B.2, MRL 1 – Design Maturity

Text:

Manufacturing research opportunities identified.  

Background:

Prior to the Materiel Solution Analysis (MSA) phase of acquisition, manufacturing processes are limited to characterizing the state of the manufacturing risk of a potential product than assessing manufacturing aspects of the outcome of scientific discovery.  Alternatively, assessing manufacturing aspects of new technologies or materials may provide insight into new manufacturing processes that need to be developed to achieve innovative new products.   MRL 1 activities in manufacturing design maturity are usually restricted to identifying research opportunities and making investment plans to support new approaches and technologies to support the manufacturing process.

Goal: 

This is the lowest level of manufacturing readiness.  The focus is to address manufacturing shortfalls and opportunities needed to advance the state of the art in manufacturing. Basic research (i.e., funded by budget activity) begins in the form of studies.  In this early stage MRLs should only be used to obtain knowledge that would be useful to leadership to make informed decisions on which future manufacturing risk areas or technologies they may wish to address when proceeding into the Applied Research phase or to define manufacturing areas where more basic research needs to be done.

Rationale:

 The purpose of MRLs in S&T is to help transition capability to our Warfighters more effectively and efficiently. MRL use within Basic Research focuses on identifying technology options that can be applied to the manufacturing process to support delivery of higher performance and more affordable Warfighter solutions.

Definitions: 

Basic Research:  Basic Research is a systematic study directed toward greater knowledge or understanding of the fundamental aspects of phenomena and of observable facts without specific applications toward processes or products in mind. It includes all scientific study and experimentation directed toward increasing fundamental knowledge and understanding in those fields of the physical, engineering, environmental, and life sciences related to long-term national security needs. It is farsighted, potentially high-payoff research that provides the basis for technological progress. It is difficult to visualize how to use MRLs in this early phase where there is no specific application identified for a process or product.  Understanding how new knowledge can be used matures over the course of the basic research period so that at its conclusion, application can begin for specific use.  For manufacturing, this new knowledge may translate into new or improved manufacturing processes or new manufacturing technology.  Researchers at this point may see immediate application to manufacturing, or they may discover side benefits to manufacturing in later phases of S&T.
Sources of Information: 

The S&T community, both S&T sponsors like the Service S&T organizations and research organizations in academia and industry provide a plethora of collaborative technical information in the state of the art in manufacturing science and technology.  Professional organizations provide the ideal forum for exchange of new ideas and approaches to exploring the boundaries of discovery and invention.  Gatherings of researchers from academia, industry and government, including international forums serve to further the state of knowledge. 

Questions:

1. Have manufacturing opportunities been identified?
Additional Considerations:

· What are the major impediments to manufacturing with new materials or achieving streamlined manufacturing processes producing more affordable products?

· What new Warfighter capabilities are being held back due to manufacturing costs or full scale productization solutions?

· Where are we reaching the point of diminishing returns in manufacturing efficiency improvements due to limitations in current processes or availability of materials where alternate methods may offer new solutions?

· Who are the major investment supporters for manufacturing S&T and what programs are they funding?

· What are the new frontiers in manufacturing S&T where breakthroughs are likely to make a major impact?

Lessons Learned: 

A community of interest approach to generating collaboration between S&T, requirements, acquisition and manufacturing is essential in communicating manufacturing challenges for future exploration by the research community.

Reference Document(s): 

Defense Science Board Report on Manufacturing

GAO Report on Manufacturing

DoD Basic Research Plan

Manufacturing Readiness Level (MRL) Deskbook
B.2, MRL 2 – Design Maturity
Text:

Applications defined.   Broad performance goals identified that may drive manufacturing options.  
Background:

Prior to the Materiel Solution Analysis (MSA) phase of acquisition, manufacturing processes are limited to characterizing the state of the manufacturing risk of a potential product than assessing manufacturing aspects of the outcome of scientific discovery.  Alternatively, assessing manufacturing aspects of new technologies or materials may provide insight into new manufacturing processes that need to be developed to achieve innovative new products.   MRL 2 activities in manufacturing design maturity are focused on basic research investments that will lead to new manufacturing technology options.  Research can either build on other scientific discoveries or explore completely new areas with potentially promising results.  Ties to future applications with manufacturing benefit are becoming apparent as new inventions start to unfold.
Goal: 

This level is characterized by describing the application of new manufacturing concepts.  Applied research translates basic research into solutions for broadly defined military needs.  Typically this level of readiness includes identification, paper studies and analysis of material and process approaches.  An understanding of manufacturing feasibility and risk is emerging.  In this early stage MRLs should only be used to obtain knowledge that would be useful to leadership to make informed decisions on which future manufacturing risk areas or technologies they may wish to address when proceeding into the Applied Research phase or to define manufacturing areas where more basic research needs to be done.
Rationale:

The purpose of MRLs in S&T is to help transition capability to our Warfighters more effectively and efficiently. MRL use within Basic Research focuses on identifying technology options that can be applied to the manufacturing process to support delivery of higher performance and more affordable Warfighter solutions.  

Definitions: 

Basic Research:  Basic Research is a systematic study directed toward greater knowledge or understanding of the fundamental aspects of phenomena and of observable facts without specific applications toward processes or products in mind. It includes all scientific study and experimentation directed toward increasing fundamental knowledge and understanding in those fields of the physical, engineering, environmental, and life sciences related to long-term national security needs. It is farsighted, potentially high-payoff research that provides the basis for technological progress. It is difficult to visualize how to use MRLs in this early phase where there is no specific application identified for a process or product.  Understanding how new knowledge can be used matures over the course of the basic research period so that at its conclusion, application can begin for specific use.  For manufacturing, this new knowledge may translate into new or improved manufacturing processes or new manufacturing technology.  Researchers at this point may see immediate application to manufacturing, or they may discover side benefits to manufacturing in later phases of S&T.
Sources of Information: 

The S&T community, both S&T sponsors like the Service S&T organizations and research organizations in academia and industry provide a plethora of collaborative technical information in the state of the art in manufacturing science, technology and concepts.  Professional organizations provide the ideal forum for exchange of new ideas and approaches to exploring the boundaries of discovery and invention.  Gatherings of researchers from academia, industry and government, including international forums serve to further the state of knowledge. 

Questions:

1. Have applications been defined?

2. Have broad performance goals been identified that may drive manufacturing options?

Additional Considerations:

· What are the major impediments to manufacturing with new materials or achieving streamlined manufacturing processes producing more affordable products?

· What new Warfighter capabilities are being held back due to manufacturing costs or full scale productization solutions?

· Where are we reaching the point of diminishing returns in manufacturing efficiency improvements due to limitations in current processes or availability of materials where alternate methods may offer new solutions?

· Who are the major investment supporters for manufacturing S&T and what programs are they funding?

· What are the new frontiers in manufacturing S&T where breakthroughs are likely to make a major impact?

· What new manufacturing concepts are being explored and how do they apply to DoD manufacturing obstacles?

