G.1, MRL 3 – Manufacturing Workforce (Engineering & Production)
Text:

New manufacturing skills identified.
Background:
MRL 3 occurs during the Pre Material Solution Analysis (Pre MSA) phase within the acquisition cycle. This phase is to conduct an Analysis of Alternative (AoA) of potential solutions to address users’ 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 evaluate whether new manufacturing skills will be needed to produce the alternatives being considered and if so, to assess the risk of obtaining required skills to build the products needed. 
Rationale:

Contractors need to establish very early if new skills will be required and the risk associated with obtaining those skills to meet program requirements. The skills might have to be developed prior to building test units in the earliest phase of a program, possibly before Milestone A. The key here is to understand what if any new skills are required and how they will be developed.
Definitions: 

1. Analysis of Alternatives - The Analysis of Alternatives (AoA) assesses the critical technology elements (CTEs) associated with each proposed materiel solution, including technology maturity, integration risk, manufacturing feasibility, and, where necessary, technology maturation and demonstration needs.
2. New skills: Are those skills needed from the workforce to produce the units for your program that have never been used at the facility targeted to produce the product.  

Sources of Information: 

The Quality Manager, Design Engineer, Manufacturing Engineer, and Resource Management will be good places to get an understanding of the skills available at their facility.
Questions:
1. Have new manufacturing skills been identified?

2. Have the manufacturing skills needed to produce, test and support the proposed concepts been assessed?  

Additional Considerations:

· None

Lessons Learned: 
When you are looking at skills, you must be looking at all the resources required to build, test/inspect and support (e.g. Manufacturing Engineers) the units. 
G.1, MRL 4 – Manufacturing Workforce (Engineering & Production)
Text:

Mfg. skill sets identified and production workforce requirements (technical and operational) evaluated as part of AoA. Determine availability of process development workforce for the Technology Development Phase.
Background:

During the MSA phase, a manufacturing feasibility assessment is required on each of the AoAs being considered, and part of that assessment is to identify workforce skills needed to produce demonstration articles in the Technology Development (TD) Phase and to forecast the needs for the production program.  

Goal:

To perform a top level assessment for the program, looking for areas of risk driven by workforce skills requirements. Where risks are identified, appropriate risk reduction efforts must be put into place in the TD Phase.  In addition, cost should be reflected in both the estimates to execute the TD phase and overall lifecycle cost projections.

Rationale:

The program must ensure the manufacturing workforce risk is assessed for each AoA to make better informed decisions on total risk of achieving program cost, schedule, and performance objectives.

Definitions: 
Analysis of Alternatives - The Analysis of Alternatives (AoA) assesses the critical technology elements (CTEs) associated with each proposed materiel solution, including technology maturity, integration risk, manufacturing feasibility, and, where necessary, technology maturation and demonstration needs.
Sources of Information: 

The Quality Manager, Design Engineer, Manufacturing Engineer, and Resource Management will be good places to get an understanding of the skills available at their facility.

Questions:

1. Have manufacturing skill sets been identified?

2. Have production workforce requirements (technical and operational) been evaluated as part of the AoA?

3. Has the availability of the process development workforce for the Technology Development 
Phase been determined?

Additional Considerations:

· None

Lessons Learned: 

1. When you are looking at skills, you must be looking at all the build, test/inspect and support labor (e.g. Manufacturing Engineers) required for the units to be produced. 

2. If there is a new process, or tolerances are more difficult, there exists a stronger probability of new or critical skills required that may be difficult to obtain.

G.1, MRL 5 – Manufacturing Workforce (Engineering & Production)
Text:

Skill sets identified and plans developed to meet prototype and production needs. Special skills certification and training requirements established.  
Background:

MRL 5 marks the beginning of the Technology Development (TD) phase. The purpose of this phase is to reduce technology and manufacturing risk and to begin the planning efforts to demonstrate manufacturing capability in a relevant environment at the end of this phase. 

Goal: 

The goal at this phase of the acquisition cycle is to reduce risk by producing prototype components in a production relevant environment. Monitoring and assessing the workforce skills needed to produce the prototypes and eventually production units should be part of the program’s management effort in this phase.

Rationale:

This is where you begin identifying special skills needed for building prototype hardware and what special training, if any, is required. This effort will be used to ensure you have resources available to produce the prototype units in a relevant environment.  The top level review can also be used to determine the needed skills for future production and cost requirements.

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 that incorporates all of the key production realism elements (equipment, skills, facilities, materials, work instructions, processes, etc.) required to manufacture production configuration items, subsystems or systems that meet design requirements in low rate production. To the extent practical, the pilot line should utilize full rate production processes.

Sources of Information: 

The majority of the information regarding prototype build in a production relevant environment will come from the manufacturing/industrial engineering and quality departments.  

Questions:

1. Have the necessary workforce skills sets been identified to meet prototype production needs.

2. Have plans for the identified skill sets been developed to meet prototype production needs?

3. Have special skills certification and training requirements been established?
Additional Considerations:

· None

Lessons Learned: 

1. One of the important steps for achieving the goals is to work with the contractor on what will represent a prototype product and relevant environment for your programs. 

