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Foreword
System design and RAM engineering is often perceived as a classic chicken and egg problem: The designers need RAM data to optimize the RAM design while the RAM engineers need design data to perform RAM requirements allocations, modelling, predictions, and trades. The solution is to integrate these activities, as early as possible in the TPX design process to optimize the RAM design and to show that RAM requirements are being met as the design evolves; this therefore is task for the TPX RAM Program as outlined in this RAM Program Plan. 

The overall objectives of this TPX RAM Plan are to:

1.  Identify the system-level RAM requirements, tasks, and products needed to establish an effective RAM Program, assure that RAM requirements are properly developed and included in the TPX design, assess whether system-level RAM requirements are being met, and to manage RAM Program risk.

2. Identify the equipment-level RAM requirements, tasks, and products needed to assure WBS Managers optimize the design for RAM, to show that equipment-level RAM requirements are being met, and to support the management of RAM Program risk. 

3. Enable the implementation of items one and two (above) as an integrated part of the TPX design, development, test and operational effort.

This RAM Plan is issued in one volume with updates as required.

The user should check the Configuration Control List in the Technical Information Folder of the TPX File Share System to determine the latest version of the TPX RAM Plan.
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TPX RAM PLAN

Revision 1
1.0  INTRODUCTION.0  INTRODUCTION; TC  "1.0  INTRODUCTION" \l 1 
1.1   PURPOSE..1   PURPOSE.; TC  "1.1   PURPOSE." \l 1 
The purpose of the TPX RAM Plan is to describe how the TPX project will implement the applicable reliability/maintainability requirements of the TPX General Requirements Document (GRD) and the TPX System Specification (A-Spec).  Upon PPPL's approval, the RAM Plan will be used to direct and monitor WBS contractors and subtier contractor's reliability and maintainability programs and provide the means by which achievement of reliability and maintainability program objectives are assured.

1.2   SCOPE..2   SCOPE.; TC  "1.2   SCOPE." \l 1 
This RAM Plan describes the requirements, tasks, processes and procedures required to effectively implement the TPX RAM Program for the TPX Project.  Specific draft procedures for RAM program conduct are contained in the appendices.  These procedures will be refined throughout the program.  This RAM Plan applies to all TPX Project hardware design, development, production, operations, and support. Support equipment and software RAM Program requirements are included to the extent specified herein.  SIS, PPPL and WBS contractors are covered by this Plan. 

1.3  RAM Program Structure.3  RAM Program Structure; TC  "1.3  RAM Program Structure" \l 1 
The RAM program is structured as an integral part of the design/development process from the concept stage through the operation of delivered hardware.  In this manner, a continual growth in RAM can be realized.  Hardware design will be influenced by the requirements/guidelines published and the analyses and tests performed in the engineering/development phase.  Assurances have to be made that the RAM potential is designed into the hardware.  An aggressive performance assessment and corrective action task activity during the build and test phase will ensure the inherent reliability and maintainability of the hardware.

2.0   APPLICABLE DOCUMENTS.0   APPLICABLE DOCUMENTS; TC  "2.0   APPLICABLE DOCUMENTS" \l 1 
2.1   TPX PROGRAM DOCUMENTS AND WORK STANDARDS .1   TPX PROGRAM DOCUMENTS AND WORK STANDARDS ; TC  "2.1   TPX PROGRAM DOCUMENTS AND WORK STANDARDS " \l 1 

2.1.1 
MIL-STD-1629A Procedure for Performing a Failure Mode Effects and Criticality Analysis



2.1.2 
TPX Quality Assurance Plan  (TPX-PLAN- QAP)



2.1.3 
TPX System Safety Plan  (TPX-PLAN-SSP)



2.1.4 
TPX System Integration Plan (TPX-PLAN-SIP)

2.2 
TPX SYSTEM SPECIFICATIONS .2 
TPX SYSTEM SPECIFICATIONS ; TC  "2.2 
TPX SYSTEM SPECIFICATIONS " \l 1 


2.2.1 
TPX General Requirements Document  (TPX-GRD)



2.2.2 
TPX System Specification 

3.0 
REQUIREMENTS   .0 
REQUIREMENTS   ; TC  "3.0 
REQUIREMENTS   " \l 1 
3.1 
TPX RAM PROGRAM REQUIREMENTS..1 
TPX RAM PROGRAM REQUIREMENTS.; TC  "3.1 
TPX RAM PROGRAM REQUIREMENTS." \l 1 
This RAM Program Plan implements the TPX GRD requirements for mission reliability, operational availability, shot reliability, and maintainability. Quantitative TPX System Specification (A spec) RAM requirements shall be apportioned down to the subsystem level in the respective WBS top level subsystem Primary Item Development Specifications ("B" specifications).  WBS Managers/contractors, in turn, shall apportion these WBS allocated RAM requirements to the appropriate equipment levels. RAM program requirements shall be addressed in qualification and acceptance testing and spares provisioning.  The RAM Plan is the controlling document for the implementation of the RAM program and the means for measuring the achievement of program objectives.

3.2 
RELATIONSHIP TO OTHER REQUIREMENTS..2 
RELATIONSHIP TO OTHER REQUIREMENTS.; TC  "3.2 
RELATIONSHIP TO OTHER REQUIREMENTS." \l 1 
This RAM Plan compliments and shall be a coordinated effort with other TPX program plans to include Quality Assurance and System Integration plans. 

4.0   RESPONSIBILITIES  .0   RESPONSIBILITIES  ; TC  "4.0   RESPONSIBILITIES  " \l 1 
4.1   SYSTEM ENGINEERING RESPONSIBILITIES..1   SYSTEM ENGINEERING RESPONSIBILITIES.; TC  "4.1   SYSTEM ENGINEERING RESPONSIBILITIES." \l 1 
PPPL System Engineering is responsible for the TPX project RAM program.  PPPL system engineering reviews and, upon approval, supports the TPX RAM Plan.

4.2   SIS CONTRACTOR RESPONSIBILITIES..2   SIS CONTRACTOR RESPONSIBILITIES.; TC  "4.2   SIS CONTRACTOR RESPONSIBILITIES." \l 1 
The SIS contractor is responsible for the development, coordination, publication, and update, as required, of the TPX RAM Plan. The SIS contractor is responsible for evaluating, refining and integrating TPX design, development, testing, production and operational support activities to include the TPX RAM program requirements.

4.3   WBS CONTRACTOR/SUBCONTRACTOR PROGRAM MANAGER RESPONSIBILITIES. .3   WBS CONTRACTOR/SUBCONTRACTOR PROGRAM MANAGER RESPONSIBILITIES. ; TC  "4.3   WBS CONTRACTOR/SUBCONTRACTOR PROGRAM MANAGER RESPONSIBILITIES. " \l 1 
WBS Managers are responsible for optimizing designs for reliability and maintainability through systematic evaluation of design options, and for performing FMECAs and assuring that the RAM allocations in the TPX System Specification are being met, that RAM design improvement and verification is accomplished, and that RAM risk assessment are performed.

