature and electrical dissipation data passed to reliability engineering for factoring into the reliability analyses?

d.  Fault Tree Analysis (accomplished to identify effects of faults on system performance using a top down approach)

e.   Sneak Circuit Analyses.  Are system failures which are not caused by part failures identified? Are unexpected logic flows revealed that may produce undesired results?  Are design oversights exposed that may create conditions of undesired operation?

f.  Worst Case Analyses.  (Evaluates circuits for tolerance to drift and simultaneous existence of all unfavorable tolerances.)

g.  Reliability Critical Items Analyses. Does the contractor identify and control items which require special attention because of complexity, application of state-of-the-art techniques, anticipated reliability problems, or impact of potential failure on safety, readiness, and mission success?

Q5  Does the contractor integrate reliability engineering analyses with those of human factors, safety, logistics support, quality assurance, producability, and others into the design effort to improve total systems performance and reduce costs? Are the results of the reliability predictions, reliability failure analyses, human factor’s error analyses, safety analyses and others used to identify areas of risk, influence the design, and augment the logistic support analysis?





FA 4.2.0  RELIABILITY ENGINEERING

CCA 4.2.3  Information Management

CCA 4.2.3.1  Information Architecture



Typically, the following categories of information is retrieved/generated:



C1  IMP, IMS, ITAMP/SOW, ORD, program plans, performance documents, contractor design requirements documents, specifications, drawings.

C2  Operational and maintenance data on off-the-shelf elements (with similar operational environment) that will make up a portion of the new design.

C3  Actual field operational and maintenance data of similar systems (with similar operational environments).

C4  Test/demo plans and results, test/inspection failure data, trend analyses and analytical conclusions.

C5  Field failure data and maintenance/repair records (including field study results, analytical conclusions) of deployed system.





FA 4.2.0  RELIABILITY ENGINEERING

CCA 4.2.3  Information Management

CCA 4.2.3.2  Information Maintenance



C1  Contractor frequently updates the data identified in 4.2.3.1. (Except ORD)

C2  Reliability model is periodically updated as a result of analytical conclusions from tests, demonstrations, and maintenance/repair information.





FA 4.2.0  RELIABILITY ENGINEERING

CCA 4.2.4  Monitoring

CCA 4.2.4.1  Meetings



C1  Conduct program technical reviews to assess progress in meeting system reliability requirements and to validate the requirements verification.   Q1

C2  Conduct program status reviews to assess scheduling and budgeting requirements pertaining to reliability engineering.



Q1  Do the technical and management reviews identify associated completion criteria that is used to control the reliability engineering progress?





FA 4.2.0  RELIABILITY ENGINEERING

CCA 4.2.4  Monitoring

CCA 4.2.4.2  Data Review



C1  Review specifications, interface control docs, drawings prior to critical milestones (PDR, CDR, FCA/PCA)   Q1

C2  Review critical test and demo plans and procedures prior to events. Review event results.   Q1

C3  Review reliability data/analytical conclusions from tests, demonstrations, and maintenance/repair information.   Q1, Q2

C4  Follow-up review of corrective actions culminating from tests/demos/simulations.   Q1



Q1  Are requirements validated adequately?

Q2  Is reliability model periodically updated as a result of analytical conclusions from tests, demonstrations, and maintenance/repair information?





FA 4.3.0  RELIABILITY OPERATIONS

CCA 4.3.1  Design    

CCA 4.3.1.1  Reliability Design Application



C1  Reliability concepts and practices are applied so that they are commensurate with our objectives of reducing costs, improving performance and meeting schedule.   Q1, Q2, Q3, Q4

C2  The appropriate reliability analytical techniques are employed at earliest opportunity to influence design alternatives when they are the least costly.   Q5

C3 The analyses proceed through an iterative processes of evaluation, design changes, and reevaluation through the systems development phase.   Q6, Q7



Q1   Is the simplicity of design concept applied?

a.  Does the contractor strive for fewer parts and less interfaces? (Allows fewer opportunities for failure.)

b.  Does the contractor design for ease of manufacture, common manufacturing equipment?