Lessons Learned: 

A community of interest approach to generating collaboration between S&T, requirements, acquisition and manufacturing is essential in communicating manufacturing challenges for future exploration by the research community.

Reference Document(s): 

Defense Science Board Report on Manufacturing

GAO Report on Manufacturing

DoD Basic Research Plan

Manufacturing Readiness Level (MRL) Deskbook
B.2, MRL 3 – Design Maturity

Text:

Top level performance requirements defined.  Trade-offs in design options assessed based on experiments.  Product lifecycle and technical requirements evaluated.    

Background:

The main purpose of MRLs in this phase is to help assess the manufacturing feasibility of various alternatives being considered in order to understand the risks with proceeding with the selected solution(s).  The manufacturing risk identified in this phase needs to be addressed in the Technology Development Phase risk mitigation efforts and reflected in all cost estimates. 

Goal: 

This level begins the validation of the manufacturing concepts through analytical or laboratory experiments.  This level of readiness is typical of technologies in Applied Research and Advanced Development.  Materials and/or processes have been characterized for manufacturability and availability but further evaluation and demonstration is required.  Experimental hardware models have been developed in a laboratory environment that may possess limited functionality.  In this early stage MRLs should only be used to obtain knowledge that would be useful to leadership to make informed decisions on which future manufacturing risk areas or technologies they may wish to address when proceeding into the Applied Research phase or to define manufacturing areas where more basic research needs to be done.
Rationale:

The purpose of MRLs in S&T is to help transition capability to our Warfighters more effectively and efficiently. MRL use within Basic Research focuses on identifying technology options that can be applied to the manufacturing process to support delivery of higher performance and more affordable Warfighter solutions.  

Definitions: 

1. Basic Research:  Basic Research is a systematic study directed toward greater knowledge or understanding of the fundamental aspects of phenomena and of observable facts without specific applications toward processes or products in mind. It includes all scientific study and experimentation directed toward increasing fundamental knowledge and understanding in those fields of the physical, engineering, environmental, and life sciences related to long-term national security needs. It is farsighted, potentially high-payoff research that provides the basis for technological progress. It is difficult to visualize how to use MRLs in this early phase where there is no specific application identified for a process or product.  Understanding how new knowledge can be used matures over the course of the basic research period so that at its conclusion, application can begin for specific use.  For manufacturing, this new knowledge may translate into new or improved manufacturing processes or new manufacturing technology.  Researchers at this point may see immediate application to manufacturing, or they may discover side benefits to manufacturing in later phases of S&T.
2. Analysis of Alternatives (AoA):  The AoA assesses potential materiel solutions to satisfy the capability need documented in the approved Initial Capabilities Document (ICD). It focuses on identification and analysis of alternatives, measures of effectiveness (MOE), cost, schedule, concepts of operations, and overall risk, including the sensitivity of each alternative to possible changes in key assumptions or variables. The AoA also assesses critical technology elements (CTE) associated with each proposed materiel solution, including technology maturity, integration risk, manufacturing feasibility, and, where necessary, technology maturation and demonstration needs. The AoA is normally conducted during the Materiel Solution Analysis (MSA) phase of the Defense Acquisition Management System (DAMS), is a key input to the Capability Development Document (CDD), and supports the materiel solution decision at Milestone A.

Sources of Information: 

This information comes from Program Office that is establishing the initial foundation of the program, either in the PEO, SYSCOM or Warfare Center/DoD laboratory (i.e., the organization putting forth the initial concept and establishing the capability requirement).  The AOA will identify potential solutions that can lead to potential design approaches.  From here manufacturing needs can be deduced.

Questions:

1. Have top level performance requirements been defined?

2. Have trade-offs in design options been assessed based on experiments?

3. Are product lifecycle requirements and technical requirements being evaluated?

Additional Considerations:

· What are the envisioned manufacturing challenges for the potential technologic solutions being considered for this capability?

· Are new manufacturing technologies potentially required to address these challenges?

· Are there new manufacturing processes needed to address the anticipated production requirements?

· Who are the major investment supporters for manufacturing S&T and what programs are they funding?

· What are the new frontiers in manufacturing S&T where breakthroughs are likely to make a major impact?

Lessons Learned: 

1. Identifying new material usage or manufacturing needs or techniques that extend beyond the current production boundaries early is essential to making smart design decisions and avoiding manufacturing risk.

2. Early investment in manufacturing technology or process development is essential to avoiding major cost, schedule and performance issues during follow on acquisition phases of the program.

Reference Document(s): 

Defense Science Board Report on Manufacturing

GAO Report on Manufacturing

Manufacturing Readiness Level (MRL) Deskbook
B.2, MRL 4 – Design Maturity

Text:

SEP and Test and Evaluation Strategy recognize the need for the establishment/validation of manufacturing capability and management of manufacturing risk for the product lifecycle.  Initial potential Key Performance Parameters (KPPs) identified for preferred systems concept.  System characteristics and measures to support required capabilities identified.  Form, fit, and function constraints identified and manufacturing capabilities identified for preferred systems concepts.    

Background:

The main purpose of MRLs in this phase is to help assess the manufacturing feasibility of various alternatives being considered in order to understand the risks with proceeding with the selected solution(s).  The manufacturing risk identified in this phase needs to be addressed in the Technology Development Phase risk mitigation efforts and reflected in all cost estimates. 

Goal: 

MRL 4 acts as an exit criterion for the Materiel Solution Analysis (MSA) Phase approaching a Milestone A decision. Technologies should have matured to at least TRL 4. This level indicates that the technologies are ready for the Technology Development Phase of acquisition.  At this point, required investments, such as manufacturing technology development, have been identified.  Processes to ensure manufacturability, producibility, and quality are in place and are sufficient to produce technology demonstrators.  Manufacturing risks have been identified for building prototypes and mitigation plans are in place.  Target cost objectives have been established and manufacturing cost drivers have been identified.  Producibility assessments of design concepts have been completed.  Key design performance parameters have been identified as well as any special tooling, facilities, material handling and skills required.

Rationale:

Manufacturing feasibility answers the question "can you build it and achieve program objectives?"  An assessment of manufacturing feasibility, using MRL criteria, is an examination of the key manufacturing drivers and processes to determine the likelihood of meeting program cost, schedule, and performance objectives.  The assessment of manufacturing feasibility helps a program to: (1) Better understand the risk, (2) allow the program to begin risk mitigation efforts, and (3) provide critical information to accurately reflect the financial risk in both the estimating and funding processes.  The assessment of manufacturing feasibility provides the foundation for planning efforts necessary to resolve the identified risk.
     Manufacturing feasibility assessments are usually associated with the beginning of any project no matter what phase is being entered.  These assessments should be performed in the conceptual phase, or in acquisition terms, the Materiel Solution Analysis Phase.  The key is, before selecting any potential solution, the manufacturing feasibility/ readiness should be evaluated to understand the risk of achieving the cost and schedule for any proposed approach.