2. Focus on new processes, materials or performance requirements either in building or inspection of the products. 

3. If new or critical skills are required to produce the prototype units, be sure you have a good understanding of contractor plans for obtaining these resources.  This area must be tracked closely because it is typically ignored, yet it requires the same level of attention as other key/critical areas.

G.1, MRL 6 – Manufacturing Workforce (Engineering & Production)
Text:

Mfg. workforce skills available for production in a relevant environment. Identify resources (quantities and skill sets) and develop initial plans to achieve requirements for pilot line and production.
Background:

MRL 6 marks the ending of the Technology Development (TD) phase. A Preliminary Design Review (PDR) should occur prior to completing the TD phase.  The purpose of this phase is to reduce technology and manufacturing risk by evaluating both in a relevant environment.

Goal: 

The goal at this phase of the acquisition cycle is to evaluate the workforce sills required by producing the prototype components in a production relevant environment. Monitoring, assessing, and identifying the workforce skills needed to produce the development units for the Engineering Manufacturing Development (EMD) phase and eventually the Production phase.

Rationale:

This is where you will begin demonstrating the special skills needed for building the prototype unit hardware and what special training, if any, is required. This effort will be used to plan for the resources required to produce the development units in a Production Representative and Pilot Production Line.  The top level review on skills can also be used to determine future production requirements and cost.

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 that incorporates all of the key production realism elements (equipment, skills, facilities, materials, work instructions, processes, etc.) required to manufacture production configuration items, subsystems or systems that meet design requirements in low rate production. To the extent practical, the pilot line should utilize full rate production processes.
3. 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.  
4. 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: 

The majority of the information regarding needed skills will come from the Manufacturing/ Industrial Engineering, Quality, and Human Resources Departments.  

Questions:

1. Are the manufacturing workforce skills available for production in a relevant environment?

2. Have resources (quantities and skill sets) been identified to achieve requirements for pilot line and production? 

3. Have initial plans for the identified resources (quantities and skill sets) been developed to achieve requirements for pilot line and production?

Additional Considerations:

· None
Lessons Learned: 

1. You must work with the contractor/ supplier to identify what represents a pilot line for your program. 

2. A key area to look at in this phase is work effort that will migrate from labs and prototype areas to the factory floor, specifically what new skills are needed versus what are available.

3. Ensure plans address the skills needed by factory floor personnel are adequate to demonstrate a pilot line in the next phase. 

4. A major problem in migrating to EMD is that you end up producing development units with highly skilled technicians because plans are inadequate for transitioning production processes to the factory floor.

G.1, MRL 7 – Manufacturing Workforce (Engineering & Production)
Text:

Mfg. workforce resource requirements identified for pilot line.  Plans developed to achieve pilot line requirements.  Plans updated to achieve LRIP workforce requirements.  Pilot line workforce trained in production representative environment.
Background:

MRL 7 marks the beginning of the Engineering and Manufacturing Development (EMD) phase. The Critical Design Review (CDR) will occur early in this phase, and the risk associated with providing the skill workforce needed must be addressed as design requirements are finalized. During the beginning phase of EMD, you will be demonstrating manufacturing skills in a Production Representative Environment.

Goal: 

One of the goals early in EMD is to understand the risk in obtaining workforce skills required to meet production requirements. To fully understand this risk, you must target production of development units in a representative environment as much as possible.  This includes monitoring, assessing and identifying workforce skills needed to produce the development units for EMD and beginning training of the workforce for the pilot line, and eventually, Production. Understanding workforce skills requirements as they relate to design requirements should be addressed during CDR and reflected in cost and schedule projections for the Production phase.
Rationale:

This is where you will begin demonstrating the special skills needed to build development unit hardware and what special training, if any, is need for a production representative environment. This effort will be used to plan for resources required to produce development units in a Pilot Production Line.  The top level review on skills can also be used to determine future production requirements and cost.

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: 

The majority of the information, regarding skills needed, will come from the Manufacturing/Industrial Engineering, Quality, and Human Resources Departments.  

Questions:
1. Have the manufacturing workforce resource requirements been identified for the pilot line?

2. Have plans been developed to achieve pilot line requirements?

3. Have plans been updated to achieve Low Rate Initial Production (LRIP) workforce requirements? 

4. Has the pilot line workforce been trained in the representative environment?

Additional Considerations:

· None
Lessons Learned: 

1.  You must work with the contractor/ supplier to identify what represents a pilot line for your program. 
2. A key area to look at in this phase is work effort that will migrate from labs and prototype areas to the factory floor from TD to EMD, specifically what new skills are needed versus what are available.

3. Ensure plans address the skills needed by factory floor personnel are adequate to demonstrate a pilot line. 

4. A major problem in migrating to EMD is that you end up producing development units with highly skilled technicians because plans are inadequate for transitioning production processes to the factory floor. You must place special emphasis on getting factory personnel to produce the EMD hardware as much as possible and understand the risk as you migrate to production. If unique skills are required in production, ensure they are reflected in cost and schedule risk assessments. This early phase will focus more on the planning effort to migrate to the factory floor.