5.0   SIS CONTRACTOR RAM PROGRAM TASKS.0   SIS CONTRACTOR RAM PROGRAM TASKS; TC  "5.0   SIS CONTRACTOR RAM PROGRAM TASKS" \l 1 
5.1   PREPARE, COORDINATE AND PUBLISH RAM PLAN..1   PREPARE, COORDINATE AND PUBLISH RAM PLAN.; TC  "5.1   PREPARE, COORDINATE AND PUBLISH RAM PLAN." \l 1 
The SIS contractor will prepare, publish and update the TPX RAM Plan to provide a description of how the RAM effort and tasks will be conducted and integrated into the TPX design and activities to ensure that quantitative RAM requirements and objectives are met. Each task will be described in detail with its intended result and output.  Figure 5.1-1 provides an overall approach of system RAM integration (block diagram).  The RAM Plan will be maintained by the SIS contractor. 

5.2  DEVELOP RAM REQUIREMENTS AND ALLOCATIONS.2  DEVELOP RAM REQUIREMENTS AND ALLOCATIONS; TC  "5.2  DEVELOP RAM REQUIREMENTS AND ALLOCATIONS" \l 1 
5.2.1  Definitions Per GRD.2.1  Definitions Per GRD; TC  "5.2.1  Definitions Per GRD" \l 1 
5.2.1.1  Mission Reliability.2.1.1  Mission Reliability; TC  "5.2.1.1  Mission Reliability" \l 1 
Provisions for recovery shall be made for every failure mode which has a reasonable probability of occurrence (P>10-4) over the life of the device or has a low probability of occurrence 

(10-4>P>10-6) over the life of the device and no exemption from the Project based on cost/risk/benefit considerations and which, directly or indirectly, would compromise the required operational capability of the device and facility.

The mission reliability requirement only applies prior to injecting tritium into the tokamak.

5.2.1.2  Operational Availability.2.1.2  Operational Availability; TC  "5.2.1.2  Operational Availability" \l 1 
TPX shall be designed to achieve an operational availability of at least 75% when operated per the reference divertor scenarios with pulse repetition rates per Section 2.2.  Availability is defined as the ratio of the number of shots in an operational run period in which the device is operational at its rated performance level to the number of shots which could be achieved during that run period in the absence of component failures and software errors.  Delays attributable to physics planning do not impact operational availability as defined herein.  Delays attributable to low probability events for which provisions for recovery are not required, do not impact operational availability as defined herein.  

The availability requirement only applies prior to injecting tritium into the TPX reactor.

5.2.1.3  Shot Reliability.2.1.3  Shot Reliability; TC  "5.2.1.3  Shot Reliability" \l 1 
The shot reliability shall be greater than 90%, where shot reliability is defined as the probability of:

•  the necessary subset of data for achieving the goal of a given shot being successfully acquired and archived; and

•  not experiencing a failure precluding the initiation of the next shot

In this context, a shot attempt occurs when a breakdown loop voltage pulse is applied to initiate a plasma.  Causes of failed shots or conditions characterizing failed shots include fizzles, timing errors, operator errors, heating system failures, diagnostics failures, and data acquisition and storage errors.

The shot reliability requirement only applies prior to tritium being injected into the tokamak.

5.2.2  RAM allocations .2.2  RAM allocations ; TC  "5.2.2  RAM allocations " \l 1 
RAM allocations to the equipment (WBS) level will be contained in the TPX System Specification.  These requirements will guide the WBS equipment designs toward reliability and maintainability levels that support the system level RAM requirements.  WBS contractor RAM predictions will be reviewed by the SIS contractor along with the WBS FMECAs, used to refine the RAM requirements allocations.  All proposed RAM requirement changes will be coordinated with the affected WBS contractors and reviewed and approved by PPPL before being placed in the A-Spec and lower tier specification.

There are four types of RAM requirements specified in the GRD.

Recovery.  The objective of recovery, as defined in the GRD, is to identify, prevent, mitigate, or correct failure modes which would directly or indirectly compromise the required operational capability of the device or facility.  Each WBS contractor will address this objective, in the accomplishment of equipment FMECA(s), and making “provisions for recovery” in the equipment design.  The SIS contractor will coordinate with WBS managers in determining the need for "recovery" from identified failure modes.

Shot Reliability (Rs).  The objective of shot reliability, as defined in the GRD, is to reduce the frequency of failures during each shot that could result in (1) failure to collect and archive the necessary data to accomplish the goals of the shot, (2) inability to initiate the next shot in the run period.  Identifying and eliminating failure modes and increasing equipment MTBFs in the shot environments will be key to achieving shot reliability.  The system model for shot reliability is Rs =    i Ri, where Ri is subsystem i shot reliability.        

Operational Availability (As).  Operational Availability, per GRD, is a function of equipment MTBF and failure modes during steady state operation and repair/restoration times for applicable failure modes.  The system model for As is As =   i Ai, where OAi is equipment i operational availability.

Maintainability.  The SIS contractor will assist in coordination of maintenance plans, standardization of common commercial equipment to reduce spares requirements and other maintenance related design impacts between WBS contractors.  The SIS contractor will assist in resolution of fault detection and fault isolation issues and corrective action taken on non-detectable failures which may result in extensive damage to equipment, injury to personnel or release of fuel into the atmosphere.  The SIS contractor will perform system level mean down time (MDT) analysis and assist PPPL in evaluation of subsystem MDT analysis.

5.2.2.1  Verification of RAM Requirements
.2.2.1  Verification of Ram Requirements
; TC  "5.2.2.1  Verification of Ram Requirements
" \l 1 
The WBS contractors/performers will assure and the SIS contractor will monitor and facilitate that the equipment level qualification and acceptance tests provide verification of the applicable RAM requirements. This task will be accomplished through coordination of TPX specifications and program plans development to include QA Plans, Test Plans, the SIP, and during TPX program reviews.  

5.2.3   Spares Provisioning .2.3   Spares Provisioning ; TC  "5.2.3   Spares Provisioning " \l 1 
The SIS contractor will also ensure that spares provisioning for each WBS area is consistent with their reliability and maintainability requirements (predictions). This task will be accomplished by reviewing the maintenance concept, repair level analysis and repair procedures, along with R&M predictions, to validate WBS provisioning plans.

5.3   ASSURE FMECA CONDUCT AND RAM DESIGN OPTIMIZATION..3   ASSURE FMECA CONDUCT AND RAM DESIGN OPTIMIZATION.; TC  "5.3   ASSURE FMECA CONDUCT AND RAM DESIGN OPTIMIZATION." \l 1 
The SIS contractor will conduct in-process audits and review completed WBS system/ subsystem FMECAs to validate the adequacy of FMECA conduct. As part of the TPX WBS program reviews (PDRs, FDRs, FCAs, and PCAs, etc.) and the WBS RAM program risk  assessment task (5.6 below), the SIS contractor will assist PPPL in conducting WBS RAM program reviews, recommend corrective action where necessary, and follow-up to help assure WBS RAM design optimization.