Definitions: 

1. Key Characteristics (KCs):   A feature of a material, process, or part (includes assemblies) whose variation within the specified tolerance has a significant influence on product fit, performance, service life, or manufacturability.
2. Key Performance Parameters (KPPs):  Those attributes or characteristics of a system that are considered critical or essential to the development of an effective military capability and those attributes that make a significant contribution to the characteristics of the future joint force.  KPPs must be testable to enable feedback from test and evaluation efforts to the requirements process.
3. Analysis of Alternatives (AoA) Assessments:  Manufacturing feasibility for each alterative must be assessed by quantifying the risk of the industrial base capability and capacity to achieve the program’s cost, schedule and performance objectives. This information will be used to down-select the alternatives and to implement the identified risk reduction activities. 
4. Analysis of Alternatives (AoA):  The AoA assesses potential materiel solutions to satisfy the capability need documented in the approved Initial Capabilities Document (ICD). It focuses on identification and analysis of alternatives, measures of effectiveness (MOE), cost, schedule, concepts of operations, and overall risk, including the sensitivity of each alternative to possible changes in key assumptions or variables. The AoA also assesses critical technology elements (CTE) associated with each proposed materiel solution, including technology maturity, integration risk, manufacturing feasibility, and, where necessary, technology maturation and demonstration needs. The AoA is normally conducted during the Materiel Solution Analysis (MSA) phase of the Defense Acquisition Management System (DAMS), is a key input to the Capability Development Document (CDD), and supports the materiel solution decision at Milestone A.
5. Initial Capabilities Document (ICD):  The ICD identifies a capability gap or other deficiency in terms of the functional area, the relevant range of military operations, and the timeframe. The ICD describes the evaluation of DOTMLPF approaches. Key Performance Parameters (KPP) are not included in the ICD. The ICD guides the Concept Refinement and Technology Development phases of the Defense Acquisition System and supports Analysis of Alternatives (AoA) and the Milestone A decision. Once approved, the ICD is not updated (i.e. the Capability Development Document (CDD) and Capability Production Document (CPD) are used to support the Systems Development and Demonstration (SDD) and Production and Deployment phases, respectively).
6. Initial Technical Review (ITR):  The ITR ensures that prospective drivers of system life-cycle cost have been quantified to the maximum extent possible and their range of uncertainty has been reflected in program cost estimates. This will be an essential consideration in addressing manufacturing feasibility concerns for proposed alternatives.  
7. Alternative Systems Review (ASR):  This review assesses preliminary materiel solutions that were identified during the MSA phase and assesses their potential for affordability, suitability, and operational effectiveness.  It also answers the question, “can this solution be developed in a timely manner at an acceptable level of risk?”  Again, the manufacturing feasibility is of critical importance in this review to increase the probability of meeting the affordability and schedule constraints of each alternative concept. 
8. Technology Readiness Assessments (TRA):  During this phase the TRA will be focusing on determining the technology maturity of each alternative and assessing the risk of those technologies to achieving program requirements. It is important to understand that there is usually a link to manufacturing feasibility and critical technologies, and further, it is possible that manufacturing processes or materials themselves could be that critical technology. Manufacturing SMEs need to address the manufacturing risk associated with the technology risk areas identified in the TRAs. 

Sources of Information: 

The majority of information will come from the Analysis of Alternatives, the Initial Technical Review and the Alternative Systems Review. 

Questions:

1. Do the Systems Engineering Plan (SEP) and the Test and Evaluation Strategy recognize the need for the establishment/validation of manufacturing capability and management of manufacturing risk for the product lifecycle?

2. Have initial potential Key Performance Parameters (KPPs) been identified for the preferred systems concept?

3. Are system characteristics and measures to support required capabilities identified?

4. Are form, fit, and function constraints and manufacturing capabilities identified for the preferred systems concepts? 

Additional Considerations:

· Is the item design novel, or does it contain nonstandard dimensions or tolerances or arrangements?

· Are there manufacturing technologies or processes not currently available that will lead to risk in advanced technology development?

· Does DoD need to make investments to create new industrial capabilities to support a robust design?

· What is the risk of industry not being able to provide new program design at planned cost and schedule?

Lessons Learned: 

Identification of critical manufacturing technology and processes early on is critical to making low risk design trade-offs.  If there are major manufacturing obstacles due to unavailable or immature manufacturing technology, alternative design choices should be considered.

Reference Documents: 

Defense Acquisition Program Support (DAPS) Methodology

Defense Acquisition Guide
B.2, MRL 5 – Design Maturity

Text:

Lower level performance requirements have been identified sufficiently to proceed to preliminary design.  All enabling/critical technologies and components identified with consideration for the product lifecycle.  Evaluation of design Key Characteristics (KC) initiated.  Product data required for prototype component manufacturing released.    

Background:
Entrance into this phase depends on the completion of the AoA, a proposed materiel solution, and full funding for planned Technology Development Phase activity. At Milestone A, the MDA reviews the proposed materiel solution and the draft Technology Development Strategy (TDS) to determine if ready to proceed. The Technology Development Phase begins when the MDA has approved a materiel solution and the TDS, and has documented the decision in an ADM.

Goal: 

Technologies should have matured to at least TRL 5. System design has matured to the point where a prototype is being integrated and subsystem elements are being evaluated for the purpose of assessing performance against detailed requirements.  While design aspects will be changing as it proceeds from a brassboard solution to a full prototype, significant aspects of the technical design are starting to take shape lending themselves to the major manufacturing processes and equipment needed to build the final system.  The industrial base has been assessed to identify potential manufacturing sources.  A manufacturing strategy has been refined and integrated with the risk management plan. Identification of enabling/critical technologies and components is complete. Prototype materials, tooling and test equipment, as well as personnel skills have been demonstrated on components in a production relevant environment, but many manufacturing processes and procedures are still in development. Manufacturing technology development efforts have been initiated or are ongoing. Producibility assessments of key technologies and components are ongoing. A cost model has been constructed to assess projected manufacturing cost.

Rationale:

The two main purposes of MRLs in this phase are to identify and assess the manufacturing risk of the alternatives being considered and to begin maturing the manufacturing processes to reduce risk.  One of the key activities in maturing the manufacturing process in the TD phase is to assess the degree to which the system is adequately demonstrated in a relevant environment. The manufacturing risk identified in this phase must be addressed in the Engineering and Manufacturing Development (EMD) Phase through various risk mitigation efforts.  Risk mitigation cost must be reflected in all cost estimates.  The first step is requiring the program to perform critical manufacturing maturity efforts that will not only generate the design data necessary to perform an assessment but put into place the design related activities needed to mature the manufacturing processes. The MRL process, using the criteria of MRLs 5, defines key design activities to be performed to reach a target level of manufacturing maturity during this phase. 

Definitions: 

1. Key Characteristics (KCs):   A feature of a material, process, or part (includes assemblies) whose variation within the specified tolerance has a significant influence on product fit, performance, service life, or manufacturability.
2. Key Performance Parameters (KPPs):  Those attributes or characteristics of a system that are considered critical or essential to the development of an effective military capability and those attributes that make a significant contribution to the characteristics of the future joint force.  KPPs must be testable to enable feedback from test and evaluation efforts to the requirements process. 

