H.1, MRL 4 - Tooling/Special Test and Inspection Equipment (STE/SIE)
Text:  
Tooling/Special Test Equipment (STE)/Special Inspection Equipment (SIE) requirements are considered as part of AoA.
Background: 
 MRL 4 occurs at the end Pre Material Solution Analysis (Pre 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 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 if new/unique tooling and test equipment will be required to produce the alternatives being considered and to understand the overall requirements of tooling and test equipment as it will impact the cost. To use this information to understand the cost and performance risk in selecting the best alternative and to begin risk planning to address those risk identified.
Rationale:
Contractors need to establish very early their tooling and test equipment concepts and if they need to develop new/unique tooling and test equipment to produce alternatives being considered. If new/unique tooling and test equipment will be needed to produce and test the item under consideration you will need to begin addressing the risk this presents in achieving your program requirements.
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/Unique Tooling – Tooling that will be required to produce a product at tolerances, configurations, materials, environment (e.g. Temperatures), speeds, etc that has not been done by the contractor proposing to build this alternative.
3. New/Unique Test Equipment – Equipment that has to test performance parameters never verified by the contractor proposing to build this alternative. 

Sources of Information:  
This data should come from both design and manufacturing engineering working together along with test engineering, manufacturing tooling and test departments.

Questions:
1. Are tooling/Special Test Equipment (STE)/Special Inspection Equipment (SIE) requirements being considered as part of AoA?  

Additional Considerations:  
· None
Lessons Learned: 

Tooling and test equipment can be major cost and risk drivers and must be addressed in your considerations of alternatives. If new/unique tooling and test equipment are required, this will be an area you need to track through EMD.

H.1, MRL 5 - Tooling/Special Test and Inspection Equipment (STE/SIE)

Text:

Identify tooling and STE/SIE requirements and provide supporting rationale and schedule.

Background: 

MRL 5 occurs at the beginning of the TD phase within the acquisition cycle. This phase of the acquisition cycle process is to examine begin the planning effort to identify, evaluate, and reduce the manufacturing risk with each potential material solutions with the goal of identifying the most promising option that can best support program requirements.

Goal:  

To evaluate if new/unique tooling and test equipment will be required to produce the alternatives being considered and to understand the overall requirements of tooling and test equipment as it will impact the cost. To use this information to understand the cost and performance risk in selecting the best alternative and to begin risk planning to address those risk identified.

Rationale:

Contractors need to establish very early their tooling and test equipment concepts and if they need to develop new/unique tooling and test equipment to produce the alternative being considered. If new/unique tooling and test equipment will be needed to produce and test the item under consideration you will need to begin addressing the risk this presents in achieving your program requirements

Definitions:  

1. New/Unique Tooling – Tooling that will be required to produce a product at tolerances, configurations, materials, environment (e.g. Temperatures), speeds, etc that has not been done by the contractor proposing to build this alternative.
2. New/Unique Test Equipment – Equipment that has to test performance parameters never verified by the contractor proposing to build this alternative. 

Sources of Information:  

This data should come from both design and manufacturing engineering working together along with test engineering, manufacturing tooling and test departments.

Questions:

1. Have tooling and STE/SIE requirements been identified?

2. Have supporting rationale and a schedule been provided for the tooling and STE/SIE requirements? 
Additional Considerations:  

· None
Lessons Learned: 

Tooling and test equipment can be major cost and risk drivers and must be addressed in your considerations of alternatives.  If new/unique tooling and/or test equipment is required this will also be an area that will need your attention and will be an area you will need to track through EMD. 

H.1, MRL 6 - Tooling/Special Test and Inspection Equipment (STE/SIE)

Text:

Prototype tooling and STE/SIE concepts demonstrated in production relevant environment. Production tooling and STE/SIE requirements developed.

Background: 

MRL 6 occurs at the end of the TD phase within the acquisition cycle. This phase of the acquisition cycle is to assess the risk and put into place plans to reduce manufacturing risk with options being considered, to select the best option to support program requirements, and to begin understanding future tooling and test equipment requirements.

