A.2, MRL 2 – Manufacturing Technology
Text:  

New manufacturing concepts and potential solutions identified.

Background: 
MRL 2 occurs early in the Pre Material Solution Analysis (Pre MSA) phase before the acquisition cycle begins. This phase of the Research and Development is usually associated with Basic Research or Applied Research in Science and Technology.
Goal:  
To begin identify new manufacturing requirements (e.g. concepts) to build future products and to use this information to explore potential solutions. This information will allow decision makers insight into the risk and requirements of new manufacturing concepts and start exploring potential solutions to address implementing these concepts early in the S&T phase before acquisition is initiated. 
Rationale:
The S&T community needs to have a basic understanding on the manufacturing requirements and the risk and implications to proceed with the approach being considered.  
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.

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 new manufacturing concepts and potential solutions been identified?

Additional Considerations:  
· None
Lessons Learned: 

Historically we have not adequately address the manufacturing risk in this phase of an S&T program, and if we want to change this we must start addressing the manufacturing risk/issues earlier in the S&T process. 
A.2, MRL 3 – Manufacturing Technology
Text:  

Manufacturing technology concepts identified through experiments/models. 

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 Advance Technology Development (ATD) program as it transitions from the labs into the acquisition phase.

Goal:  

To begin identifying manufacturing concepts required to produce your product through experimentation and models and to use this information to understand the risk in pursuing this approach. To allow decision makers insight into the risk of new manufacturing concepts with more data and start exploring mitigation options to address those risk identified through experiments and models.

Rationale:

To effectively transition ATDs one must address the manufacturing maturity of the prototypes being developed. Assessing the maturity of the manufacturing processes in ATDs mandates that the S&T and acquisition community work together and a key part of that assessment needs to have a basic understanding of the manufacturing risk drivers and implications to your production development strategy as you proceed with the approach being considered.  

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, overall objectives/goals for cost, schedule and performance that are planning to be demonstrated should be reviewed with the customer(s) (i.e. Users, S&T, and the Acquisition community) especially critical that the cost goals reflect manufacturing cost considerations and capabilities.

Questions:

1. Have manufacturing technology concepts been identified through experiments/models?

Additional Considerations:  

· None
Lessons Learned: 

Historically we have not adequately address the manufacturing issues in this phase of an S&T program where we start transitioning hardware from the labs to acquisition.  If we want to change this we must start addressing what the issues are and to assess the manufacturing risk earlier in the S&T process. 

A.2, MRL 4 – Manufacturing Technology
Text:  

Mfg Science & Advanced Mfg Technology requirements identified.

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 Alternative (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 can best support program requirements.

Goal:  

To begin assessing the manufacturing processes of the alternatives being considered in order to identify the manufacturing science and advance manufacturing technologies efforts required to support the AoAs. To use this information to understand the manufacturing risk in selecting the alternatives to proceed with into the TD phase. To use this information to quantify the uncertainty/risk of the achieving the program objectives and start implementing mitigation efforts, as required.

Rationale:

The program needs to begin understanding the manufacturing risk of each AoA and reflect that risk in your program planning efforts. A critical step in doing that is by performing manufacturing feasibility study k to produce the alternative being considered and understand the degree new manufacturing science and advance manufacturing technologies are required to support the AoAs.  .  At the end of this phase you will select the best alternatives available to address the User’s requirements to proceed into TD  and should have a good understanding of the manufacturing risk of the AoAs selected to ensure you addressed it in you budgets/funding, planning, and key program documentations (e.g. Technology Development Strategy) for TD effort.

Definitions: 

· None
Sources of Information:  

This data should come from the design and manufacturing departments.

Questions:

1. Have pertinent Manufacturing Science (MS) and Advanced Manufacturing Technology requirements been identified?

Additional Considerations:  

· None
Lessons Learned:

Historically we have not adequately address the manufacturing risk in this phase of the program, and if we want to change this we must start assessing the manufacturing science and advance manufacturing technologies efforts required to support the AoAs. and address these issues earlier in the acquisition process for each alternative.  

A.2, MRL 5 – Manufacturing Technology
Text:  

Required manufacturing technology development efforts initiated, if applicable.

Background: 

MRL 5 occurs in the early stages of the Technology Development (TD) phase within the acquisition cycle. The main focus if this phase of the acquisition cycle is to assess, identify, and reduce risk by manufacturing and testing prototype units in a relevant environment.  Understanding the risk of achieving the production requirements will be a key element of exiting this phase where we should assess if manufacturing technology development is required to achieve the User’s requirements.