3. Capability Development Document (CDD):  The Capability Development Document (CDD) identifies operational performance attributes of the proposed system. The CDD is system specific and applies to a single increment of capability in an evolutionary acquisition program. Each increment of a program will either have its own CDD or a separate annex on a master CDD. Key Performance Parameters (KPP) are introduced in the CDD. Cost will be included in the CDD as life-cycle cost or, if available, total ownership costs. The format for the CDD is found at Appendix A to Enclosure F of the Manual for the Operation of the Joint Capabilities Integration and Development System, updated January 2012.   The CDD is prepared during the Technology Development phase to guide the Engineering & Manufacturing Development phase by defining measurable and testable capabilities. The CDD supports the Milestone B decision and must be validated and approved before MS B.
4. Initial Capabilities Document (ICD):  The ICD identifies a capability gap or other deficiency in terms of the functional area, the relevant range of military operations, and the timeframe. The ICD describes the evaluation of DOTMLPF approaches. Key Performance Parameters (KPP) are not included in the ICD. The ICD guides the Concept Refinement and Technology Development phases of the Defense Acquisition System and supports Analysis of Alternatives (AoA) and the Milestone A decision. Once approved, the ICD is not updated (i.e. the Capability Development Document (CDD) and Capability Production Document (CPD) are used to support the Systems Development and Demonstration (SDD) and Production and Deployment phases, respectively).
5. Technology Readiness Assessments (TRA):  During this phase the TRA will be focusing on determining the technology maturity of each alternative and assessing the risk of those technologies to achieving program requirements. It is important to understand that there is usually a link to manufacturing feasibility and critical technologies, and further, it is possible that manufacturing processes or materials themselves could be that critical technology. Manufacturing SMEs need to address the manufacturing risk associated with the technology risk areas identified in the TRAs.

Sources of Information: 

1. Analysis of Alternatives (AoA) Assessments - Manufacturing feasibility for each alterative must be assessed by quantifying the risk of the industrial base capability and capacity to achieve the program’s cost, schedule and performance objectives. This information will be used to down-select the alternatives and to implement the identified risk reduction activities. 

2. Assessments of Manufacturing Readiness – During this phase the assessment will consider new material choices, new manufacturing capability requirements, cost drivers, and industrial base capability. It is a top-level analysis performed by a small number of highly qualified SMEs. The team will use MRL 5 criteria to assess the manufacturing maturity of each alternative and its corresponding risk of achieving program cost and schedule objectives. The final step in the MRA process is to begin mitigation efforts for identified risks. 

3. Initial Technical Review (ITR) – The ITR ensures that prospective drivers of system life-cycle cost have been quantified to the maximum extent possible and their range of uncertainty has been reflected in program cost estimates. This will be an essential consideration in addressing manufacturing feasibility concerns for proposed alternatives.  

4. Alternative Systems Review (ASR) -This review assesses preliminary materiel solutions that were identified during the MSA phase and assesses their potential for affordability, suitability, and operational effectiveness.  It also answers the question, “can this solution be developed in a timely manner at an acceptable level of risk?”  Again, the manufacturing feasibility is of critical importance in this review to increase the probability of meeting the affordability and schedule constraints of each alternative concept. 

5. Technology Readiness Assessments (TRA) - During this phase the TRA will be focusing on an early assessment of the technology maturity of each alternative and assessing the risk of those technologies to achieving program requirements. It is important to understand that there is usually a link to manufacturing feasibility and critical technologies, and further, it is possible that manufacturing processes or materials themselves could be that critical technology. Manufacturing SMEs need to address the manufacturing risk associated with the technology risk areas identified in the TRAs. 

Questions: 

1. Are lower level performance requirements sufficient to proceed to the preliminary design?  

2. Are all enabling/critical technologies and components identified? 

3. Do enabling/critical technologies and components consider the product lifecycle? 

4. Have the evaluation of design Key Characteristics (KC) been initiated? 

5. Have product data required for prototype component manufacturing been released?
Additional Considerations: 

· Materials:   Are there materials which have not been demonstrated in similar products or manufacturing processes? 

· Cost:  Is this item a driver that significantly impacts life-cycle cost (development, unit, or operations and/or support costs)?  Is the technology new with high cost uncertainty?   

· Design:  Is the item design novel or does it contain nonstandard dimensions, tolerances or arrangements? 

· Manufacturing Process:  Will the item require the use of manufacturing technology, processes, inspection, or capabilities that are unproven in the current environment? 

· Quality:  Does the item have historical/anticipated yield or quality issues? 
· Are all required manufacturing processes and techniques currently available or are some still to be defined?

· What is the probability of meeting the delivery date (e.g., for prototypes)?

· What are the design producibility risks?

· What is the potential impact of critical and long-lead time material?

· Are there manufacturing capability, and cost and schedule impact analyses to support trade-offs among alternatives?

Lessons Learned: 

1. Many contractors do not understand the concept of “key characteristics” and often do not identify them during the design process, and thus do not know what feature or quality characteristic is most important to control.  

2. There should be a clear path of requirements flow down from Key Performance Parameters (KPPs) to Key Characteristics and then to the use of SPC, if appropriate.

Reference Documents: 

Defense Acquisition Program Support (DAPS) Methodology

Defense Acquisition Guide (DAG)
B.2, MRL 6 – Design Maturity

Text:

System allocated baseline has been established.  Product requirements and features are well enough defined to support preliminary design review. Product data essential for subsystem/system prototyping has been released, and all enabling/critical components have been prototyped.  Preliminary design KCs have been identified and mitigation plans in development.    

Background:

Demonstrating critical manufacturing processes in a production relevant environment before proceeding into the EMD Phase is critical to assessing manufacturing risk and obtaining confidence that you can achieve program cost, schedule and performance requirements for EMD.  This level of production realism is well beyond what is seen in a laboratory.  The emphasis is on addressing higher risk areas (e.g., more advanced technologies and newer manufacturing capabilities).  During this critical junction it is essential that the contractor(s) demonstrate the capability to build the product or a similar product (e.g., considering size, tolerances, quality levels, processes, and testing) in the facility that will be used during production.

Goal: 

Technologies should have matured to at least TRL 6. It is normally seen as the level of manufacturing readiness that denotes acceptance of a preliminary system design.  An initial manufacturing approach has been developed related to the design of the system.  The majority of manufacturing processes have been defined and characterized, but there are still significant engineering and/or design changes in the system itself.  However, preliminary design has been completed and producibility assessments and trade studies of key technologies and components are complete.  Prototype manufacturing processes and technologies, materials, tooling and test equipment, as well as personnel skills have been demonstrated on systems and/or subsystems in a production relevant environment.  Cost, yield and rate analyses have been performed to assess how prototype data compare to target objectives, and the program has in place appropriate risk reduction to achieve cost requirements or establish a new baseline.  This analysis should include design trades.  Producibility considerations have shaped system development plans.  The Industrial Capabilities Assessment (ICA) for Milestone B has been completed.  Long-lead and key supply chain elements have been identified.