Q2  Is the robustness concept applied?

a.  Has the contractor identified uncertainties associated with a particular design, provide alternate designs, and made decisions related to optimal manufacturing processes?

b.  Are the appropriate derating values selected?

-  Is derating criteria  established to limit thermal, mechanical, and electrical stresses, (e.g., temperature, torsion, and voltage) on components? Is Circuit and Item Stress Analysis applied as needed? Are the effects of part and circuit parameter tolerances and parasitic parameters examined over the range of specified operating life and conditions?

-  Does the contractor justify junction temperatures of semiconductors and integrated circuits exceeding + 110 degrees C, regardless of power rating? (The failure rates of semiconductors decrease by as much as a factor of two for each 10 degree C by which their junction temperatures can be lowered. In systems having high integrated circuit populations, this translates to an approximately equal decrease in overall system failure rate.)

-  Are absolute limits specified on all parameters to which reliability is sensitive?

c.  Does the contractor consider designing for tolerances which allow for acceptable degradation when failures do occur? Is the tolerance of circuits to drift evaluated? Is the cumulative effect of component tolerances limits on system performance and reliability evaluated? 

d.  Are those designs and manufacturing processes selected that are less sensitive to the effects of  manufacturing processes variability?

Q3  Are Reduced Redundancy Requirements concepts applied? Are redundancy requirements by selecting/evolving a design which contains minimal failure opportunities which would have unacceptable impact to mission success?

Q4  Are Modularization concepts applied to support standardization, reduce maintenance requirements. facilitate technology insertion, improve opportunities for manufacturing economies of scale, and minimize interface count which, in turn, tends to force simpler hardware and software designs. Are subsystems, components, piece parts standardized? Are proven off-the-shelf components selected to preclude expensive development, qual., and start-up production costs usually associated with customized components?

Q5  Does the contractor integrate the results of the reliability predictions, reliability failure analyses, human factor’s error analyses, safety analyses, and others to identify areas of risk, influence the design, and augment the logistic support analysis?

Q6  Are the reliability allocation and prediction efforts initiated early in the design and applied iteratively to influence the design and mitigate risks?

a.  Are the numeric reliability requirements allocated among the subsystems and components to establish a hierarchy of requirements for designers to select components, processes, and design alternatives to meet the system level design reliability?

b.  When designers cannot meet the allocated reliability requirements, have design alternatives in terms of cost, function, and predicted reliability been considered?

c.  Has the contractor avoided trade-offs to meet reliability allocations which impose unnecessary design constraints that dictate new safety, test, maintenance, and other requirements?

d.  Does the contractor use reliability predictions (as well as failure and fault analyses) to influence the design, identify areas of risk, verify quantitative requirements, establish threshold requirements, and surface new safety, test, maintenance, and other requirements?

e.  Does the contractor use predictions as a measure of the design progress, reveal design weaknesses, and reduce the likelihood of costly test and mission failures?

Q7  Does the contractor identify and control items which require special attention because of complexity, application of state-of-the-art techniques, anticipated reliability problems, or impact of potential failure on safety, readiness, and mission success?

FA 4.3.0  RELIABILITY OPERATIONS

CCA 4.3.1  Design

CCA 4.3.1.2  Reliability Growth Program



C1  A reliability growth program is implemented to expose design oversights that create conditions of undesired operation and improve the design.   Q1

C2 Design/process improvement techniques are applied during development prior to qualification testing.   Q2

Statistically controlled approach:

- Reliability results are associated with confidence levels.

- Operating conditions are clearly specified.

- Failure definitions are clearly stated

Qualitative approach:

- Emphasize corrective actions to failures revealed during pre-qual testing.

- Monitor improvement trends



Q1  Does the reliability growth program go beyond  design assessment  and include fixing design deficiencies (including verification of fix)?

Q2  Are the processes in place that will effectively surface deficiencies during development to meet the system reliability goals/requirements? All design development efforts will likely require some form of a reliability growth program. The more statistically controlled approach to reliability growth program may apply when:

a.  Equipment under development is complex.

b. Equipment under development challenges the “state of the art”.

c. Equipment will be exposed to severe operation conditions. Risks to achieving the reliability requirements are determined to be moderate to high.

d. Results of Life Cycle Costs (LCC) studies indicate reliability improvements  will sufficiently reduce costs. (LCC considerations may include high volume production, high usage rates, maintenance, etc.>)





FA 4.3.0  RELIABILITY OPERATIONS

CCA 4.3.1  Design

CCA 4.3.1.3  Reliability Deficiency Correction Design



C1  Perform those actions necessary to correct deficiencies during development and deployment.