G.1, MRL 8 – Manufacturing Workforce (Engineering & Production)
Text:

Mfg. workforce resource requirements identified for LRIP. Plans developed to achieve LRIP requirements.   Plans updated to achieve FRP workforce requirements.  LRIP personnel trained on pilot line where possible.
Background:

MRL 8 occurs at the end of the Engineering Manufacturing Development (EMD) phase. The Critical Design Review should have been completed and hardware should be nearing the completion of production qualification or be qualified. 
Goal: 

The goal at this phase of the acquisition cycle is to adequately demonstrate workforce skills required for production by producing development units in a pilot line environment.  You want to ensure the workforce has established an affordable and executable manufacturing process. 

Rationale:

This is where you demonstrate special skills needed for building production unit hardware. This effort is used to plan resources required to make production units. The results of your pilot line will be used to assess the risk of achieving production projections on cost and schedule.

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: 

The majority of the information regarding needed skills will come from the Manufacturing/ Industrial Engineering, Quality, and Human Resources Departments.  

Questions:
1. Have manufacturing workforce resources requirements been identified for Low Rate Initial Production (LRIP)?

2. Have plans been developed to achieve LRIP requirements? 

3. Have plans been updated to achieve Full Rate Production (FRP)?

4. Have LRIP personnel been trained on the pilot line where possible?

Additional Considerations:

· None
Lessons Learned: 
1. One of the important steps for achieving this requirement is to work with the contractor/ supplier on what represents a pilot line for your programs. 

2. Place special emphasis on any new skills being required on the factory labor.

3. A major problem in migrating to Production is that you end up producing EMD units with highly skilled technicians because plans are inadequate for transitioning production processes to the factory floor.  Place special emphasis on getting factory personnel to produce the EMD hardware as much as possible and understand the risk as you migrate to production. If unique skills are required in production, ensure they are reflected in cost and schedule risk assessments. 
G.1, MRL 9 – Manufacturing Workforce (Engineering & Production)
Text:

LRIP personnel requirements met. Implement plan to achieve FRP workforce requirements.
Background:

MRL 9 occurs at the beginning of the Production phase, sometimes referred to Low-Rate Initial Production (LRIP). Hardware qualification should be completed, but there still could be some testing going on by the user.  The key should be that design is stable.

Goal: 

The goal is to demonstrate that the manufacturing processes are under control and that workforce skills are available to achieve requirements (performance, schedule and cost objectives).  You will also be assessing whether workforce planning has been adequately demonstrated/validated to allow for an orderly increase in production rate. 
Rationale:

This is where you will validate that your planning has provided the necessary special skills to ensure your processes for building the production unit hardware are under control.
Definitions:  

Low-Rate Initial Production (LRIP) - The production of a system in limited quantity, usually less than 10% of production quantities; to provide articles for operational test and evaluation, to establish an initial production base, and to permit an orderly increase in the production rate sufficient to lead to full-rate production upon successful completion of operational testing. 

.

Sources of Information: 

The majority of the information regarding needed skills will come from the Manufacturing/ Industrial Engineering, Quality and Human Resources Departments.  

Questions:
1. Have Low Rate Initial Production (LRIP) personnel requirements been met?

2. Has a plan been implemented to achieve Full Rate Production (FRP) workforce requirements? 

Additional Considerations:

· None

Lessons Learned: 

One consideration as you migrate to higher rate production will be to examine union agreements and other contingencies that might impact higher rates.

G.1, MRL 10 – Manufacturing Workforce (Engineering & Production)
Text:

FRP personnel requirements met.  Production workforce skill sets maintained due to attrition of workforce.
Background:

MRL 10 occurs at or before entering the Full Rate Production phase. Hardware qualification, Initial Operational Testing should have been completed. 

Goal: 

The goal is to demonstrate that the manufacturing processes are under control and that workforce skills are available to achieve Full Rate Production requirements (performance, schedule and cost objectives).  You will also be assessing whether workforce planning has been adequately demonstrated/validated to allow for a possible surge in production rate. 

Rationale:

This is where you will validate that your planning has provided the necessary special skills to ensure your processes for Full Rate Production are under control.

Definitions:   

1. Full Rate Production (FRP): Production of economic quantities following stabilization of the system design and prove-out of the production process.

2. Surge: Dramatic increase in the rate of output to meet sudden and heavy demand (such as in wartime) through multiple work shifts and/or expansion of the production capacity.
Sources of Information: 

The majority of the information regarding needed skills will come from the Manufacturing/ Industrial Engineering, Quality and Human Resources Departments.  

Questions:

1. Have Full Rate Production (FRP) personnel requirements been met including all necessary certifications? 

Additional Considerations:

· Are production workforce skill sets being maintained due to attrition of the workforce? 
· Are Workforce personnel available, or can they be trained, to meet surge requirements if necessary?
Lessons Learned: 

1. One consideration as you migrate to higher rate production will be to examine union agreements and other contingencies that might impact higher rates.

2. Also look at the personnel demographics for key skills.