Rationale:

Continuation of activities related to the design process in the TD phase requires that we assess the manufacturing maturity of the program using the MRL criteria to ensure the recommended activities have been accomplished.  Before proceeding into EMD, we have to use the design data created by the up to this point to assess the manufacturing risk and determine whether the manufacturing processes will fall within the program’s cost and schedule objectives.  After these risks are assessed, risk mitigation plans need to be developed to minimize manufacturing risk in EMD.   Demonstrating critical manufacturing processes in a production relevant environment before proceeding into the EMD Phase is critical to assessing manufacturing risk and obtaining confidence that you can achieve program cost, schedule and performance requirements for EMD.   To do this, the design must be matured for manufacturing critical technology areas.  Once determined, pilot line production capability can be established to start manufacturing critical parts and components.  This level of production realism is well beyond what is seen in a laboratory. The emphasis is on addressing higher risk areas (e.g., more advanced technologies and newer manufacturing capabilities). During this critical junction it is essential that the contractor(s) demonstrate the capability to build the product or a similar product (e.g., considering size, tolerances, quality levels, processes, and testing) in the facility that will be used during production.   

Definitions: 

1. Key Characteristics (KCs):   A feature of a material, process, or part (includes assemblies) whose variation within the specified tolerance has a significant influence on product fit, performance, service life, or manufacturability.
2. Key Performance Parameters (KPPs):  Those attributes or characteristics of a system that are considered critical or essential to the development of an effective military capability and those attributes that make a significant contribution to the characteristics of the future joint force.  KPPs must be testable to enable feedback from test and evaluation efforts to the requirements process.
3. Product Quality:  The collection of features and characteristics of a product that contribute to its ability to meet given requirements.  Product quality is measured by the degree of conformance to predetermined specifications and standards, and deviations from these standards can lead to poor quality and low reliability.  The identification of the predetermined specifications and standards sets the stage for quality control and then for quality improvement which is aimed at eliminating defects (components and subsystems that are out of conformance), the need for scrap and rework, and hence overall reductions in production costs.
4. Production relevant environment:   An environment with some shop floor production realism present (such as facilities, personnel, tooling, processes, materials etc.). There should be minimum reliance on laboratory resources during this phase. Demonstration in a production relevant environment implies that contractor(s) must demonstrate their ability to meet the cost, schedule, and performance requirements of the EMD Phase based on their production of prototypes. The demonstration must provide the program with confidence that these targets will be achieved, but does not require a production line.  Furthermore, there must be an indication of how the contractor(s) intend to achieve the requirements in a production representative and pilot environments.

Sources of Information: 

1. Lifecycle Cost Estimate – Done for each alternative design considered, this estimate helps identify manufacturing risks need to be adequately addressed. 

2. Systems Requirements Review (SRR) - The SRR is a multi-disciplined technical review to ensure that the system under review can proceed into initial systems development. The review considers whether all system requirements and performance requirements derived from the Initial Capabilities Document or draft Capability Development Document are defined and testable, and are consistent with cost, schedule, risk, technology readiness, and other system constraints.  Manufacturing readiness assessment results should be used at the SRR to update the program risk assessment, the Cost Analysis Requirements Description (CARD), and the program schedule. 

3. Systems Functional Review (SFR) -The SFR is a multi-disciplined technical review to ensure that the system's functional baseline is established and has a reasonable expectation of satisfying the requirements of the Initial Capabilities Document or draft Capability Development Document within the allocated budget and schedule.  Analyzing whether manufacturing processes are mature enough is an essential element in determining whether a program will achieve its required performance within budget and schedule targets. A manufacturing readiness assessment results should also be used at the SFR to update the program risk assessment for Engineering and Manufacturing Development (EMD), the Cost Analysis Requirements Description (CARD), and the program schedule.

4. Preliminary Design Review (PDR) - The PDR establishes the allocated baseline (hardware, software, human/support systems) and underlying architectures to ensure that the system under review has a reasonable expectation of satisfying the requirements within the currently allocated budget and schedule. The maturity of the manufacturing process and associated risk of attaining that maturity is an essential element in determining whether a program will achieve its required performance within budget and schedule targets.  A manufacturing readiness assessment results should also be used at the PDR to update the program risk assessment for Engineering and Manufacturing Development (EMD), the Cost Analysis Requirements Description (CARD), and the program schedule. 

5. Integrated Baseline Review (IBR) - An IBR is a joint assessment conducted by the government program manager and the contractor to establish the Performance Measurement Baseline (PMB). 

6. Technology Readiness Assessments (TRA) - During the TD phase the TRA will be focusing on technology maturity of each alternative and assessing the risk of those critical technologies of achieving program requirements. There is usually a link to manufacturing risk and critical technologies, and it is possible that manufacturing processes or materials could be that critical technology that drives technology readiness. Manufacturing SMEs need to address the manufacturing risk associated with the technology risk areas identified in the TRAs and ensure that manufacturing CTEs are identified and have been incorporated in a relevant environment. 

Questions:

1. Has a system allocated baseline been established?

2. Are the product requirements and features well enough defined to support Preliminary Design Review?

3. Has product data essential for subsystem/system prototyping been released?

4. Have all enabling/critical technologies/components been demonstrated?

5. Have preliminary design Key Characteristics (KC) been defined and are mitigation plans in development?

Additional Considerations:

· Materials:   Are there materials which have not been demonstrated in similar products or manufacturing processes? 

· Cost:  Is this item a driver that significantly impacts life-cycle cost (development, unit, or operations and/or support costs)?  Is the technology new with high cost uncertainty?   

· Design:  Is the item design novel or does it contain nonstandard dimensions, tolerances or arrangements? 

· Manufacturing Process:  Will the item require the use of manufacturing technology, processes, inspection, or capabilities that are unproven in the current environment? 

· Quality:  Does the item have historical/anticipated yield or quality issues? 

· Are all required manufacturing processes and techniques currently available or are some still to be defined?

· What is the probability of meeting the delivery date (e.g., for prototypes)?

· What are the design producibility risks?

· What is the potential impact of critical and long-lead time material?

· Are there manufacturing capability, cost and schedule impact analyses to support trade-offs among alternatives?

Lessons Learned: 

1. A production relevant environment is different for different products, which is often dependent on rates and quantities of items being produced, and the complexity of those items.  For example, a production relevant environment for a satellite is different than that used in building prototype vehicles.

2. Statistical Process Control is not a requirement for all programs.  Rates and Quantities play a major role in the decision to manage product quality using SPC.

3. Many contractors do not understand the concept of “key characteristics” and often do not identify them during the design process, and thus do not know what feature or quality characteristic is most important to control.  

4. There should be a clear path of requirements flow down from Key Performance Parameters (KPPs) to Key Characteristics and then to the use of SPC, if appropriate.

Reference Documents: 

Defense Acquisition Program Support (DAPS) Methodology

Defense Acquisition Guide (DAG)
B.2, MRL 7 – Design Maturity

Text:

Product design and features are well enough defined to support critical design review, even though design change traffic may be significant. All product data essential for component manufacturing has been released.   Potential KC risk issues have been identified and mitigation plan is in place.    