Q1  Is a failure reporting and corrective action system in place to accurately report all failures?

Q2  Are failures analyzed sufficiently to identify failure cause?

 Q3  Are design alternatives considered during the corrective action determinations?

Q4  Are design solutions verified through testing and demonstrations?

Q5  Have deployed systems similar to the one under development been evaluated for operational reliability deficiencies? (Deficiencies are often prevented by changing the operation and support concepts or selecting alternate design concepts.)





FA 4.3.0  RELIABILITY OPERATIONS

CCA 4.3.2  Testing

CCA 4.3.2.1 Qualification Testing



C1  Verify that the reliability requirements are attained by analyses and tests.   Q1, Q2, Q3

C2 The appropriate tests and test techniques are applied to verify reliability requirements are met:   Q1

a.  Environmental Stress Screening (ESS)  is a test regime to stress flaws into failures prior to deployment. Temperature and vibration levels are varied to accomplish the effect. This method applies to parts, subassemblies, assemblies, control items and systems. The performance output result of this task is to provide  confidence in meeting reliability requirements. 

b.  Test, Analyze and Fix (TAAF) is a closed-loop reliability growth methodology accelerating equipment maturity. TAAF provides a feedback loop to correct deficiencies and increase design confidence.

c.  Failure Free Operating Hours (FFOH) the measurement of FFOH is a major consideration to achieving reliability. The development of an acceptance failure free time interval is a technique that demonstrates in each item confidence that deliverable hardware is mature.

d.   System Test is an end-to-end  test performed to assure that all system element  “play together” and meet system reliability performance requirements.

e.   Reliability Development Growth Test (RDGT) is a specified number of special test operating hours for identification of design failures and corrections resulting in improved reliability. Failure-free test time identification is a major consideration. The performance output result of this task is provide confidence to meeting reliability requirements.

C3  Identify reliability verification methods for subsequent program phases.   Q1, Q2



Q1  Is the system/item ready for qualification testing?

a.  Are reliability technical parameters (FFOH, MTBF, MTBMA, FFTI, ESS established and measurable?

b.  Are test tolerances funneled from component (most restrictive) to system (least restrictive) within system specification performance parameters?

c.  Are the test requirements flowed down from the Program Test & Evaluation Master Plan (TEMP) or Single Acquisition and Management Plan (SAMP)?

d.  Is a careful accounting of objectives, environments, test article configurations, data requirements, and schedules included in the test plan?

e.  Is a central technical organization responsible for implementing and monitoring a failure reporting and corrective action system? (See CCA 4.3.3 Feedback Reporting)

Q2  Has the Reliability Development Test & Evaluation (RDT&E) requirements been identified?

a.  Do these requirements flow down from the Program Test & Evaluation Master Plan (TEMP) or Single Acquisition and Management Plan (SAMP)?

b.  Are RDT&E requirements included in the System Test Plan (STP) (including resources requirements and schedules)?

Q3  Is life testing included in the overall system integrated test plan to ensure that testing is conducted in a cost effective manner to meet program schedules?

a.  Is life test data from similar equipment operating in the same environment used to augment the equipment life testing in order to gain confidence in the design. For example, this technique is useful particularly when determining the long-term dormant life expectancy. 

b.  Has the contractor developed realistic life test environments based on operational mission profile environments? (Experience gained from previous programs is useful in developing life test parameters.)

c.  Does the contractor use only proven, well understood, accelerated testing techniques in the design of life tests?





FA 4.3.0  RELIABILITY OPERATIONS

CCA 4.3.2  Testing

CCA 4.3.2.2 Production Testing/Operational Testing



C1  Verify that the reliability requirements are attained by  testing/demonstrations of production items. 