Goal:  

To assessing process capability by using data from building the prototypes and similar processes in production to assess if target cost are achievable. Determine if manufacturing development efforts are required to achieve program objectives. Use this information to compare what will be required to meet production program requirements. 

Rationale:

The program needs to continue assess need to develop manufacturing technology required to meet program requirements, by using real data and performing these assessments we can ensure we have adequately assess the manufacturing risk of transitioning into production.  At the end of this phase you will select the best alternatives available to address the User’s requirements to proceed into EMD and you should understand the risk, especially for processes that will require manufacturing technology development., 

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 design and manufacturing departments.

Questions:

1. Have the required manufacturing technology development efforts been initiated as applicable?
Additional Considerations:  

· None
Lessons Learned: 

Historically we have not adequately address the production risk in this phase of the program, and if we want to change this we must start assessing the manufacturing technology required to achieve program requirements. And if manufacturing technology development is required then ensure it is being effective implemented in time to meet your program schedule.  

A.2, MRL 6 – Manufacturing Technology
Text:  

Manufacturing technology efforts continuing.  Required manufacturing technology development solutions demonstrated in a production relevant environment. 

Background: 

MRL 6 occurs in the late stages of the Technology Development (TD) phase within the acquisition cycle. The main focus if this phase of the acquisition cycle 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 element of exiting this phase where we look at the risk of the options to achieve the User’s requirements.

Goal:  

To assess the progress of manufacturing technology efforts on-going and determine of new efforts are required using data generated in a production relevant environment.

Rationale:

The program needs to understand the manufacturing technology efforts required to produce the EMD units and the associated risk. 

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 design and manufacturing departments.

Questions:

1. Are the necessary manufacturing technology development efforts continuing? 

2. Have the required manufacturing technology development solutions been demonstrated in a production relevant environment? 

Additional Considerations:  
· None

Lessons Learned: 

We need to progress of required manufacturing technology development as we transition into EMD to adequately manage risk.  Addressing manufacturing technology development must begin as early as possible. 

A.2, MRL 7 – Manufacturing Technology
Text:  

Manufacturing technology efforts continuing.  Required manufacturing technology development solutions demonstrated in a production representative environment. 

Background: 

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

Goal:  

To ensure that adequate progress in our manufacturing technology efforts are being made by using the demonstrated results from a production representative environment. 

Rationale:

The program needs to verify that the needed manufacturing technology efforts are being supported and progressing satisfactory.  We need to have confidence in our ability to provide the manufacturing technology required to support program objectives.

Definitions: 

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:  

This data should come from design and manufacturing departments.

Questions:

1. Are the necessary manufacturing technology development efforts still continuing? 

2. Have the required manufacturing science and manufacturing technology development solutions been demonstrated in a production representative environment?

Additional Considerations:  
· None

Lessons Learned: 

The key is to continually assess the progress of all manufacturing technology required to support your program.

A.2, MRL 8 – Manufacturing Technology
Text:  

Primary manufacturing technology efforts concluding, and some improvement efforts continuing.  Required manufacturing technology solutions validated on a pilot line.

Background: 

MRL 8 occurs in the later stages of the Engineering and Manufacturing Development (EMD) phase within the acquisition cycle.  The main focus if this phase of the acquisition cycle is to demonstrate the manufacturing process will support program requirements. You should leave this phase with adequate knowledge, obtain through demonstration, that you manufacturing process are capable of producing affordable systems (i.e. achieving your production target cost, schedule, and performance requirements).  The program is approaching a MS C decision and the design should be stable such that the manufacturing equipment and technologies should be mature at this time.  The manufacturing equipment and associated processes should be capable of beginning LRIP as demonstrated on a pilot production line. 

Goal:  

To ensure that adequate progress in the manufacturing technology efforts are being made by using demonstrated results from a pilot line environment.  The intent here is to demonstrate that your manufacturing equipment and processes utilize mature technology and are proven to be adequate, using a pilot line production environment, to achieve Low Rate Initial Production objectives.  Manufacturing equipment and processes should be based on new technology that is at a TRL of 8 or higher to support a pilot production line for LRIP.