Background:

The Engineering and Manufacturing Development (EMD) phase completes the development of a system, leveraging design considerations (quality, producibility and manufacturability), completes the full system integration, develops affordable and executable manufacturing (and quality) processes, completes system fabrication, assembly, test and evaluation.   Entrance into this phase depends on technology maturity (including software), approved requirements, and full funding. Unless some other factor is overriding in its impact, the maturity of the technology determines the path to be followed. MDA approval of the Acquisition Strategy is a requirement before final RFPs for the EMD Phase (or any succeeding acquisition phase) can be released.  Additionally, no other action can be taken that would commit the program to a particular contracting strategy before this approval is received. The PM will include language in the RFP advising offerors that (1) the government will not award a contract to an offeror whose proposal is based on CTEs that have not been demonstrated in a relevant environment, and (2) that offerors will be required to specify the technology readiness level of the CTEs on which their proposal is based and to provide reports documenting how those CTEs have been demonstrated in a relevant environment.

Goal: 

The primary purpose of engineering design in EMD is to reduce system-level risk. Through the conduct of engineering design and systems engineering, the efforts in this phase integrate components and subsystems, and complete the detailed design to meet performance requirements with a producible and sustainable design, and reduce system level risk.  EMD typically includes the demonstration of production prototype articles or engineering development models.

Rationale:

The Engineering and Manufacturing Development (EMD) phase results in the completion of the design, at least the near completion of the design. Major design issues are well within program constraints and should have limited impact on product quality.  

Definitions: 

1. Product Quality:  The collection of features and characteristics of a product that contribute to its ability to meet given requirements.  Product quality is measured by the degree of conformance to predetermined specifications and standards, and deviations from these standards can lead to poor quality and low reliability.  The identification of the predetermined specifications and standards sets the stage for quality control and then for quality improvement which is aimed at eliminating defects (components and subsystems that are out of conformance), the need for scrap and rework, and hence overall reductions in production costs.

2. Key Characteristics (KCs):   A feature of a material, process, or part (includes assemblies) whose variation within the specified tolerance has a significant influence on product fit, performance, service life, or manufacturability.

3. Key Performance Parameters (KPPs):  Those attributes or characteristics of a system that are considered critical or essential to the development of an effective military capability and those attributes that make a significant contribution to the characteristics of the future joint force.  KPPs must be testable to enable feedback from test and evaluation efforts to the requirements process.

4. Production Representative Environment:  An environment that has as much production realism as possible, considering the maturity of the design. Production personnel, equipment, processes, and materials that will be present on the pilot line should be used whenever possible. The work instructions and tooling should be of high quality, and the only changes anticipated on these items are associated with design changes downstream that address performance or production rate issues. There should be no reliance on a laboratory environment or personnel.

Sources of Information: 

1. Preliminary Design Review (PDR) - The PDR establishes the allocated baseline (hardware, software, human/support systems) and underlying architectures to ensure that the system under review has a reasonable expectation of satisfying the requirements within the currently allocated budget and schedule. The maturity of the manufacturing process and associated risk of attaining that maturity is an essential element in determining whether a program will achieve its required performance within budget and schedule targets.  A manufacturing readiness assessment results should also be used at the PDR to update the program risk assessment for Engineering and Manufacturing Development (EMD), the Cost Analysis Requirements Description (CARD), and the program schedule. 

2. Integrated Baseline Review (IBR) - An IBR is a joint assessment conducted by the government program manager and the contractor to establish the Performance Measurement Baseline (PMB). 

3. Technology Readiness Assessments (TRA) - During the TD phase the TRA will be focusing on technology maturity of each alternative and assessing the risk of those critical technologies of achieving program requirements. There is usually a link to manufacturing risk and critical technologies, and it is possible that manufacturing processes or materials could be that critical technology that drives technology readiness. Manufacturing SMEs need to address the manufacturing risk associated with the technology risk areas identified in the TRAs and ensure that manufacturing CTEs are identified and have been incorporated in a relevant environment. 

4. Assessments of Manufacturing Readiness – This is the key activity for manufacturing in EMD.  During this phase the assessment needs to focus on demonstrating the manufacturing capabilities to meet the cost, schedule, and performance requirements of the program.  The assessment must also demonstrate that manufacturing processes can support the system production requirements (i.e., manufacturing processes have been proven in a pilot line environment). This assessment activity should be performed at least twice on a program, perhaps more, depending on the assessed risk. The first assessment in EMD needs to be performed in sufficient lead time to obtain manufacturing data/risk assessment to support the CDR. 

Questions:

1. Are the product design and features well enough defined to support critical design review even though design change traffic may be significant?

2. Has all the product data essential for component manufacturing been released?

3. Have potential Key Characteristic risk issues been identified?

4. Have preliminary Key Characteristic (KC) issues been defined and are mitigation plans in development?

Additional Considerations:

· Is system design sufficient and stable enough to successfully pass CDR?

· Are all technologies mature enough for production?

· Are the design risks known and manageable?

· Industrial base viability

· Probability of meeting the delivery date (e.g., for qualification units)

· Process maturity

· Manufacturing costs

· Supply chain management

· Quality management

· Facilities

· Manufacturing skills availability

Lessons Learned: 

1. A pilot line environment is different for different products, which is often dependent on rates and quantities of items being produced, and the complexity of those items.  For example, a pilot line environment for a satellite is different than that used in building prototype vehicles.

2. Statistical Process Control is not a requirement for all programs.  Rates and Quantities play a major role in the decision to manage product quality using SPC.

3. Many contractors do not understand the concept of “key characteristics” and often do not identify them during the design process, and thus do not know what feature or quality characteristic is most important to control.  

4. There should be a clear path of requirements flow down from Key Performance Parameters (KPPs) to Key Characteristics and then to the use of SPC, if appropriate.

Reference Documents: 

Defense Acquisition Program Support (DAPS) Methodology

Defense Acquisition Guide (DAG)

B.2, MRL 8 – Design Maturity

Text:

Detailed design of product features and interfaces is complete.  All product data essential for system manufacturing has been released.  Design change traffic does not significantly impact LRIP.  Key Characteristics are attainable based upon pilot line demonstrations.    

Background:
Detailed design is complete for the majority of the system.  MRLs play a vital role in ensuring that manufacturing processes have been effectively demonstrated in a pilot line environment and that industrial capabilities are reasonably available.  Design must be complete for this to be true.  During this phase manufacturing assessments will demonstrate that the manufacturing processes will/or will not support production requirements and that these processes are demonstrated in a pilot line (per DODI 5000.02). The use of MRLs in the EMD phase will determine if the manufacturing process is mature enough to achieve program cost, schedule, and performance objectives prior to entering Low Rate Initial Production (LRIP).  It is essential that the use of MRLs prove that this is the case, or provide decision makers with information on the level of risk of proceeding into the next phase along with recommended mitigation efforts.   

