E.3, MRL 3 – Process Yields and Rates
Text:  

Initial estimates of yields and rates based on experiments or state of the art.

Background: 
MRL 3 occurs prior to entering the Material Solution Analysis (MSA) phase before the acquisition cycle begins. This phase of the Research and Development is usually associated with an Advanced Technology Development (ATD) program as it transitions from the labs into the acquisition phase.
Goal:  
To a get a baseline on the yields and rates demonstrated in R&D.
Rationale:
To effectively transition S&T/R&D projects one should address the manufacturing maturity of the prototypes being developed. The actual yields being achieved on these projects will provide both the S&T and acquisition community a good indicator of the maturity of the process and the risk of proceeding forward.
Definitions:  
1. 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. Applied research - is a systematic study to gain knowledge, or understanding, necessary in order to determine the means by which a recognized and specific need may be met. From a manufacturing perspective this level is characterized by assessing the application of the manufacturing capabilities, capacities, or materials needed to meet the specific need.   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 should be emerging at the point when a clear definition of how the technology fits into a military product with a good understanding of the risk at the completion of the product definition.
3. Advanced Technology Development – is a systematic application of knowledge to produce useful materials, devices, and systems or methods, is considered.  This includes design, development, and improvement of prototypes and new processes to meet specific requirements.  It encompasses all efforts for the development and integration of hardware for field experiments and tests. However, at this stage it is essential to begin addressing manufacturing maturity on products you anticipate transitioning to acquisition. 
Sources of Information:  
The S&T sponsors like the Service S&T organizations and research organizations in academia and industry must begin working with the acquisition community at this time. At the beginning of ATD or when it is know that a project will be transition into acquisition both communities should have an overall objectives/goals for cost, schedule and performance that are planning to be demonstrated. These objectives should be reviewed with the customer(s) (i.e. Users, S&T, and the Acquisition community) on some regular schedule, especially critical that the cost goals reflect manufacturing cost considerations and capabilities.
Questions:
1.  Have initial estimates of yields and rates based on experiments or state of the art been completed?
Additional Considerations:  
· None

Lessons Learned: 

Historically we have not adequately addressed manufacturing maturity in this phase of an S&T program where we start transitioning hardware from the labs to acquisition.  The yield and rates being demonstrated in this R&D environment provides one of the best indicators of the risk of moving forward. Therefore it is important to understand what yields and rates you are achieving at this stage. If we want to change this we must start addressing manufacturing maturity/risk earlier in the S&T process. 
E.3, MRL 4 – Process Yields and Rates

Text:  

Yield and rates assessment on proposed/similar processes complete and applied within Analysis of Alternatives (AoA). 

Background: 

MRL 4 occurs in the Material Solution Analysis (MSA) phase within the acquisition cycle. This phase of the acquisition cycle refines the initial concept by beginning to conduct an Analysis of Alternatives (AoA) of potential solutions to address user’s needs. The task is to examine potential material solutions with the goal of identifying the most promising option that will best support program requirements.

Goal:  

To understand the yields and rates achieved on the S&T project or on similar process used by this contractor in order to assess the manufacturing risk of proceeding to Milestone A and reflect that risk in all program documentation used to down select the alternatives being considered. 

Rationale:

The yields and rates that have been demonstrated to date, either through S&T or applicable similar process used by the contractor, versus what is going to be required to meet your program objectives. This takes some judgment and should be done carefully; however, it is an excellent indicator of program risk.

Definitions: 

· None

Sources of Information:  

This data should come from quality, design, and manufacturing departments.

Questions:

1. Has a yield and rates assessment on proposed/similar processes been completed? 

2. Has a yield and rates assessment on proposed/similar processes been applied within the Analysis of Alternatives (AoA)?

Additional Considerations:  

· None

Lessons Learned: 

Historically we have not adequately addressed manufacturing maturity in this phase of the program, and if we want to change this we must start addressing maturity and risk earlier in the acquisition process. The yields being demonstrated versus what is required is one of the best indicators available to provide the current maturity and risk of proceeding forward. Note: If yields are below 60% on critical processes at this stage, you will want to monitor this process very closely.

E.3, MRL 5 – Process Yields and Rates
Text:  

Target yields and rates established for pilot line, LRIP, and FRP. Yield and rate issues identified. Improvement plans developed/initiated. 