5.4   ASSESS WBS RAM PROGRAMS..4   ASSESS WBS RAM PROGRAMS.; TC  "5.4   ASSESS WBS RAM PROGRAMS." \l 1 
The SIS contractor will monitor, review and assess the effectiveness of WBS system RAM programs as part of the overall RAM requirements and FMECA assurance tasks as well as the SIS contractor RAM design optimization task. WBS RAM programs will be analyzed from a system perspective to assess their effectiveness in helping meet TPX program goals, objectives and requirements. The SIS contractor will work closely with the WBS engineering disciplines to identify, assess, and correct RAM deficiencies in an expedient manner. Results of the SIS contractor TPX RAM program assessments will be provided periodically to PPPL as required in the form of special RAM reports and TIMs.

5.5   IMPLEMENT RAM TRACKING AND IMPROVEMENT PROGRAM..5   IMPLEMENT RAM TRACKING AND IMPROVEMENT PROGRAM.; TC  "5.5   IMPLEMENT RAM TRACKING AND IMPROVEMENT PROGRAM." \l 1 
This program will be implemented by the SIS contractor following PDR as initial hardware test data becomes available.  The program will be fully implemented during the operational phase.  The program includes Performance Tracking, failure data and a failure review board, Closed Loop Failure Analysis (CLFA) and corrective action along with TPX RAM assessment activities.   

5.6  SUPPORT RAM RISK ASSESSMENT AND MITIGATION..6  SUPPORT RAM RISK ASSESSMENT AND MITIGATION.; TC  "5.6  SUPPORT RAM RISK ASSESSMENT AND MITIGATION." \l 1 

Define and monitor the RAM design baseline, identify noncompliant (out-of-spec) conditions and perform supporting RAM risk assessments and effect mitigations, as appropriate.

5.7  SUPPORT TPX DESIGN REVIEWS..7  SUPPORT TPX DESIGN REVIEWS.; TC  "5.7  SUPPORT TPX DESIGN REVIEWS." \l 1 
Reliability design reviews will be conducted in conjunction with other TPX program reviews, or as scheduled by PPPL.  The SIS contractor will assist PPPL in planning RAM Program reviews, review of WBS RAM Programs and in writing Requests for Action (RFAs) on RAM Program deficiencies, as required. The following agenda items, as a minimum, shall be addressed during RAM Program reviews:


(1) 
Status of assigned action items.


(2) 
Results of applicable RAM tests and demonstrations.


(3) 
Scheduled RAM activities.


(4) 
Design, parts, reliability and schedule problems.


(5) 
Contractor assessment of RAM task effectiveness.


(6)
 Status of subtier contractor RAM activities.


(7) 
Reliability and maintainability analyses and assessments.


(8) 
Organizational changes and changes to the RAM Program (including subtier contractors).


(9) 
Other topics and issues as deemed appropriate by PPPL and the contractor.

5.8 TRAINING AND TRANSITION TPX OPERATIONS PERSONNEL..8 TRAINING AND TRANSITION TPX OPERATIONS PERSONNEL.; TC  "5.8 TRAINING AND TRANSITION TPX OPERATIONS PERSONNEL." \l 1 
The SIS contractor will train and transition TPX operations personnel on RAM sustaining tasks.  The identifiable tasks are CLFA/reliability improvement, RAM risk assessment techniques and logistics inputs from RAM perspective.  These tasks will be performed prior to the operational phase.

6.0   WBS CONTRACTOR RAM PROGRAM TASKS.0   WBS CONTRACTOR RAM PROGRAM TASKS; TC  "6.0   WBS CONTRACTOR RAM PROGRAM TASKS" \l 1 
6.1   DEVELOP RAM MODELS..1   DEVELOP RAM MODELS.; TC  "6.1   DEVELOP RAM MODELS." \l 1 
RAM models will be developed and maintained for each WBS subsystem to include RAM mathematical models. RAM block diagrams and mathematical models will be traceable to system hardware, mission scenario, and numerical program RAM requirements.


6.2  PERFORM RAM ALLOCATIONS AND PREDICTIONS..2  PERFORM RAM ALLOCATIONS AND PREDICTIONS.; TC  "6.2  PERFORM RAM ALLOCATIONS AND PREDICTIONS." \l 1 
6.2.1  Contractors RAM Allocations and Predictions  

RAM allocations and predictions performed by WBS contractors are to be verified and approved by PPPL and SIS contractor.  TPX RAM allocations are performed primarily to quantify each WBS design-to requirements to meet system-level RAM requirements. Below the WBS level, RAM allocations are performed primarily to control TPX maintenance by controlling item failure modes and repair times. WBS subsystem RAM requirements will be allocated to at least one level below the WBS equipment level. RAM requirements shall also be allocated to RAM critical items (defined in paragraph 8, item 5) developed or supplied by subtier contractors.

6.2.2  RAM Prediction Methodology .2.2  Ram Prediction Methodology ; TC  "6.2.2  Ram Prediction Methodology " \l 1 
RAM predictions will be developed and maintained at the WBS level. Predictions will account for all system modes of operation and will be the primary factor in determining if contractual RAM performance requirements can be achieved with the proposed design. Failure and repair data sources will be sought and utilized based upon source data superiority.  For one of a kind components for which no data exists, a RAM prediction methodology will be formulated with PPPL and SIS contractor concurrence.  The results of FMECA and applicable design technical evaluation analyses will be evaluated and reflected in the RAM predictions.      

6.2.3  RAM Requirements Allocations and Predictions Procedures.2.3  RAM Requirements Allocations and Predictions Procedures; TC  "6.2.3  RAM Requirements Allocations and Predictions Procedures" \l 1 
Appendix A ,paragraph 1.2, RAM Requirements Allocations and Predictions Procedures, provides detailed procedures on RAM allocations. RAM predictions shall be based upon commonly accepted RAM engineering practices. RAM estimates shall be documented as to the source of the estimate; for example, historical data, vendor data, test data, similar hardware data (parametric estimates), MIL-HDBK-217 estimates and engineering judgement may be used, as appropriate, to support RAM predictions.

6.3  PERFORM RAM ANALYSES AND TRADES. .3  PERFORM RAM ANALYSES AND TRADES. ; TC  "6.3  PERFORM RAM ANALYSES AND TRADES. " \l 1 
This task is part of design RAM optimization and therefore an integral part of the design effort. Appropriate RAM analyses will be initiated and participation in all system and equipment trades will ensure the incorporation of acceptable RAM practices, and visibility and assurance that selected designs will meet system RAM performance requirements.  Appendix A, paragraph 1.1 provides general design guidelines for RAM optimization.