Q1 Is the system/item ready for production and test?

a.  Are reliability technical parameters (FFOH, MTBF, MTBMA, FFTI, ESS established and measured?

b.  Is a careful accounting of objectives, environments, test article configurations, data requirements, and schedules included in the production test planning?

c.  Are test tolerances funneled from component (most restrictive) to system (least restrictive) within system specification performance parameters?

d.  Is a central technical organization responsible for implementing and monitoring a failure reporting and corrective action system? (See CCA 4.3.3 Feedback Reporting)

e.  Is a failure review board committee established to review failure trends, significant failures, corrective action status? Are adequate follow-up and corrective actions taken in a timely manner and properly recorded?

Q2  Is production reliability testing in place?

a. Are Production Acceptance Tests (PAT) conducted to verify use of subassemblies, assemblies, control items, and systems? (The use of Environmental Stress Screening (ESS), failure free test intervals, and system tests accelerates reliability growth and achieves required reliability early in the program.)

b. Are Production Reliability Acceptance Test (PRAT) conducted to assure that the qualified design is not degraded over production time as a result of changes in tooling, processes, work flow, design, part quality, or other characteristic changes? (PRAT tasks may be  applied to subassembly  production quantities which are sizable.)

Q3  Reliability Operational Test & Evaluation (ROT&E)

a.  Are system suitability parameters defined? Are reliability parameters for evaluation of system suitability defined under operational conditions and Measures Of Effectiveness (MOE) established in coordination with the OT&E responsible test activity (e.g. AFOTEC)?

b.  Has the contractor identified or implemented the reliability verification requirements? Are the reliability requirements verified  by analysis, demonstration, or test? (A formal reliability demonstration should be evaluated as to its cost-benefit ratio.)

c.  Is the contractor supporting the joint reliability and maintainability evaluation team? (A JRMET is established by the government acquisition activity to record and analyze problems in system reliability. Key reliability and system engineering personnel participate in the JRMET)





FA 4.3.0  RELIABILITY OPERATIONS

CCA 4.3.2  Testing

CCA 4.3.2.3 Reliability Growth Testing



C1 A formal statistical reliability growth test program should be evaluated as to its cost-benefit ratio (see CCA 4.3.1.2).   Q1, 	Q2

C2  Provide opportunities to reveal design and process deficiencies when they are the least costly to fix through reliability growth and pre-qualification testing?   Q1

Specific techniques and tests commonly applied to achieve reliability:

   a.  Environmental Stress Screening (ESS)  is a test regime to stress flaws into failures prior to deployment. Temperature and vibration levels are varied to accomplish the effect. This method applies to parts, subassemblies, assemblies, control items and systems. The performance output result of this task is to provide  confidence in meeting reliability requirements. 

   b.  Test, Analyze and Fix (TAAF) is a closed-loop reliability growth methodology accelerating equipment maturity. TAAF provides a feedback loop to correct deficiencies and increase design confidence.

   c.  Reliability Development Growth Test (RDGT) is a specified number of special test operating hours for identification of design failures and corrections resulting in improved reliability. Failure-free test time identification is a major consideration. The performance output result of this task is provide confidence to meeting reliability requirements.

.

Q1  Is the system/item ready for qualification testing?

a.  Are reliability technical parameters (FFOH, MTBF, MTBMA, FFTI, ESS identified and measurable?

b.  Are test tolerances funneled from component (most restrictive) to system (least restrictive) within system specification performance parameters?

d.  Is a careful accounting of objectives, environments, test article configurations, data requirements, and schedules included in the test plan?

e.  Is a central technical organization responsible for implementing and monitoring a failure reporting and corrective action system? (See CCA 4.3.3 Feedback Reporting)

f.  Are procedures established and implemented to correct deficiencies and increase design confidence?

(See CCA 4.3.3.1)

Q2  Is life testing included in the overall system integrated test plan/reliability growth test plan to ensure that testing is conducted in a cost effective manner to meet program schedules?

a.  Is life test data from similar equipment operating in the same environment used to augment the equipment life testing in order to gain confidence in the design. For example, this technique is useful particularly when determining the long-term dormant life expectancy. 

b.  Does the contractor conduct early assessment of operational life expectancy through realistic life testing that will ensure timely feedback of test results to design activities?

c.  Has the contractor developed realistic life test environments based on operational mission profile environments? (Experience gained from previous programs is useful in developing life test parameters.)

d.  Does the contractor use only proven, well understood, accelerated testing techniques in the design of life tests?