Rationale:

The program needs to verify that the needed manufacturing technology efforts are being supported and progressing satisfactory.  The technology of your manufacturing equipment and associated manufacturing processes must be mature enough to support demonstration of a Pilot Production Line as specified within DODI 5000.02.  This will ensure you can achieve a production yield that is high enough to support the program development schedule and doesn’t require rework leading to excessive cost and schedule impact.  You need to demonstrate a Pilot Line because it will provide you verifiable process capability/performance results to compare with what is needed to achieve your LRIP requirements. Some of the data includes information necessary to determine whether you can achieve tolerances for all Key Characteristics.  With this data you can determine the likelihood of achieving the process capability needed to meet LRIP requirements and where your risks are in going into LRIP.
Definitions: 

1. 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.

2. Process Capability:  The goal of manufacturing is to produce "uniform, defect-free product that meets the users intent." A measure of quality is the process capability index. This index measures the degree to which a process is providing product that is within the spec limits.  At this point you may or may not have enough data to establish a capability index.
Sources of Information:  

The majority of the results from your Pilot Line will come from the manufacturing/industrial engineering and quality departments. Some of key measures will be process capability charts, cycle time, total manufacturing hours, scrape/rework percentages, first-pass-yield results, realization factors from actual versus standards, and change rates (Design and Processes).  From these metrics, a root cause analysis can indicated whether problems with the pilot production line are due to the introduction of new, immature technology or some other manufacturing related issue.  

Questions:

1. Are the primary manufacturing technology efforts concluding and some improvement efforts continuing? 

2. Have the required manufacturing technology development solutions been validated on a pilot line?  

Additional Considerations:  
· None

Lessons Learned:  

One of the important steps for achieving this requirement is to work with the contractor/supplier on what represents a pilot production line for your programs. This effort should be done as soon as practical and if at all possible, before the award of the contract where this activity will be performed (e.g. EMD). All ACAT programs are required to conduct a Technology Readiness Assessment (TRA) to determine if new technology is being utilized in developing the system design.  Manufacturing technology is required to be considered as part of the TRA.  Reviewing TRA results can provide indication that new manufacturing technology is being used.  The TRA may miss new manufacturing technology though, since TRAs tend to focus on system design.  A review of information collected from earlier MRL assessments and findings is another important source of identifying new manufacturing technology insertion.  The third and final way is to review each the pilot production lines for all parts of system development to determine if any new equipment or processes are being used.  For the introduction of new equipment or processes, determine if it is based on the introduction of new technology or just reengineering of existing manufacturing not based on new science or technology.  A complete audit of the pilot production line equipment and processes can identify insertion of new technology.  Once identified, focusing in on just process capabilities measures from a Statistical Process Control (SPC) may not be possible due to lot sizes (i.e. data available), therefore you will need to look a other key performance output measures to determine the process capability (e.g. First Pass Yield, Scrap/Rework, Hours, Cycle Times, etc.). Results that fall into expected norms indicate that new technology is performing up to expectations but results out of the expected band indicate possible influence of immature technology and require a closer look.  Root cause analysis of negative results and unexpected outputs may indicate immature technology.

A.2, MRL 9 – Manufacturing Technology
Text:  

Manufacturing technology process improvements efforts initiated for FRP.

Background: 

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

Goal:  

To assess if manufacturing technologies efforts are required to meet FRP requirements and if so make sure they are initiated. 

Rationale:

The program constantly needs to assess if manufacturing technology efforts are required to meet the program objectives. Implement manufacturing technology programs effectively can be a major tool in this effort. 

Definitions: 

· None

Sources of Information:  

This data should come from design and manufacturing departments.

Questions:

1. Have the required manufacturing technology process improvement efforts been initiated for Full Rate Production (FRP)?

Additional Considerations:  
Lessons Learned: 

You continuously need to assess your production process and capabilities to support your program requirements and implementing manufacturing technologies can be a critical tool for helping you overcome shortfalls – especially in cost targets.  

A.2, MRL 10 – Manufacturing Technology
Text:  

Manufacturing technology continuous process improvements ongoing. 

Background: 

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

Goal:  

To assess manufacturing technologies to improve efforts for FRP

Rationale:

The program constantly needs to assess options to improve the performance. Implement manufacturing technology programs effectively can be a major tool in this effort. 

Definitions: 

· None

Sources of Information:  

This data should come from model/simulation, design and manufacturing departments.

Questions:

1. Are manufacturing technology continuous process improvements ongoing?

Additional Considerations:  
· None

Lessons Learned: 

The key is to have a continuous improvement program and implementing manufacturing technologies can be a critical tool in that effort.  