6.4  FMECA.4  FMECA; TC  "6.4  FMECA" \l 1 
6.4.1  Conduct FMECAs.4.1  Conduct FMECAs; TC  "6.4.1  Conduct FMECAs" \l 1 
The FMECA will be conducted for all TPX operational modes and mission scenarios. The FMECA will determine and document all failure modes and causes and their effect on mission and shot success through a systematic and exhaustive methodology that provides confidence in the feasibility and adequacy of the proposed design to meet program performance requirements and objectives. FMECA will be composed of two elements: (1) FMECA planning to ensure that FMECA tasks are appropriately integrated into the TPX program and that its output will appropriately influence the TPX design/decision process; (2) FMECA methodology that ensures the analysis and categorization of all failure modes and attendant effects on system modes of operation. Emphasis will be placed on the identification and elimination/mitigation of single point failure modes and a criticality analysis that puts each potential failure mode into a ranking perspective of impact severity to the system.

6.4.2  FMECA Procedures.4.2  FMECA Procedures; TC  "6.4.2  FMECA Procedures" \l 1 
Perform FMECAs using MIL-STD-1629A guidance.  Appendix  A, paragraph 1.3, FMECA Procedures, provides further guidance on MIL-STD-1629A FMECA procedures and sample worksheet. 

6.5   Support RAM Risk Assessment and Mitigation..5   Support RAM Risk Assessment and Mitigation.; TC  "6.5   Support RAM Risk Assessment and Mitigation." \l 1 
Define and monitor the RAM design baseline, identify noncompliant (out-of-spec) conditions identified through FMECAs, design reviews or prediction reports, and perform supporting RAM risk assessments and effect mitigations as appropriate. 

6.6   DEVELOP MAINTENANCE PROCEDURES..6   DEVELOP MAINTENANCE PROCEDURES.; TC  "6.6   DEVELOP MAINTENANCE PROCEDURES." \l 1 
6.6.1  Subsystem Maintenance Requirements.6.1  Subsystem Maintenance Requirements; TC  "6.6.1  Subsystem Maintenance Requirements" \l 1 
Develop subsystem maintenance concepts to address scheduled and unscheduled maintenance subsystem requirements.  Emphasis will be placed on safe recovery and emergency actions required for Category I (catastrophic) and Category II (critical) failure modes identified by FMECA.  Equipment status monitoring indications and/or operator/maintenance detection of these failure modes will be identified in the analysis.  

6.6.2  Maintenance Tasks.6.2  Maintenance Tasks; TC  "6.6.2  Maintenance Tasks" \l 1 
Identify and define maintenance tasks, scheduled and unscheduled, as part of the FMECA process and consistent with the subsystem maintenance concept. Maintenance tasks shall be documented to include single point failure items, emergency recovery tasks, and the routine recovery tasks for each single point failure mode. FMECA Category I & II failure modes where no failure indication is evident will be identified and options to mitigate risk will be presented at design reviews or technical interchange meetings. 

6.7  Support and Test Equipment. .7  Support and Test Equipment. ; TC  "6.7  Support and Test Equipment. " \l 1 
This task is part of FMECA single point failure mitigation/recovery provisions. A preliminary list of support and test equipment requirements should be available for the PDR. Support and test equipment requirements will be identified at the FDR and updated during TPX test activities. Final support and test equipment requirements identification shall be established consistent with anticipated need dates for associated design reviews and procurement.

6.8 Spares Provisioning Requirements..8 Spares Provisioning Requirements.; TC  "6.8 Spares Provisioning Requirements." \l 1 
Preliminary spares provisioning requirements shall be identified at the FDR or earlier and updated during TPX test activities. Final spares provisioning requirements identification shall be established consistent with anticipated need dates. Spares provisioning is usually delayed to the last minute to avoid procuring wrong items or quantities and to delay incurred costs. Exceptions to this policy may include the procurement of lifetime buys of selected items.

6.9  SUPPORT RAM TRACKING AND IMPROVEMENT PROGRAM..9  SUPPORT RAM TRACKING AND IMPROVEMENT PROGRAM.; TC  "6.9  SUPPORT RAM TRACKING AND IMPROVEMENT PROGRAM." \l 1 
The WBS contractor shall support a RAM tracking and improvement program, as outlined in Appendix  A, paragraph 1.7.

6.10   SUPPORT RAM PROGRAM REVIEWS..10   SUPPORT RAM PROGRAM REVIEWS.; TC  "6.10   SUPPORT RAM PROGRAM REVIEWS." \l 1 
The WBS Contractors shall support subsystem RAM design reviews to include the RAM design portions of PDRs, FDRs, and program reviews as scheduled by PPPL to assure that the reliability program is proceeding in accordance with the program milestones and that the TPX system's quantitative requirements will be achieved.  The reliability program reviews/agendas will be coordinated by SIS and approved by PPPL.  Appendix A, paragraph 1.4 provides the guidelines of items to be covered at PDRs and FDRs.

7.0   SCHEDULES.0   SCHEDULES; TC  "7.0   SCHEDULES" \l 1 
Each of the following WBS contractors will be provided with a RAM milestone schedule and its relationship to the TPX program activities. 

WBS     
Name

11 
 PLASMA FACING COMPONENTS

12 
VACUUM VESSEL

13
TOROIDAL FIELD MAGNET

14 
POLOIDAL FIELD MAGNET

15
CRYOSTAT

16
 TOKAMAK SUPPORT STRUCTURE

18
TOKAMAK SHIELDING

19
 FEC/PPC COILS

21
 NEUTRAL BEAM INJECTION SYSTEM

23 
ICH/FWCD SYSTEM

24 
LHH/LHCD SYSTEM

34
VACUUM PUMPING SYSTEM

42
TOROIDAL FIELD (TF) POWER SYSTEMS

43 
POLOIDAL FIELD (PF) POWER SYSTEMS

62
 DIAGNOSTICS

72 
 CRYOGENIC EQUIPMENT

73 
HEATING & COOLING SYSTEMS

8.0  DEFINITIONS.0  DEFINITIONS; TC  "8.0  DEFINITIONS" \l 1 
The RAM definitions of MIL-STD-1629A apply, except as modified, below:

1.  Assessment

A critical appraisal including qualitative judgements about an item, such as importance of analysis results, design criticality, and in failure effect.


2.  Design Baseline

The TPX design baseline includes all approved TPX program documents, specifications, drawings, and incorporated ECPs. For RAM engineering purposes, the TPX RAM design baseline also includes all approved hardware configurations, design parameters such as derating factors, safety margins, test results, inspection results, vendor data, RAM engineering data, and FMECAs. 


3.  Discrepancy

Any imperfection, deficiency, flaw, lack of completeness, or any other condition at variance with technical requirements.


4.  Item

A nonspecific term used to denote any product, including systems, materials, parts, subassemblies, sets, and accessories.


5.   Critical Items

Critical items are those which require special attention because of complexity, application of advanced techniques, potential failure impact, or anticipated RAM problems. An item may be a candidate for critical item control if it meets any of the following criteria; however, engineering judgement is applied in each case:

(1) A failure of the item critically affects system operation or prevents the system from achieving specified objectives, and normal quality assurance methods do not provide adequate reliability control.