FA 4.3.0  RELIABILITY OPERATIONS

CCA 4.3.2  Testing

CCA 4.3.2.4 Analytical Fidelity Improvement



C1 Verify key analytical assumptions and design solutions through testing and demonstrations.   Q1

C2  Provide opportunities to reveal design and process deficiencies when they are the least costly to fix through pre-qualification life testing.   Q1, Q2, Q3, Q4



Q1  Does the contractor conduct early assessments of operational life expectancy through realistic life testing that will ensure timely feedback of test results to design activities?

Q2  Has the contractor developed realistic life test environments based on operational mission profile environments? (Experience gained from previous programs is useful in developing life test parameters.)

Q3  Does the contractor use only proven, well understood, accelerated testing techniques in the design of life tests?

Q4 Has the contractor identified, through tests and demonstrations, the mission critical operations and maintenance tasks, validated the results of the reliability related analyses, and verified that reliability design requirements have been met? Has the contractor accomplished those tests and demonstrations needed to identify mission critical operations and maintenance tasks at earliest opportunity?





FA 4.3.0  RELIABILITY OPERATIONS

CCA 4.3.2  Testing

CCA 4.3.2.5 Corrective Action Verification



C1  The effectiveness of the corrective action is verified through tests/demonstrations.

C2  Operation and Maintenance (O&M) (Post Deployment- Contractor Technical Support-CTS).   Contractor Technical Support may be required for analysis and recommended corrective action when reliability problems are experienced during system deployment. Contract coverage to provide such support, under whatever Logistics Support posture is established, must be in place.





FA 4.3.0  RELIABILITY OPERATIONS

CCA 4.3.3  Failure Reporting

CCA 4.3.3.1 Reporting System Development



C1  Conduct failure reporting throughout all phases of testing beginning with the lowest indentured assembly under test. Conduct failure reporting of deployed items.   Q1

C2  Establish a  central technical organization for implementing and monitoring a failure reporting and corrective action process to include production, test, field failures.   Q2, Q3, Q4, Q5



Q1 Are reliability elements integral to successful failure reporting and corrective action processes in place?

a.  Are procedures in use for recording and analyzing each failure to determine its cause?

b.  Are procedures adequate for identifying cause of failure?

c.  Are procedures adequate for determining actions necessary to correct deficiencies in the failed item?

d.  All actions are properly documented. The performance output result of this task is deliverable analysis and test data to verify the progress in meeting reliability requirements.

Q2  Is the contractor supporting the Joint Reliability and Maintainability Evaluation Team (JRMET)?   (A JRMET is established by the government acquisition activity to record and analyze problems in system reliability. Key reliability and system engineering personnel participate in the JRMET.)

Q3  Are criticality of failures prioritized in accordance with their individual impact on operational performance?

Q4  Has the contractor defined levels of close-out authority through corporate management based on criticality of failure?

Q5  Are failure analysis reports closed out in a timely fashion?





FA 4.3.0  RELIABILITY OPERATIONS

CCA 4.3.3  Failure Reporting

CCA 4.3.3.2 Report Accounting



C1  Employ a closed loop corrective action system that uses anomaly data from all available sources and feeds back to the design process.



Q1  Is a central technical organization responsible for implementing and monitoring a failure reporting and corrective action system?

Q2  Is the failure reporting and corrective action system initiated with the start of test and continued through service life?

Q3  Does the failure reporting start at the piece part level?

Q4  Does the contractor report all failures?

Q5  Does the contractor analyze failures to sufficient depth to identify failure cause and necessary corrective actions?





FA 4.3.0  RELIABILITY OPERATIONS

CCA 4.3.4 Corrective Actions

CCA 4.3.4.1 Accounting System Development



C1 Procedures are established and implemented to correct deficiencies and increase design confidence?



Q1 Is the contractor’s failure reporting and corrective action system in place?