Background: 

MRL 5 occurs in the early stages of the Technology Development (TD) phase within the acquisition cycle. The main focus if this phase is to assess, identify, and reduce risk by manufacturing and testing prototype units in a relevant environment.  . 

Goal:  

To understand the current yields and rates and develop targets for growth of these factors at key milestones in the development cycle (e.g., pilot line, LRP, and FRP). To ensure improvements plans have been developed and are being implemented to achieve these growth targets.

Rationale:

The program needs to assess the current yields and rates against what is required to meet program requirements and implement plans to achieve required targets. It is important at this phase where design trade-offs and process selection can be made easier to help achieve the program requirements. Further, if there is no other option, the progress in improving your yields and rates may be the key factor in determining program success.

Definitions: 

1. Prototype - Is an early sample or model built to test a concept or process. Prototyping serves to provide specifications for a real, working system rather than a theoretical one. Prototypes are not similar to units built on previous programs but is directly tied to your design concept and limitations (e.g. must relate to your design requirements).
2. 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:  

This data should come from cost quality, design, and manufacturing departments.

Questions:

1. Have target yield and rates been established for the pilot line, Low Rate Initial Production (LRIP), and Full Rate Production (FRP)?
2. Have yield and rate issues been identified and does the detailed production schedule support the required production rate? 
3. Have yield and rate improvement plans been developed/initiated?

Additional Considerations:  

· None

Lessons Learned: 

Historically we have not adequately addressed manufacturing maturity in this phase of the program, and if we want to change this we must start assess demonstrated yields and rates to address the risk earlier in the acquisition process then develop and implement improvement plans to achieve desired requirements. Note:  If yields are below 60% on critical processes at this stage, you will want to monitor this process very closely.

E.3, MRL 6 – Process Yields and Rates
Text:  

Yields and rates from production relevant environment evaluated against targets and the results feed improvement plan.

Background: 

MRL 6 occurs in the late stages of the Technology Development (TD) phase of the acquisition cycle. The main focus of this phase is to assess, identify, and reduce risk by manufacturing and testing prototype units in a relevant environment.  Understanding the risk of achieving the production objectives will be a key requirement for exiting this phase where we look at the risk of the options to achieve the User’s requirements.

Goal:  

To assess the yields and rates achieved in building your prototypes in a production relevant environment, compare them to your targets, and assess the manufacturing risk of meeting future requirements. To use this data to make the appropriate mitigation/improvement plans to achieve future requirements. 

Rationale:

The program needs to understand what are its current yields and rates and to compare those to requirements. One of the major requirements for EMD is to make the item in a pilot production environment, and you should understand what those targets will require and the efforts needed to achieve them. If this is not addressed before EMD it could become a major problem downstream. 

Definitions: 

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:  

This data should come from quality, design, and manufacturing departments.

Questions:

1.  Are yields and rates from the production relevant environment being evaluated against targets?

2.  Are results from the yields and rates from the production relevant environment being fed into an improvement plan?

Additional Considerations:  
· None

Lessons Learned: 

Historically we have not adequately addressed requirements necessary to mature manufacturing processes in this phase of the program, and if we want to change this we must start assessing the yields and rates being achieved and compare them to future requirements. Furthermore, this will be good to time to assess design requirements versus process capability to see if there are opportunities to improve yields and rates without compromising key performance requirements.  Note – this is one of the areas where you must be very careful because even if you meet these requirements the risk could still be very high in achieving your future requirements.
E.3, MRL 7 – Process Yields and Rates

Text:  

Yields and rates from production representative environment evaluated against pilot line targets and the results feed improvement plans.

Background: 

MRL 7 occurs in the early stages of the Engineering and Manufacturing Development (EMD) phase of the acquisition cycle. The main focus of this phase is to demonstrate that the manufacturing process will support program requirements. You should leave this phase with adequate knowledge, obtained through demonstration, that your manufacturing processes are capable of producing affordable systems (i.e., achieving production target cost requirements).

Goal:  

To use results from a production representative environment to demonstrated that you can achieve pilot line requirements for yields and rates. To use your data for updating your mitigation/improvement plans required to achieve targeted yields and rate requirements

Rationale:

The program needs to verify the likelihood of achieving production requirements from demonstrated data built on a production representative environment. These two factors will be key to achieve program requirements. The program needs to use the data to make updates to improvement plans.

Definitions: 

1. 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. 
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:  

This data should come from quality, design and manufacturing departments.