(2) A failure of the item precludes receiving data necessary to evaluate the accomplishment of mission objectives.

(3) The item has stringent performance requirement(s) in its application relative to state-of-the-art equipment.

(4) The item contains one or more single-point failure modes.

(5) The item is stressed beyond specified derating criteria.

(6) The item has a restricted operating and shelf life and/or susceptibility to environmental exposure that warrants controlled surveillance under specified conditions.

(7) The item requires special handling, transportation, storage, and/or test precautions.

(8) The item has an unsatisfactory operational history.

(9) The item does not have a history of its own, or similarity to other items sufficient to provide confidence in its reliability. 


6.  FMECA Critical Items

Category II (critical failure) severity items identified as part of the FMECA process (Reference MIL-STD-1629A, paragraph 4.4.2, FMEA process).


7.  Failure

The inability of an item to perform within previously specified limits.


8.  Critical Failure

Critical failure is any hardware performance which could cause a safety hazard to personnel or equipment which will result in mission loss. 


9.  Limited Life Item

An item whose projected life is less than the design life of the subsystem; for example seals, air filters, hoses and other items whose design life limitations require scheduled change-outs, inspections or other maintenance actions. 


10.  Major Failure

Major failure is any performance outside specifications limits which is not a critical failure.


11.  Minor Failure

Minor failure is any anomaly encountered at the piece-part level which of itself would not cause the next higher assembly to sustain a major or critical performance failure.


12.  Model

A model is defined as a systematic, analytical process used to predict RAM system parameters. The complexity of a RAM model may range from a simple block diagram of a few elements to a mathematical model of the total system. Models may be implemented either manually or through computer programming, and may specifically be used as a RAM tool to perform allocations, predictions, design, or support concept alternative trade-offs.  


13.  Reliability

Reliability is the probability that an item will perform its intended function for a specified interval under stated conditions. 


14.  Subtier Contractor

Any subtier contractor or supplier who furnishes components or subsystems to or for a prime contractor, WBS contractor, or another subtier contractor.
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 1  APPENDIX A TC  " 1  APPENDIX A" \l 1 
1.1  GENERAL RAM ENGINEERING PRINCIPLES.1  GENERAL RAM ENGINEERING PRINCIPLES; TC  "1.1  GENERAL RAM ENGINEERING PRINCIPLES" \l 1 

•  Avoid marginal stress situations.


•  Design with adequate margins and derating factors.


•  Overdesign critical features


•  Make design robust to uncertainties.


•  Keep the design as simple as possible.


•  Fewer parts means fewer failures


•  Even non-essential equipment can have failure modes which can shut the machine down (e.g. vacuum leaks).


•  "Design out" failure modes where possible (e.g. run inboard limiter plumbing, inside double wall VV, eliminate shield tiles, eliminate joints in TF/PF windings, etc.


•  Design for fault tolerance and graceful degradation


•  Where a function is essential and the reliability is suspect, add redundancy so that multiple failures are required for loss of function to occur.


•  Use field tested components and design approaches and well characterized materials wherever possible.


•  Design defensively - guard against adverse systems interactions.


•  Put RAM requirements in equipment specifications.


•  Perform development and qualification testing to develop confidence in manufacturing processes and component design.


•  Perform inspection to assure that what gets designed actually gets built.


•  Perform acceptance and system testing to ensure the equipment works as advertised.


•  Avoid unnecessary modifications and maintenance.


•  If it ain't broke, don't fix it... every instance where maintenance is performed or modifications are made is an opportunity to screw something up... this applies to software as well as hardware.


•  Institute an aggressive reliability improvement program (test, analyze, and fix) during testing and                         
   operation.


•  Guard against (but expect) failure initiators which are not  "random" in nature.


•  Failures are not always precipitated by random equipment failures.. as an example, eddy current heating of the TFTR TF coil case during VV conditioning nearly resulted in a catastrophic TF system failure even though everything operated as advertised.


•  Provide for quick recovery from failures.


•  Incorporate design features which facilitate fault isolation.


•  Provide reasonable modularity in the design avoiding the extremes of arduous fault isolation and repair at the  piece part level or prohibitively expensive and unwieldy replacement parts.


•  Implement a standards parts program to facilitate logistics support.


•  Order spares parts for long lead items.


•  Provide instant access; avoid putting equipment in controlled areas whenever possible, specifically the  cryostat, the plasma vacuum chamber (VV plus extensions), and test cell.


•  Avoid remote maintenance whenever possible; if it cannot be avoided, make it simple.


•  Provide ample space for maintenance, whether remote or hands-on.


•  Provide special purpose tools for time-consuming repetitive tasks.


•  Put maintainability requirements in equipment specifications.


•  Use maintenance simulation and mockups to verify and enhance maintainability.


•  Check out remote maintenance operations on the machine while hands-on maintenance is still possible. 

 
•  Remote maintainability must be demonstrated with mock-ups for all equipment requiring remote maintenance and for which maintenance scheduled or unscheduled) is a normal or anticipated event. 

1.2  RAM REQUIREMENTS ALLOCATIONS AND PREDICTIONS PROCEDURES.2  RAM REQUIREMENTS ALLOCATIONS AND PREDICTIONS PROCEDURES; TC  "1.2  RAM REQUIREMENTS ALLOCATIONS AND PREDICTIONS PROCEDURES" \l 1 
1.2.1  Translation of RAM Requirements.2.1  Translation of RAM Requirements; TC  "1.2.1  Translation of RAM Requirements" \l 1 
System operational RAM requirements are translated into quantifiable contractual terms and values and distributed through the system design hierarchy by the system RAM allocation process.  These allocations are based on preliminary operating and maintenance concepts, conceptual equipment designs, and preliminary RAM mathematical models.  As the system and program characteristics evolve, RAM allocations are refined, improved and system RAM allocations evolve.

As WBS specifications are drafted, RAM parameter requirements are developed based on estimated design complexity, operating duty cycles and environmental conditions, and top down allocations thresholds.  WBS specification requirements must be consistent with achievement of system level requirements, as well as achievable and affordable within the program schedule and budget.

Calculations using math models and parameter estimates determine if the initial allocations meet the system requirements and, if so, how much reserve is available.

1.2.2  RAM Allocation Revisions.  .2.2  RAM Allocation Revisions.  ; TC  "1.2.2  RAM Allocation Revisions.  " \l 1 
Changes to the specified system level RAM allocations occur only due to the following conditions:


(1)
RAM requirements are revised by updated program direction.  Revised system RAM requirements result in changes to allocations for WBS contractors.


(2)
Design details or revised operational/maintenance concepts revealed at PDRs, CDRs can result in RAM requirements changes.


(3)
Contractors/Subcontractors RAM predictions or test data indicate that equipment can not achieve specified RAM requirements.  This can result in design changes, RAM analysis improvements or reallocations.  Sometimes sufficient reserve exists to take care of equipment in question.  Contractors/subcontractors RAM requirements to be substantiated by piece part level predictions.