Q2  Are procedures in use for recording and analyzing each failure to determine its cause?

Q3  Are procedures adequate for identifying cause of failure?

Q4  Are procedures adequate for determining actions necessary to correct deficiencies in the failed item?

Q5  Is the corrective action, as implemented, adequate to correct the problem?

Q6  Are all actions properly documented?





FA 4.3.0  RELIABILITY OPERATIONS

CCA 4.3.4 Corrective Actions

CCA 4.3.4.2 Corrective Actions Accounting

�

C1  Employ a closed loop corrective action system that uses anomaly data from all available sources and feeds back to the design process.



�
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Concepts & Definitions � TC “Appendix A  Concepts & Definitions” \l1�



�Concepts � TC “  Concepts” \l2�





First, we all need to become convinced that the reliability processes required of our program are commensurate with our objectives of reducing costs, improving performance and meeting schedule.  We begin by understanding key reliability concepts and practices and how, when optimally applied during systems development, we increase our chances of meeting our cost, performance, and schedule objectives. 





Simplicity of design



	Of course simple systems are easier and cheaper to design and build. Less complex designs also usually mean fewer parts and less interfaces; hence,  fewer opportunities for failure. Simple systems carry other advantages as well such as ease of manufacture with reduced manufacturing skill requirements, common manufacturing equipment, and higher control over process variabilities. Conversely, greater performance is often achieved with technology intensive systems. These more complex systems tend to carry greater development risks; increased documentation; more test, inspection, and operational checkout requirements during pre-launch processing;  peculiar support equipment; and likely increased requirements for handling, transportation, and storage.





Robustness

    

	Derating criteria is often used by design engineers to limit thermal, mechanical, and electrical stresses, (e.g., temperature, torsion, and voltage) on components. Of course, selection of appropriate derating values depends solely upon the part/component type, the application, and desired reliability. For example, resistors are derated by selecting a resistor to operate below its rated power. Resistor reliability tends to improve as the difference between operating power and rated power increases.



	The process of identifying the appropriate derating criteria is sometimes extended to also include design considerations for tolerances for acceptable degradation when failures do occur (fault tolerance) and fault avoidance. Determination of appropriate designs and more generous margins  for fault tolerance and fault avoidance is best accomplished by specialized analyses which are aimed at reducing design risks by identifying uncertainties associated with a particular design, provide alternate designs, and make decisions related to optimal manufacturing processes. Two analytical techniques commonly used for the purpose of influencing the design are failure modes and fault tree analyses. Failure modes analyses begins at the component level (or code level for software). The analytical results are intended to reveal the effects of component failures at the system level. Component failures may or may not have a critical effect on system performance. Those that are determined to adversely impact performance can be eliminated or controlled. For example, when errors occur within the code of a module, the impact should be confined to only that module in which it occurs. Fault tree analysis is a top-down event driven analysis. An unacceptable event is defined and system causes are then determined.



	Variability of manufacturing processes also have significant influences on product reliability. Robust designs are those that eliminate the causes or minimize the effects of variability.  Therefore, designers, in unison with manufacturing engineers, need to select designs and manufacturing processes that are less sensitive to the effects of variability.



	Robust designs often mean lower maintenance, wider design margins, and reduction in development testing requirements. Unfortunately, high technology launch and space systems are often designed for maximum performance. Since lift capability is maximized by decreasing weight, this often results in minimal structural and  thermal design margins. This process of designing for minimal margin is counter to building a robust product. 





Reduced Redundancy Requirements



	To reduce the probability of critical failures, we may connect several functionally identical components and/or subsystems in parallel. In the event one fails, the redundant secondary is switched into primary operating mode. Though this common practice improves the reliability of a given design, it also increases costs to design, build, operate, and monitor. Design redundancy increases the number of failure modes and adds weight to the system. The opportunity to minimize redundancy requirements occurs early in the design phase when alternate designs are under consideration. The design of choice to reduce redundancy requirements would be that which contains minimal failure opportunities which would have unacceptable impact to mission success.





Modularity



	Modular designs support standardization, reduce maintenance requirements, facilitate technology insertion, and improve opportunities for manufacturing economies of scale. Modular designs also minimize interface count which, in turn, tends to force simpler hardware and software designs.