Goal: 

This level is associated with readiness for a Milestone C decision, and entry into Low Rate Initial Production (LRIP).  Technologies should have matured to at least TRL 7.  Detailed system design is complete and sufficiently stable to enter low rate production.  All materials, manpower, tooling, test equipment and facilities are proven on pilot line and are available to meet the planned low rate production schedule.  Manufacturing and quality processes and procedures have been proven in a pilot line environment and are under control and ready for low rate production.  Known producibility risks pose no significant challenges for low rate production.  Cost model and yield and rate analyses have been updated with pilot line results.  Supplier qualification testing and first article inspection have been completed.  The Industrial Capabilities Assessment for Milestone C has been completed and shows that the supply chain is established to support LRIP.

Rationale:

The Engineering and Manufacturing Development (EMD) phase results in the completion of the design, at least the near completion of the design.   Major design issues are well within program constraints and should have limited impact on product quality.  MRL 8 occurs at the end of the EMD phase after manufacturing processes have been effectively demonstrated in a pilot line environment.  The MRL 8 evaluation should be used to support a Milestone C decision and the decision to begin Low Rate Initial Production (LRIP).

Definitions: 

1. Product Quality:  The collection of features and characteristics of a product that contribute to its ability to meet given requirements.  Product quality is measured by the degree of conformance to predetermined specifications and standards, and deviations from these standards can lead to poor quality and low reliability.  The identification of the predetermined specifications and standards sets the stage for quality control and then for quality improvement which is aimed at eliminating defects (components and subsystems that are out of conformance), the need for scrap and rework, and hence overall reductions in production costs.
2. Pilot Line Environment:   An environment that incorporates all of the key production realism elements (equipment, personnel skill levels, facilities, materials, components, work instructions, processes, tooling, temperature, cleanliness, lighting etc.) required to manufacture production configuration items, subsystems or systems that meet design requirements in low rate production.  To the maximum extent practical, the pilot line should utilize full rate production processes.

Sources of Information: 

1. Production Readiness Review (PRR) - The PRR examines a program to determine if the design is ready for production and if the prime and major subcontractors have accomplished adequate production planning without incurring unacceptable risks that breach thresholds of schedule, performance, cost, or other established criteria. The review examines risk; it determines if production or production preparations identify unacceptable risks that might breach thresholds of schedule, performance, cost, or other established criteria. The review evaluates the full production-configured system to determine if it correctly and completely implements all system requirements. Since the PRR looks at all system requirements, it will look at more than manufacturing issues (e.g., software, sustainment, operational testing, etc.). The review determines whether traceability of final system requirements to the final production system is maintained.   

2.  Critical Design Review (CDR) - The CDR, which focuses on insuring design maturity, is to ensure that the system under review can proceed into system fabrication, demonstration, and test, and can meet the stated performance requirements within cost (program budget), schedule (program schedule), risk, and other system constraints. Results of the manufacturing assessments need to be used specifically in whether or not the system under review can meet cost, schedule, and performance objectives.

3. Assessments of Manufacturing Readiness – This is the key activity for manufacturing in EMD.  During this phase the assessment needs to focus on demonstrating the manufacturing capabilities to meet the cost, schedule, and performance requirements of the program.  The assessment must also demonstrate that manufacturing processes can support the system production requirements (i.e., manufacturing processes have been proven in a pilot line environment). This assessment activity should be performed at least twice on a program, perhaps more, depending on the assessed risk. The first assessment in EMD needs to be performed in sufficient lead time to obtain manufacturing data/risk assessment to support the CDR. 

4. Capability Production Document (CPD) - The final step in the capabilities refinement process is the CPD development. This document describes the refined operational capabilities and system performance expected for the production articles. The CPD is used by the T&E working-level Integrated Product Team to update the Test and Evaluation Master Plan for the Milestone C decision and for subsequent decision milestones in Production and Deployment, such as the full-rate production decision review. At Milestone C, the technical testing begins to focus on production, including Production Qualification Testing to demonstrate performance of the production system in accordance with the contract. Operational testing focuses on evaluating the Low-Rate Initial Production system's operational effectiveness, suitability, survivability, and mission capability. It is essential that manufacturing personnel use this document to translate manufacturing risks into information the Warfighter understands, so he can possibly change what the requirements will cost.

Questions:

1. Is the detailed design of product features and interfaces complete?

2. Has all the product data essential for system manufacturing been released?

3. Does the design change traffic have minimal impact on Low Rate Initial Production (LRIP)?

4. Are the Key Characteristics attainable based upon pilot line demonstrations?

Additional Considerations:

· Has the system product design baseline been established and documented to enable hardware fabrication and software coding to proceed with proper configuration management? 

· Are adequate processes and metrics in place for the program to succeed? 

· Are the design risks known and manageable? 

· Are all technologies mature enough for production? 

· Is the detailed design producible within the production budget? 

· Is detail design complete and stable enough to enter low rate production? 

·  Have manufacturing processes been demonstrated and proven in a pilot line environment? 

·  Have all producibility trade studies and risk assessments been completed? 

·  Is the production cost model based upon the stable detailed design and been validated? 

· Is the production cost model based upon the stable detailed design and been validated?

· Are the production facilities ready and required workers trained?

· Is the program schedule executable (technical/cost risks)?

· Is the program properly staffed?

Lessons Learned: 

1. A pilot line environment is different for different products, which is often dependent on rates and quantities of items being produced, and the complexity of those items.  For example, a pilot line environment for a satellite is different than that used in building prototype vehicles.

2. Statistical Process Control is not a requirement for all programs.  Rates and Quantities play a major role in the decision to manage product quality using SPC.

3. Many contractors do not understand the concept of “key characteristics” and often do not identify them during the design process, and thus do not know what feature or quality characteristic is most important to control.  

4. There should be a clear path of requirements flow down from Key Performance Parameters (KPPs) to Key Characteristics and then to the use of SPC, if appropriate.

Reference Documents: 

Defense Acquisition Program Support (DAPS) Methodology

Defense Acquisition Guide (DAG)

B.2, MRL 9 – Design Maturity

Text:

Major product design features and configuration are stable. System design has been validated through operational testing of LRIP items.  Physical Configuration Audit (PCA) or equivalent complete as necessary.  Design change traffic is limited.  All KCs are controlled in LRIP to appropriate quality levels.    

Background:

Entrance into this phase depends on the following criteria: acceptable performance in develop-mental test and evaluation and operational assessment (OSD OT&E oversight programs); mature software capability; no significant manufacturing risks; manufacturing processes under control (if Milestone C is full-rate production); an approved ICD (if Milestone C is program initiation); an approved Capability Production Document (CPD); a refined integrated architecture; acceptable interoperability; acceptable operational supportability; and demonstration that the system is affordable throughout the life cycle, fully funded, and properly phased for rapid acquisition. The CPD reflects the operational requirements, informed by EMD results, and details the performance expected of the production system. If Milestone C approves LRIP, a subsequent review and decision shall authorize full-rate production. 