1.2.3
Prediction Procedures. The following three documents  provide guidance in performing RAM predictions:  

·
MIL-HDBK-217
Reliability Prediction of Electronic Equipment

·
MPRD-94

Non-Electronic Parts Reliability Data

·
MIL-HDBK-472
Maintainability Predictions

System reliability and maintainability predictions are analytical estimates of operational system reliability and availability at maturity.  System RAM predictions are analytical tools used to judge the potential of the system design to achieve mature operational RAM requirements and allocations.

RAM predictions are interactive and expand and improve as the program and design evolve.  Accuracy of system RAM predictions is determined by:


(1)
Accuracy and completeness of design details and operating and maintenance conditions.


(2)
Accuracy of applicable and completeness of system math models.


(3)
Correctness of applicable subsystem contractor predictions.


(4)
Accuracy of component failure rates.


(5)
Accuracy of estimates of environmental factors.  RAM predictions are complex analyses.  Extensive experience, information gathering and good judgement are required to accomplish accurate, useful RAM predictions.

RAM predictions of the TPX system will be used as indicators of the potential capability of the design and program to achieve the system RAM requirements at maturity, hence detailed RAM predictions should be the data item deliverable at design reviews, PDRs, FDRs, etc.  System Engineering Services and PPPL approval will be required for all WBS RAM predictions.
1.3  FMECA Procedures.3  FMECA Procedures; TC  "1.3  FMECA Procedures" \l 1 
1.3.1  Policy.3.1  Policy; TC  "1.3.1  Policy" \l 1 
1.3.1.1  The FMECA will be the major source of TPX project RAM data and therefore must be performed in a disciplined and rigorous manner.

1.3.1.2  FMECAs shall be performed for the primary purpose of identifying and defining remedial action for design features or characteristics where a single failure could cause permanent loss of all or major system or mission capability, or result in a catastrophic hazard. Other purposes of FMECAs include revealing whether failure detection exists for all critical failure modes; identifying the criticality of various failure modes for redundancy, sparing, servicing/repairing, and logistics purposes; revealing where time critical responses might be needed; and identifying whether interfaces with allied equipment are fault-isolated, and finding any limited-life items.

1.3.1.3 The FMECAs shall be performed to increasing levels of depth as the design evolves, with the purpose of guiding and influencing the design. Emphasis shall be placed upon early recognition of weaknesses rather than depth of detail. The focus shall be on the WBS sub-system interfaces where single point failures can be minimized.

1.3.1.4 Proposed design changes which could potentially impact reliability shall be evaluated from a FMECA viewpoint.  FMECA is performed to aid in the evaluation of the design and to provide basis of establishing corrective actions.

1.3.2  Responsibilities.3.2  Responsibilities; TC  "1.3.2  Responsibilities" \l 1 
The WBS Manager is responsible for ensuring proper performance of FMECA activity. R&M and/or design engineers will generally perform the FMECAs.  A close working relationship is essential with subsystem engineering in order that the FMECAs can be performed early in the design and that they correctly interpret how the hardware functions. Results shall be presented at the applicable system and subsystem requirements and design reviews, both internal and external,  and documented in accordance with contract requirements.

System Engineering Services (SIS) contractor is responsible for the guidance, review and providing recommendations on FMECAs conducted.  This will be done with PPPL coordination and final approval will be PPPL's responsibility. 

1.3.3  Procedure.3.3  Procedure; TC  "1.3.3  Procedure" \l 1 
MIL-STD-1629A, Procedures for Performing a Failure Mode, Effects and Criticality Analysis, shall be used as guidance in performing the FMECA. Outputs generated as a result of the FMECA include (reference MIL-STD-1629A):


•A FMECA plan (Task 105)


•Ground rules and assumptions (4.3.2)


•Failure definition (4.3.5)


•Reliability and functional block diagrams (Task 101)


•Trade-off study reports (4.4.1.2)


•Reliability Data (4.4.1.4)


•A limited-life items list (4.4.2.g)


•Design Data and Drawings (4.4.1.3)


•Worksheet Format (4.3.1)


•Indenture Level (4.3.3)


•Coding System (4.3.4)


•FMECA maintainability information (Task 103)


•FMECA report (4.5 and Task 102)



-  FMECA summary (4.5.1)



-  Reliability critical items lists (4.5.2)




--  Category I and Category II failure mode list (4.5.2.1)




--  Single failure points list (4.5.2.2)(see MIL-STD-1629A definition)

1.3.4  Schedule of FMECA Activities.3.4  Schedule of FMECA Activities; TC  "1.3.4  Schedule of FMECA Activities" \l 1 
1.3.4.1 During the Conceptual Phase


•  Develop preliminary RAM block diagrams


•  Develop preliminary RAM predictions


•  Develop preliminary failure definition


•  Develop FMECA candidates list

∑

•  Develop Preliminary FMECA Worksheet

∑

∑  Develop/identify failure modes and postulated root causes


1.3.4.2 During the Preliminary Design Phase (e.g. through the Preliminary Design Review PDR])  


•  Develop a FMECA plan


•  Develop ground rules and assumptions


•  Develop failure definition


•  Develop or update preliminary RAM mathematical block diagrams


•  Develop functional block diagrams


•  Perform subsystem FMECA to a level consistent with design


•  Generate R&M trade-off studies and reports


•  Develop preliminary FMECA maintainability information


•  Generate a preliminary FMECA report to include: 



-  FMEA and FMECA work sheets



-  FMECA summary



-  Reliability critical items 




--  Category I and category II failure mode list




--  Single failure points list




--  Summary of design changes as a result of FMECA (if applicable)

1.3.4.3 During the Final Design Phase.3.4.3 During the Final Design Phase; TC  "1.3.4.3 During the Final Design Phase" \l 1  (e.g. through the Final Design Review [FDR])


•  Perform final FMECAs to lowest replaceable item


•  Update mathematical block diagrams


•  Generate R&M trade-off studies and reports


•  Generate final FMECA maintainability information


•  Generate final FMECA report to include: 



-  FMECA summary



-  Reliability critical items 




--  Category I and category II failure mode list




--  Single failure points list 

1.3.4.4 FMECA Worksheet .3.4.4 FMECA Worksheet ; TC  "1.3.4.4 FMECA Worksheet " \l 1 
Figure 1.3.4.4-1 is an example of an FMECA worksheet based on the MIL-STD-1629A guidance.  WBS contractor should submit their FMECA Plan and workheet to PPPL for coordination and approval.
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1.4 
RAM DESIGN REVIEW CHECKLISTS.4 
RAM DESIGN REVIEW CHECKLISTS; TC  "1.4 
RAM DESIGN REVIEW CHECKLISTS" \l 1 

PRELIMINARY DESIGN REVIEW (PDR) RAM CHECKLIST 
 
(adapted from MIL-STD-1521B, Appendix "D")

1.4.1  Design Reliability..4.1  Design Reliability.; TC  "1.4.1  Design Reliability." \l 1 
1.4.1.1  Identify the quantitative reliability requirements specified in the hardware Development and Software Requirements Specifications, including design allocations, and the complexity of the hardware configuration items (HWCIs). 