Standardize Subsystems, Components, and Piece Parts

 

	A number of benefits are derived by optimizing commonality at all levels of a design. Integration and interface requirements tend to become more standard. More resources can now be expended to assure the standard hardware and interfaces are indeed adequate. Economy of scale benefits are also derived by reduced design maturity testing (reliability growth, maintainability demos, etc.), reduced design qualification efforts, and larger production rates.



	Selection of proven military or commercial off-the-shelf components can preclude expensive development, qualification, and start-up production costs usually associated with  customized components/subsystems. Selection criteria is crucial to establishing system reliability. Ideally, we would like to select subsystems, components, and piece parts  that are inexpensive and have a sufficient service history to provide accurate measures of  reliability, supportability, availability, etc..



	The quality assurance provisions of each control drawing is intended, in part, to assure that the desired reliability level for each part is achieved. The suppliers procure from many piece part and material vendors which use different processes and materials to meet the specification control drawing requirements and provisions. Unfortunately, the drawings are not generic enough to match all manufacturing process capabilities, changing technologies, and are continually undergoing revisions. Most of the changes will likely impact reliability. Many factors are causing changes to the design and in fact, the product reliability must now be maintained by controlling design and manufacturing process changes. Inherent reliability is also achieved by sound manufacturing process control.    Good Parts =  Process Capability (Cpk )>>1.33. 
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Allocation, Analysis, Assessment (AAA)  AAA is an iterative process of executing, checking results, maintaining traceability, taking action if there is a deviation between the desired and actual result. Repeat the cycle time till the deviation is reduced to zero. 



Availability	 A measure of the degree to which an item is in the operable and commitable state at the start of the mission when the mission is called for at an unknown (random) time.



Dependability	A measure of the degree to which an item is operable and capable of performing its required function at any (random) time during a specified mission profile, given item availability at the start of the mission.



Derating   (a) Using an item in such a way that applied stresses are below rated values or (b)  The lowering of the rating of an item in one stress field to allow an increase in an other stress field.



Design Margin 	 Operating below rated stress values.



Facilities	The permanent or semi-permanent real property assets required to support the material system, including conducting studies to define types of facilities or facility improvements, locations, space needs, environmental requirements, and equipment.



Failure Free Operating Hours (FFOH) The event, or operable state, in which an item does perform as intended without failure. 



Failure Mode Analysis	A design evaluation procedure used to identify design weaknesses that may result in safety hazards or reliability problems. This procedure might be termed as a “what if” approach in that it starts at the component level and asks” what if this component fails”. The effects are then traced to the system level.



Failure Modes, Effects, and Criticality Analyses (FMECA)  FMECA  identifies single point failure modes and eliminates or controls their effects. Functional, hardware, interface, Line Replaceable Unit (LRU), piece part, and physical product design FMECA’s are included in the reliability engineering critical process. FMECA feeds the logistics analysis and the system support and includes the failure rate contribution for each LRU for purposes of logistics analysis. The performance output result of this task is deliverable analysis  data to verify the progress in meeting requirements. 



Failure rate   The total number of failures within an item population, divided by the total number of life units expended by that population, during a particular measurement interval under stated conditions.



Failure Reporting and Corrective Action System (FRACAS)  The reliability engineering critical process includes a FRACAS which is a procedure for recording and analysis of each failure to determine its cause; determination of actions necessary to correct deficiencies in the failed item; determination of actions necessary to eliminate the cause of the failure; verification that the corrective action, as implemented, is adequate to correct the problem; and  ensures that all actions are properly documented.



Fault Tree Analysis   Fault tree analysis begins with the definition of an undesirable event and traces this event down through the system to identify basic causes. This top-down procedure can be used to identify numerous problems, including operator-induced failures.



Item Levels  The item levels used in this document, from the simplest division to the more complex, are part, subassembly (Line Replaceable Unit LRU), component, subsystem, space vehicle, and system.



Maintainability	The ability of an item to be retained in or restored to specified condition when maintenance is performed by personnel having specified skill levels, using prescribed procedures and resources, at each prescribed level of maintenance and repair.