Goal: 

Technologies should have matured to TRL 9. This level of readiness is normally associated with readiness for entry into Full Rate Production (FRP).  All systems engineering/design requirements should have been met such that there are minimal system changes. Major system design features are stable and have been proven in test and evaluation. Materials, parts, manpower, tooling, test equipment and facilities are available to meet planned rate production schedules. Manufacturing process capability in a low rate production environment is at an appropriate quality level to meet design key characteristic tolerances.  Production risk monitoring is ongoing.  LRIP cost targets have been met, and learning curves have been analyzed with actual data.  The cost model has been developed for FRP environment and reflects the impact of continuous improvement.

Rationale:

The purpose of the Production and Deployment Phase is to achieve an operational capability that satisfies mission needs.  Operational test and evaluation shall determine the effectiveness and suitability of the system.  The MDA shall make the decision to commit the Department of Defense to production at Milestone C and shall document the decision in an ADM.  Milestone C authorizes entry into LRIP (for MDAPs and major systems), into production or procurement (for non-major systems that do not require LRIP).

Definitions: 

1. Initial Capabilities Document (ICD):  The ICD identifies a capability gap or other deficiency in terms of the functional area, the relevant range of military operations, and the timeframe. The ICD describes the evaluation of DOTMLPF approaches. Key Performance Parameters (KPP) are not included in the ICD.  The ICD guides the Concept Refinement and Technology Development phases of the Defense Acquisition System and supports Analysis of Alternatives (AoA) and the Milestone A decision. Once approved, the ICD is not updated (i.e. the Capability Development Document (CDD) and Capability Production Document (CPD) are used to support the Systems Development and Demonstration (SDD) and Production and Deployment phases, respectively).

2. Capability Production Document (CPD):  The Capability Production Document (CPD) identifies production attributes for a single increment of a program. The CPD is rewritten for each increment in an evolutionary acquisition program. Key Performance Parameters (KPP) and performance attributes are refined in the CPD. Cost and engineering estimates will also be refined in the CPD and will be presented as life-cycle cost.  The CPD is prepared during the Engineering & Manufacturing Development phase to guide the Production and Deployment phase and is used to measure the contractor’s delivery.

3. Physical Configuration Audit (PCA):  A Physical Configuration Audit (PCA) is used to examine the actual configuration of the CI that is representative of the product configuration in order to verify that the related design documentation matches the design of the deliverable CI. In performance based acquisition environment, the PCA addresses the accuracy of the documentation reflecting the production design. It is also used to validate many of the supporting processes that the contractor uses in the production of the CI. The PCA is also used to verify that any elements of the CI that were redesigned after the completion of the FCA also meet the requirements of the CI's performance specification. In cases where the Government does not plan to control the detail design, it is still essential that the contractor conduct an internal PCA to define the starting point for controlling the production design and to establish a product baseline. Additional PCAs may be accomplished later during CI production if circumstances such as the following apply:

a. The original production line is "shut down" for several years and then production is restarted

b. The production contract for manufacture of a CI with a fairly complex, or difficult-to-manufacture, design is awarded to a new contractor or vendor.

c. This re-auditing in these circumstances is advisable regardless of whether the contractor or the government controls the detail production design.

Sources of Information: 

1. Detailed Design Packages

2. Developmental and Operational Test and Evaluation Reports

Questions:

1. Are the major product design features and configuration stable?

2. Has the system design been validated through operational testing of Low Rate Initial Production (LRIP) items?

3. Is the Physical Configuration Audit (PCA) or equivalent complete as necessary?

4. Is the design change traffic limited to minor configuration changes?

5. Are all Key Characteristics controlled in Low Rate Initial Production (LRIP) to appropriate quality levels?
Additional Considerations:
· Are there unresolved design changes that need to be implemented, and if so, what are the impacts on manufacturing?

· Are the manufacturing processes under control?

· Can the system be reliably produced?

· Are critical processes under control?

· Have key issues been resolved with appropriate changes to the Product Baseline?

· Have necessary statutory and regulatory provisions been met?

· Have all risks been identified, including appropriate mitigation plans?

Lessons Learned: 

· None

Reference Documents: 

Defense Acquisition Guidebook

Integrated Defense Acquisition, Technology and Logistics Life Cycle Management System Chart
B.2, MRL 10 – Design Maturity

Text:

Product design is stable.  Design changes are few and generally limited to those required for continuous improvement or in reaction to obsolescence.  All KCs are controlled in FRP to appropriate quality levels.    

Background:

At Milestone C the decision is made as to whether the program will proceed into the Production and Deployment Phase.  The purpose of the Production and Deployment Phase is to achieve an operational capability that satisfies mission needs.  The MDA for Milestone C will decide if the program will enter LRIP or FRP. The target MRL is 9 for FRP.

Goal: 

This is the highest level of production readiness. Technologies should have matured to TRL 9. This level of manufacturing is normally associated with the Production or Sustainment phases of the acquisition life cycle. Engineering/design changes are few and generally limited to quality and cost improvements. System, components or items are in full rate production and meet all engineering, performance, quality and reliability requirements. Manufacturing process capability is at the appropriate quality level. All materials, tooling, inspection and test equipment, facilities and manpower are in place and have met full rate production requirements. Rate production unit costs meet goals, and funding is sufficient for production at required rates. Lean practices are well established and continuous process improvements are ongoing.

Rationale:

The FRP decision requires that manufacturing risk is understood and that the manufacturing processes for the system be capable, in control, and affordable. Prior to the FRP decision, a manufacturing readiness assessment should be conducted to ensure any outstanding risks will not impact the programs ability to deliver FRP requirements.  Assessments of manufacturing readiness may be used to capture manufacturing product documentation. It is a best practice to incorporate the preservation of such manufacturing product technical data packages in the Data Management Strategy. 

Definitions: 

Full-Rate Production / Deployment of Production & Deployment Phase:  The second effort of the Production and Deployment (P&D) phase defined and established by DoDI 5000.2. This effort follows a successful Full Rate Production Decision Review (FRPDR). The system is produced at rate production and deployed to the field or fleet. This phase overlaps the Operations and Support (O&S) phase since fielded systems are operated and supported (sustained) while Full Rate Production (FRP) is ongoing.

Sources of Information: 

1. Detailed Design Packages

2. Developmental and Operational Test and Evaluation Reports

Questions:

1. Is the product design stable (i.e. design changes are few and generally limited to those required for continuous improvement or in reaction to obsolescence)? 

2. Are all Key Characteristics controlled in Full Rate Production (FRP) to appropriate quality levels?

Additional Considerations:

· Are there unresolved design changes that need to be implemented, and if so, what are the impacts on manufacturing?

· Are the manufacturing processes under control?

· Can the system be reliably produced?

· Are critical processes under control?

· Have key issues been resolved with appropriate changes to the Product Baseline?

· Have necessary statutory and regulatory provisions been met?

· Have all risks been identified, including appropriate mitigation plans?

Lessons Learned: 

· None

Reference Documents: 

Defense Acquisition Guidebook

Integrated Defense Acquisition, Technology and Logistics Life Cycle Management System Chart