1.4.1.2  Review failure rate sources, derating policies, and prediction methods. Review the reliability mathematical models and block diagrams as appropriate.  Compare preliminary predictions with specified requirements.

1.4.1.3  Describe planned actions when predictions are less than specified requirements.

1.4.1.4  Identify and review parts or components which have a critical life or require special consideration, and general plan for handling.  WBS contractors so affected will present planned actions to deal with these components or parts.

1.4.1.5  Identify applications of redundant HWCI elements. Evaluate the basis for their use and provisions for "on-line" switching of the redundant element.

1.4.1.6  Identify and provide RAM input to risk analysis.

1.4.1.7  Review critical signal paths to determine that a fail-safe/fail-soft design has been provided.  

1.4.1.8  Review margins of safety for HWCIs between functional requirements and design provisions for elements, such as: power supplies, motors and pumps. Similarly, review structural and mechanical elements; i.e., beams, valves and moving arms to determine that adequate margins of safety will be provided between operational stresses and design strengths.

1.4.1.9  Review Reliability Design Guidelines developed by SIS/WBS contractors for HWCIs to insure that design reliability concepts will be available and used by equipment designers. Reliability Design Guidelines will include, as a minimum, part application guidelines (electrical derating, thermal derating, part parameter tolerances), part selection order of preference, prohibited parts/materials, reliability apportionments/predictions and management procedures to ensure compliance with the guidelines. 

1.4.1.10  Review elements of reliability program plan to determine that each task has been initiated toward achieving specified requirements. 

1.4.1.11  Review subcontractor/supplier reliability controls.

1.4.2 Design Maintainability..4.2 Design Maintainability.; TC  "1.4.2 Design Maintainability." \l 1 
1.4.2.1 Identify the quantitative maintainability requirements specified in the hardware Development and Software Requirements Specifications, if applicable.


•Compare preliminary predictions with specified requirements.

1.4.2.2 Review HWCI maintenance concepts for compatibility with system cost, schedule and performance objectives.

1.4.2.3 Review HWCI preventive maintenance schedules in terms of frequencies, durations, and compatibility with system schedules.

1.4.2.4 Review repair rate sources and prediction methods.

1.4.2.5 Review planned actions when predictions indicate that the specified requirements will not be attained. 

1.4.2.6 Review planned designs for assessibility, testability, and ease of maintenance characteristics (including provisions for automatic or operator-controlled recovery from failure/malfunctions) to determine consistency with specified requirements.

1.4.2.7 Determine if planned HWCI design indicates that parts, assemblies, and components will be so placed that there is sufficient space to use test probes, and other tools without difficulty and that they are placed so that structural members of units do not prevent access to them or their ease of removal.

1.4.2.8 Review provisions for diagnosing cause(s) of failure; means for localizing source to lowest replaceable element; adequacy and locations of planned test points; and planned system diagnostics that provide a means for isolating faults to and within the configuration item. This review will encompass on-line diagnostics, off-line diagnostics, and proposed technical orders and/or commercial manuals. 

1.4.2.9 Review for HWCIs the preliminary maintainability demonstration plan for the maintenance mock-up demonstration, including the specifics of each maintenance task to be demonstrated; general plans for introducing faults into the HWCI (if applicable) and personnel involved in the demonstration. 

1.4.2.10 Review elements of maintainability program plan to determine that each task has been initiated toward achieving specified requirements.

1.4.2.11 Insure that consideration has been given to optimizing the system/item from a maintainability and maintenance viewpoint and that it is supportable within the maintenance concept as developed.


FINAL DESIGN REVIEW (FDR) RAM CHECKLIST 

(adapted from MIL-STD-1521B, Appendix "D")
1.4.3  The Critical Design Review is conducted when equipment design is essentially complete.  The purpose of the review is to (1) determine that the proposed design satisfies the performance and engineering requirements of the development specification, (2) establish compatibility among all system items, (3) assess risk areas and, (4) determine production readiness. 

1.4.4  Review the most recent predictions of hardware and software reliability and compare against requirements specified in hardware Development Specification and Software Requirements Specification.  For hardware, predictions are substantiated by review of parts application stress data.

1.4.5  Review applications of parts or configuration items with minimum life, or those which require special consideration to insure their effect on system performance is minimized.

1.4.6  Review completed Reliability Design Review Checklist to insure principles have been satisfactorily reflected in the configuration item design.

1.4.7  Review applications of redundant configuration item elements or components to establish that expectations have materialized since the PDR.

1.4.8  Review detailed HWCI reliability demonstration plan for compatibility with specified test requirements.  The number of test articles, schedules, locations, test conditions, and personnel involved are reviewed to insure a mutual understanding of the plan and to provide overall planning information to activities concerned.

1.4.9  Review the failure data reporting procedures and methods for determination of failure trends.

1.4.10  Review the thermal analysis of components, printed circuit cards, modules, etc.  Determine if these data are used in performing the detailed reliability stress predictions.

1.4.11  Review on-line diagnostic programs, off-line diagnostic programs, support equipment, and preliminary technical orders (and/or commercial manuals) for compliance with the system maintenance concept and specification requirements.

1.4.12  Review software reliability prediction model and its updates based upon test data and refined predictions of component usage rates and complexity factors.

Design Maintainability
1.4.13  Review the most recent predictions of quantitative maintainability and compare these against requirements specified in the HWCA Development Specification  and Software Requirements Specification.

1.4.14  Review preventive maintenance frequencies and durations for compatibility with overall system requirements and planning criteria.

1.4.15  Identify unique maintenance procedures required for the configuration item during operational use and evaluate their total effects on system maintenance concepts.  Assure that system is optimized from a maintenance and maintainability viewpoint and conforms with the planned maintenance concept.  This shall include a review of provisions for automatic, semi-automatic, and manual recovery from hardware/software failures and malfunctions.

1.4.16  Identify design-for-maintainability criteria provided in the checklist in the design detail to ensure that criteria have in fact been incorporated.

1.4.17  Determine if parts, assemblies, and other items are so placed that there is sufficient space to use test probes, soldering irons, and other tools without difficulty and that they are placed so that structural members of units do not prevent access to them or their ease of removal.

1.4.18  Review detailed maintainability demonstration plan for compatibility with specified test requirements.  Supplemental information is provided and reviewed to insure a mutual understanding of the plan and to provide overall planning information to activities concerned.

1.5  RELIABILITY RISK MANAGEMENT.5  RELIABILITY RISK MANAGEMENT; TC  "1.5  RELIABILITY RISK MANAGEMENT" \l 1 
1.5.1 Reliability Risk.5.1 Reliability Risk; TC  "1.5.1 Reliability Risk" \l 1 
Reliability Risk is defined as the possibility of failure to meet a specified objective or requirement.