Mission Profile    A time-phased description of events and environments an item experiences from initiation to completion of a specified mission, to include the criteria of mission success or critical failures.



MTBF   (Mean Time Between Failure) A basic measure of reliability for repairable items: The mean number of life units during which all parts of the item perform within their specified limits, during a particular measurement interval under stated conditions.



MTBMA  (Mean Time Between Maintenance Actions) A measure of system reliability parameter related to demand for maintenance manpower: The total number of life units, divided by the total number maintenance actions, preventive and corrective, during a stated period of time.



Reliability		The probability that, when operating under stated environmental conditions, an item will perform its intended function adequately for a specified interval of time.



Reliability, Mission	The ability of an item to perform its required function for the duration of a specified mission profile.



Service Life  The service life of a component or space vehicle is the total life expectancy of the item. The service life starts at the completion of assembly of the item and continues through all acceptance testing, handling, storage, transportation, launch operations, orbital operations, refurbishment, retesting, reentry or recovery from orbit, and reuse that may be required or specified for the item.



Single Point Failure  (SPF) The failure of an item which would result in failure of the system and is not compensated for by redundancy or alternative operational procedure.



Supportability	 The degree to which system design characteristics and planned logistics resources, including manpower, meet system peace to meet readiness and wartime utilization requirements.



Test, Analyze and Fix (TAAF)  is a closed-loop reliability growth methodology accelerating equipment maturity. Repeat TAAF cycle time till requirements are met. The performance output result of this task is deliverable test data to verify the progress in meeting reliability requirements.



Traceability (of quantitative and qualitative reliability requirements) The life and mission profile is established to identify the stated conditions and duration of expected failure free performance. The baseline probability of mission success and system restore time are defined. The requirement is defined to  each element so that its contribution to the whole is identified and controlled. Predictions verify quantitative mission requirements are achievable. Predictions  state the mission profile, failure rate sources, models, and duty cycles used in the analysis.
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�Applicable Documents � TC “  Applicable Documents” \l2�



Document�Discussion�Source��DoDD 5000.1

“Defense Acquisition”, 15 March 1996�Provides Mandatory Policies and Procedures for Management and Acquisition Programs.�SMC/AX,

Aerospace Corporation Library��DoD 5000.2-R

“Mandatory Procedures for Major Defense Acquisition Programs and Major Automated Systems”, 15 March 1996�Part 4, Para 4.3.6, Reliability Maintainability, and Availability�SMC/AX,

Aerospace Corporation Library��MIL-STD-781D1,2�Reliability Testing for Engineering Development; Qualification & Production�SMC/AX,

Aerospace Corporation Library��MIL-STD-785B1,3�Reliability Program for Systems Equipment Development and Production�SMC/AX,

Aerospace Corporation Library��MIL-STD-1543B1,4�Reliability Program Requirements for Space and Launch Vehicles�SMC/AX,

Aerospace Corporation Library��MIL-STD-1629A1,5�Procedures for Performing a Failure Mode, Effects and Criticality Analysis�SMC/AX,

Aerospace Corporation Library��AFP 800-71

"The USAF R&M 2000 Process," January 1989�Pamphlet which describes how to increase combat capability while saving resources through good R&M practices.�SMC/AX,

Aerospace Corporation Library��NOTES:

1.  Documents are identified here for references only for new acquisitions.

2.  Cancel after incorporating appropriate sections into MIL-HDBK-781.  Revised HDBK will be published by MAR 96.  Council Chair will write to the Chairman of the Partnership in Reliability, Maintainability & Supportability Standards Committee requesting

3.  Cancel after publication of a suitable NGS.  DSIC chair will write to the Institute of Electrical and Electronics Engineers (IEEE) requesting they attempt to publish an industry STD by JUN 96 (5/17/95).

4.  Cancel after publication of a suitable NGS.  This action will occur simultaneously with the replacement of MIL-STD-785 (5/17/95).

5.  Cancel after publication of a suitable NGS.  DSIC Chair will write to the Society of Automotive Engineers (SAE) requesting they attempt to publish an industry STD by JUN 96 (5/17/95). 
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