Goal:  

Where new/unique tooling and test equipment are required for a program, you should build prototype units in a production relevant environment. This is a critical step to understand manufacturing risk. You must also understand program requirements for new tooling and test equipment and determine the impact this equipment will have on program cost, schedule, and performance.  All of this information is needed to understand cost and performance risk for the selected alternative and to begin risk management effort in the subsequent phases. 

Rationale:

Contractors need to establish very early their tooling and test equipment concepts and whether new/unique tooling and test equipment are needed to produce the alternative(s) being considered. If new/unique tooling and test equipment are needed, you must begin to address the risk this presents in achieving your program requirements

Definitions:  

1. New/Unique Tooling – Tooling that will be required to produce a product at tolerances, configurations, materials, environment (e.g. Temperatures), speeds, etc that has not been done by the contractor proposing to build this alternative.
2. New/Unique Test Equipment – Equipment that has to test performance parameters never verified by the contractor proposing to build this alternative. 
3. 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).
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:  

This data should come from both design and manufacturing engineering working together along with test engineering, manufacturing tooling and test departments.

Questions:
1. Have prototype tooling and STE/SIE concepts been demonstrated in production relevant environment? 
2. Have production tooling and STE/SIE requirements been developed? 

Additional Considerations:  

· None
Lessons Learned: 

1. Tooling and test equipment can be major cost and risk drivers and must be addressed in your considerations of alternatives. If new/unique tooling and test equipment are required it is important to demonstrate them in a production relevant environment in this phase. 
2. It is very important that you work with the contractors to determine what a production relevant environment means for your program. 

H.1, MRL 7 - Tooling/Special Test and Inspection Equipment (STE/SIE)

Text:

Production tooling and STE/SIE design and development efforts underway.  Mfg. equipment maintenance strategy developed.

Background: 

MRL 7 occurs at the beginning of the EMD phase where the planning must be in place to ensure you develop an affordable and executable manufacturing process by demonstrating that the manufacturing capability can achieve performance, cost, and schedule requirements.

Goal:  

To demonstrate the production tooling and test equipment required by building early EMD units in a production representative environment to the extent practical. To ensure that production tooling and test equipment design and development is progressing satisfactorily so as to be used in the pilot line. This effort is the beginning of the effort to understand manufacturing capability and risk in EMD. Another key activity is to begin the planning to understand the overall maintenance requirements for tooling and test equipment on your program. 

Rationale:

Contractors must demonstrate manufacturing capability in this phase, and tooling and test equipment is a key element of this activity. The development of required tooling and test equipment must be monitored closely and focusing in on the production of the EMD units is an excellent approach in monitoring the progress in this area. 

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 both design and manufacturing engineering working together along with test engineering, manufacturing tooling and test departments.

Questions:
1. Are production tooling and STE/SIE design and development efforts underway? 

2. Has a manufacturing equipment maintenance strategy been developed?

Additional Considerations:  

· None
Lessons Learned: 

1. The monitoring of the design, development and use of the tooling and test equipment needs to be accomplished because this equipment can be major cost and risk drivers. They must be addressed in your assessment of manufacturing capability. 
2. Making sure the contractor has a maintenance strategy is important to ensure good products are coming off the line, and this area typically does not get addressed until there is a problem.
H.1, MRL 8 - Tooling/Special Test and Inspection Equipment (STE/SIE)

Text:

Tooling, test and inspection equipment proven on pilot line and additional requirements identified for LRIP.  Mfg equipment maintenance demonstrated on pilot line.

Background: 

MRL 8 occurs at the end of the EMD phase where the program must demonstrate that manufacturing capability can achieve performance, cost, and schedule objectives.

Goal:  

The tooling and test equipment must be used in a pilot production line and should demonstrate that it can produce results to achieve program requirements. During this time frame you should also demonstrate maintenance requirements on the tooling and test equipment for your program.  You will want to ensure all tooling and test equipment required for LRIP is identified, and to the maximum extent practicable, is demonstrated in the EMD pilot line.  If not, you must assess the risk of moving forward and ensure decision makers are aware of the risk and mitigation options.

Rationale:

The program must demonstrate manufacturing capability prior to proceeding into production. The tooling and test equipment are an essential element in making that determination.   

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 both design and manufacturing engineering working together along with test engineering, manufacturing tooling and test departments.