•Delta probability of success or probability of failure


-  Known risks (for example, known failure rates and modification burn-in)


-  Known unknowns (i.e., bounded risks such as cooling system corrosion)


-  Unknown unknowns (latent defects or unexpected latent failures)

•TPX reliability risk may be categorized as follows:


-  Mission reliability risk


-  Availability risk


-  Shot reliability risk


-  Spares reliability risk

•TPX reliability risk mitigation programs consists of management, engineering, logistics and assessment activities that cumulate in corrective actions, PMRs, and etc. TPX reliability risk mitigation includes the following elements with emphasis on detecting, scoping, quantifying and managing reliability risk lead time away for corrective action.


-  Good design baseline                    


-  Quality programs


-  Reliability programs


-  Test programs


-  Assessment programs


-  Program reviews

1.5.2 Background.5.2 Background; TC  "1.5.2 Background" \l 1 
Experience has shown that the deployment of a complex system with major technological advances will invariably have significant reliability deficiencies that could not be foreseen in the early design phases. TPX is one of the more complex and technologically advanced systems under development today. The primary objective of the TPX RAM Program is therefore to minimize or perhaps eliminate such an expectation for the TPX Project.

From a reliability engineering perspective, the TPX design incorporates all the classic hardware reliability risks associated with radiation effects, electrical stress, thermal stress, vibration, moisture, friction and contamination. The primary TPX design concern for reliability (and by extension, maintainability) is induced or activation radiation levels in the TPX toroid structure. Radiation effects change the molecular structure or composition of materials and/or otherwise create unique potential failure modes and maintainability considerations. The RAM designs for the plasma furnace, furnace facing materials and superconducting magnet components are critical considerations for TPX success. Therefore, the thrust of the toroid design RAM effort must be to minimize induced radiation and to appropriately address the resulting radiation levels.

Thus, it will not be unexpected for the new-design elements of TPX to experience significant reliability deficiencies. The major reliability deficiencies will most likely involve new materials and processes whose reliability impact could not have been foreseen in the early design phases. Further, it can be expected that, should significant TPX reliability problems emerge, dedicated management attention and significant resources will be required to correct the problem.

1.5.3 Reliability Lessons Learned.5.3 Reliability Lessons Learned; TC  "1.5.3 Reliability Lessons Learned" \l 1 
(From Defense Communications-Electronics and ICBM Experience)

System design (including design for operations, maintenance and repair cycle activities) does not always address the classic reliability drivers: (1) Temperature, (2) Contamination, (3) Moisture, (4) Shock, (5) Stress; and (6) Human error [added].


•Advanced technology parts and assemblies are unforgiving



-  Design, production, use and repair processes must be rigorously implemented, controlled, audited and verified.


•High reliability parts almost never fail



-  Over 90% of all failures are due to assembly workmanship, design errors, Interface defects or instrument performance anomalies.


•There is [almost] no such thing as a random failure



-  Failures, like accidents, all have discrete causes



​ The root cause of almost all failures can be determined given sufficient time, money and technical capability


•Workmanship can cause latent failures


•Software design errors cause failures


•Safety margins are not always documented


•Design documents are not always correct


•Mature systems are well behaved


•Hardware mods can reset reliability growth curves

1.5.4  Reliability Risk Quantification and Disposition.5.4  Reliability Risk Quantification and Disposition; TC  "1.5.4  Reliability Risk Quantification and Disposition" \l 1 
Once a potential reliability risk is exposed, the following general assessment methodology will be used for reliability risk assessment and disposition:

1.5.4.1  Identify hardware defect(s) and failure mechanism(s)..5.4.1  Identify hardware defect(s) and failure mechanism(s).; TC  "1.5.4.1  Identify hardware defect(s) and failure mechanism(s)." \l 1 

•Perform an exhaustive, disciplined root cause failure analysis.


•Review Failure Modes and Effects Analysis (FMECAs), as required.

1.5.4.2  Scope suspect hardware and locations.


•Identify affected hardware by configuration, serial numbers, part numbers, lot numbers, repair date or location and/or other identification, as appropriate.


•Identify affected hardware by locations such as operational, spares, repair cycle, production and test facilities, and etc.

1.5.4.3 Develop estimates of probability of component failure, given that defect exists for the TPX environment. 


•Function of vibration, shock, acceleration, orientation, power/temperature cycles, operating time, storage time, etc.


•Perform the appropriate supporting analyses.

1.5.4.4 Perform component part safety margin analysis.


•Specification versus driven device requirement


•Design versus known performance

1.5.4.5 Relate component failures to system function/failures and develop estimates of probability of system failure.


•Update component/system level FMECA, as required.  


•Perform the appropriate component and system level analyses. 


•Assess component impact in relation to system requirements using TPX system RAM model. 

1.5.4.6 Report preliminary hardware risk assessment results and any immediate recommendations for corrective action in a timely manner.


•Prepare and deliver a preliminary reliability risk assessment.


•Prepare and deliver recommendations for any necessary immediate corrective action.

1.5.4.7 Develop corrective action options for disposition of suspect hardware such as:


•Normal repair procedures ‑ no corrective actions.


•Screen tests/inspections ‑ as available or develop a new plan.


•R&R suspect components ‑ during other repair actions.


•Remove suspect hardware from service ‑ forced R&R of suspect components.

1.5.4.8 Evaluate risk reduction and implementation impacts for promising corrective actions.


•Perform an evaluation of the effectiveness of proposed fixes based upon test data, engineering analyses and other available data.


•Evaluate the potential for added/induced risk as the result the corrective action.

1.5.4.9 Develop estimates of system impacts without corrective actions.


•Impact on TPX system reliability and availability.  

 
•Consider variable impacts such as time dependent degradation.

1.5.4.10 Develop corrective action option trades/conclusions and recommendations to include  corrective actions such as:


•Improved repair procedures and processes.


•Hardware modifications.

1.5.4.11 Report final reliability risk assessment and recommendations for corrective action.


•Prepare and deliver final reliability risk assessment.


•Prepare and deliver recommendations for any necessary corrective action.

1.5.4.12 Monitor and evaluate the effectiveness of corrective actions.


•Participate in corrective action as necessary and follow up on fixes.

1.5.4.13 Update FMECAs and reliability risk assessments, as required.


•Provide reliability updates to program reviews.


•Provide update to program documents as required.

1.6
RAM TRACKING AND IMPROVEMENT PROGRAM.6
RAM TRACKING AND IMPROVEMENT PROGRAM; TC  "1.6
RAM TRACKING AND IMPROVEMENT PROGRAM" \l 1 
To be Supplied

1.7
TRAINING AND TRANSITION TPX OPERATIONS PERSONNEL.7
TRAINING AND TRANSITION TPX OPERATIONS PERSONNEL; TC  "1.7
TRAINING AND TRANSITION TPX OPERATIONS PERSONNEL" \l 1 
To be Supplied
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