Questions:

1. Are yields and rates from the production representative environment being evaluated against pilot line targets? 

2. Are results from the yields and rates from the production representative environment being fed into improvement plans?

Additional Considerations:  

· None

Lessons Learned: 

The key is to continually update yield and rate targets as more data becomes available and to continually improve. Note – not achieving targets by this time will demonstrate the need to closely monitor this effort and look for mitigations efforts to minimize the impact of not achieving your targets. (e.g., relax design tolerances or improve process).

E.3, MRL 8 – Process Yields and Rates
Text:  

Pilot line targets achieved. Yields and rates required to begin LRIP refined using pilot line results. Improvement plans ongoing and updated.

Background: 

MRL 8 occurs in the later stages of the Engineering and Manufacturing Development (EMD) phase within the acquisition cycle. The main focus of this phase of the acquisition cycle is to demonstrate the manufacturing process will support program requirements. You should leave this phase with adequate knowledge, obtained through demonstration in a pilot-production line, that your manufacturing processes are capable of producing affordable systems (i.e., achieving your production target cost, schedule, and performance requirements).

Goal:  

To use data from your pilot line environment to demonstrate that you have achieved the yield and rates needed to support production requirements. To implement a continuous improvement program using yield and rate data.

Rationale:

The program needs verify the realism of achieving production requirements by using demonstrated data from a pilot line environment. To ensure we have confidence in our ability to achieve program requirements we should have achieved our production yield and rate targets at this time. We would expect all contractors to implement a continuous improvement program using data generated from the production line. 

Definitions: 

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:  

This data should come from quality, design and manufacturing departments.

Questions:

1. Have pilot line yield and rate targets been achieved?

2. Have yields and rates required to begin Low Rate Initial Production (LRIP) been refined using pilot line articles?

3. Are yield and rate improvement plans ongoing and being updated?

Additional Considerations:  
· None

Lessons Learned: 

The key is to continually update your yield and rate targets as more data becomes available and to use the data to make informed program decisions and process improvements. 

E.3, MRL 9 – Process Yields and Rates
Text:  

LRIP yield and rate targets achieved.  Yields and rates required to begin FRP refined using LRIP results. Yield improvements on-going. 

Background: 

MRL 9 occurs in the Low-Rate Initial Production (LRIP) phase within the acquisition cycle. The main focus of this phase of the acquisition cycle is to permit an orderly increase in the production rate upon successfully completing operational testing.

Goal:  

To use demonstrated results from a LRIP line to verify you have achieved the target yield and rates to meet production rate requirements.  To implement a continuous improvement program using yield and rate data.

Rationale:

The program needs verify the likelihood of achieving production requirements by using demonstrated data from LRIP. To ensure you have confidence in your ability to achieve program requirements you should have achieved either FRP production yield and rate targets or have a low risk plan in place to achieve them by this time.  We would expect all contractors to implement a continuous improvement program using data generated from the production line. 

Definitions: 

· None

Sources of Information:  

This data should come from quality, design, and manufacturing departments.

Questions:

1. Have the Low Rate Initial Production (LRIP) yield and rate targets been achieved? 

2. Have the results of LRIP yields and rates been used to refine FRP yield requirements? 

3. Are yield improvements on-going?

Additional Considerations:  

· None

Lessons Learned: 

The key is to continually update your yield and rate targets as more data becomes available and use the data to make informed program decisions and process improvements. 

E.3, MRL 10 – Process Yields and Rates
Text:  

FRP yield and rate targets achieved.  Yield improvements on-going. 

Background: 

MRL 10 occurs in the Full-Rate Production (FRP) phase within the acquisition cycle. The main focus of this phase is to deliver quality products on schedule and cost. 

Goal:  

To verify you have achieve your FRP yield and rate targets

Rationale:

The program needs verify achieving production requirements by using the lasted demonstrated data. To ensure we have confidence in our ability to achieve program requirements we should have achieved either FRP production yield and rate targets or have a low risk plan in place to achieve them by this time. We would expect all contractors to implement a continuous improvement program using data generated from the production line. 

Definitions: 

· None

Sources of Information:  

This data should come from quality, design, and manufacturing departments.

Questions:

1. Have the Full Rate Production (FRP) yield and rate targets been achieved?

2.  Are yield improvements on-going?

Additional Considerations:  

· None
Lessons Learned: 

The key is to continually update yield and rate targets as more data becomes available and use the data to make informed program decisions and process improvements. 