Questions:
1. Have all tooling, test, and inspection equipment been proven on the pilot line?

2. Have all tooling, test and inspection equipment requirements been identified for Low Rate Initial Production (LRIP)? 

3. Has manufacturing equipment maintenance been demonstrated on pilot line?

Additional Considerations: 
· None 

Lessons Learned: 

1. Tooling and test equipment can be major cost and risk drivers, and their capability needs to be fully understood before proceeding into Production. If there will be tooling and test equipment used in production that have not yet demonstrated the required performance, it is essential to ensure risk management is applied and appropriate mitigation strategies introduced.  

2. You also must look at the rate capability and utilization of EMD tooling and test equipment and ensure there is adequate capacity or that the program has identified and budgeted money to obtain additional tooling and test equipment required for LRIP. 
3. In the past, program managers have assumed there was adequate test equipment capacity available using EMD assets, which turned out not to be case because of efforts required to support Operation Test and Evaluation (OT&E) and/or other test efforts. 
H.1, MRL 9 - Tooling/Special Test and Inspection Equipment (STE/SIE)

Text:

All tooling, test and inspection equipment proven in LRIP and additional requirements identified for FRP.  Mfg equipment maintenance schedule demonstrated.

Background: 

MRL 9 occurs during LRIP phase, and you must demonstrate that there are no significant manufacturing risks; manufacturing processes are under control (if Milestone C is full-rate production), and that the system is affordable.

Goal:  

The tooling and test equipment have been adequately proven to proceed into Full Rate Production and that the maintenance schedule will support your production requirements.

Rationale:

The program is required to demonstrate there is no significant manufacturing risk prior to proceeding into FRP. The capability and capacity of your tooling and test equipment are an essential element in making that determination.   

Definitions:  

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

This data should come from both design and manufacturing engineering working together along with test engineering, manufacturing tooling and test departments.

Questions: 

1. Have all tooling, test, and inspection equipment been proven in the Low Rate Initial Production (LRIP)?

2. Has all tooling, test, and inspection equipment been proven in LRIP and additional requirements identified for Full Rate Production (FRP)?
3. Has a manufacturing equipment maintenance schedule been demonstrated?

Additional Considerations:  

· None
Lessons Learned: 

The capability and capacity of the tooling and test equipment can be major cost and risk drivers and must be addressed when you are demonstrating that there is no significant manufacturing risk for Full Rate Production.  You will need to look at key elements in this area (e.g., cycle time, yield, scrap and rework, etc.) when you assess the capability to achieve program requirements and determining capacity. You must look at all of these elements to determine your rate requirements for tooling and test equipment.

H.1, MRL 10 - Tooling/Special Test and Inspection Equipment (STE/SIE)

Text:

Proven tooling, test and inspection equipment in place to support maximum FRP.  Planned equipment maintenance schedule achieved.

Background: 

MRL 10 occurs during FRP phase and you must demonstrate control of the manufacturing process, collection of statistical process control data, and demonstrated control and capability of other critical processes.

Goal:  
The tooling and test equipment have been proven to proceed into Full Rate Production (i.e., you can demonstrate capability and capacity to support your program requirements) and that the maintenance schedule will support your production requirements.

Rationale:

The program is required to demonstrate control of the manufacturing process and the tooling and test equipment used will be a critical part of that effort. The capability and capacity of your tooling and test equipment, as it relates to your program requirements, are an essential element in making that determination.   

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:  

This data should come from both design and manufacturing engineering working together along with test engineering, manufacturing tooling and test departments.

Questions: 
1. Are proven tooling, test, and inspection equipment in place to support maximum Full Rate Production (FRP)?
2. Has a planned equipment maintenance schedule been achieved?

Additional Considerations:  

· Is sufficient tooling and test equipment available, or can it be obtained, to meet surge requirements, if necessary?
Lessons Learned: 

The capability and capacity of the tooling and test equipment can be major cost and risk drivers and must be addressed when you are demonstrating that that manufacturing process are under control for Full Rate Production.  You must look at key elements in this area (e.g., cycle time, yield, scrap and rework, etc.) when you assess the capability to achieve program requirements and in determining the capacity. You will need to look at all of these elements to determine your rate requirements for tooling and test equipment.

