B.1, MRL 3 – Producibility Program

Text:

Relevant materials/processes evaluated for manufacturability using 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 identify manufacturability and producibility for the alternative being considered, and to use this information to understand the manufacturing risk to help manage the transition. To see some high level process charts to support this effort, and for new processes have some data available based on a minimum of experimental data and modeling.  Manufacturability and Producibility are key criteria that need to be re-evaluated through every MRL from MRL 3 through MRL10, as some designs seem to continuously change.  

Rationale:  

Manufacturability and Producibility historically have not been evaluated until the product design is virtually frozen, thus incurring excessive product cost and product/process quality problems. Having to redesign the product to be affordable and capable of being produced in quantity is cost, quality and schedule prohibitive. 

Definitions:  

1. Manufacturability: The characteristics considered in the design cycle that focus on process capabilities, machine or facility flexibility, and the overall ability to consistently produce at the required level of cost and quality. Associated activities may include some or all of the following: 

· Design for commonality and standardization—uses fewer parts 

· Design for environmental and safety compliance 

· Design for multi-use and dual-use applications 

· Design for modularity and plug compatible interface/integration 

· Design for flexibility/adaptability or use “robust design” 

· Utilize reliable processes and materials 

· Utilize monolithic and determinant assembly 

· Design for manufacturing and assembly 

· Achieve production yield 

2. Producibility: The relative ease of producing an item that meets engineering, quality and affordability requirements. Associated activities may include some of the following: 

· Design for specific process capability and control parameters 

· Perform material characterization analysis 

· Perform variable reduction analysis, e.g., Taguchi and design of experiments 

· Develop critical materials and processes before selecting product design 

· Utilize modeling and simulation for product and process design tradeoffs 

· Design and development of closed-loop process control on critical items
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 relevant materials/processes been evaluated for manufacturability using experiments/models?

Additional Considerations: 

• Is there a need to evaluate/re-evaluate materials/processes characteristics for manufacturability and/or producibility issues?  

• Have new manufacturing concepts and potential solutions been identified that could impact manufacturability/producibility?

• Have new item gaps/risks impacting manufacturability and/or producibility been identified for key technologies, components, and/or key processes?

• Have initial estimates of yields and rates based on experiments or state of the art been completed that could show potential manufacturability and/or producibility issue?
Lessons Learned: 

1. Historically manufacturability and producibility issues are ignored early in S&T. 

2. Producibility and manufacturability risks need to be presented to the acquisition community before transitioning to understand the overall risk of achieving program objectives.
B.1, MRL 4 – Producibility Program

Text:
Initial producibility and manufacturability assessment of preferred systems concepts completed.  Results considered in selection of preferred design concepts and reflected in Technology Development Strategy key components/ technologies.

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 can best support program requirements.

Goal:

To ensure the producibility and manufacturability assessments have been performed and that the results will be used to identify the risk drivers in manufacturing for alternatives being considered and implement appropriate mitigation strategies.

Rationale:

The program needs to ensure that producibility and manufacturability risks are being adequately assessed and that the best alternatives will be considered.
Definitions:
1. Manufacturability: The characteristics considered in the design cycle that focus on process capabilities, machine or facility flexibility, and the overall ability to consistently produce at the required level of cost and quality. Associated activities may include some or all of the following: 

· Design for commonality and standardization—uses fewer parts 

· Design for environmental and safety compliance 

· Design for multi-use and dual-use applications 

· Design for modularity and plug compatible interface/integration 

· Design for flexibility/adaptability or use “robust design” 

· Utilize reliable processes and materials 

· Utilize monolithic and determinant assembly 

· Design for manufacturing and assembly 

· Achieve production yield 

2. Producibility: The relative ease of producing an item that meets engineering, quality and affordability requirements. Associated activities may include some of the following: 

· Design for specific process capability and control parameters 

· Perform material characterization analysis 

· Perform variable reduction analysis, e.g., Taguchi and design of experiments 

· Develop critical materials and processes before selecting product design 

· Utilize modeling and simulation for product and process design tradeoffs 

· Design and development of closed-loop process control on critical items

3. Analysis of Alternatives (AoA): An AoA is an analytical comparison of the operational effectiveness, suitability, and life-cycle cost (or total ownership cost, if applicable) of alternatives that satisfy established capability needs. Initially, after the Materiel Development Decision, the AoA is initiated to examine potential materiel solutions with the goal of identifying the most promising option, thereby guiding the Materiel Solution Analysis phase. The AoA also plays a role in crafting a cost-effective and balanced evolutionary acquisition strategy.
Sources of Information:

This data should come from the design and manufacturing departments.

Questions:

1. Are initial producibility and manufacturability assessments of preferred systems concepts completed?

2. Are the results of the producibility and manufacturability assessment being considered in the selection of preferred design concepts?

3. Are the results of the producibility and manufacturability assessment being reflected in the Technology Development Strategy key components/technologies?

Additional Considerations: 

• Is there a need to evaluate/re-evaluate materials/processes characteristics for manufacturability and/or producibility issues?  

• Have new manufacturing concepts and potential solutions been identified that could impact manufacturability/producibility?

• Have relevant materials/processes been evaluated for manufacturability using experimental results? 

• Have relevant materials/processes characteristics been identified for all new items? 

• Have new item gaps/risks impacting manufacturability and/or producibility been identified for key technologies, components, and/or key processes?

• Have initial estimates of yields and rates based on experiments or state of the art been completed that could show potential manufacturability and/or producibility issue?

Lessons Learned: 

1. Historically manufacturability and producibility issues are ignored early in acquisition. 

2. Producibility and manufacturability risks of the alternatives need to be presented to the decision makers before down-selecting the preferred alternative design(s) to understand the overall risk of achieving program objectives.
B.1, MRL 5 – Producibility Program
Text:
Producibility and manufacturability assessments of key technologies and components initiated as appropriate.   Ongoing design trades consider manufacturing processes and industrial base capability constraints. Manufacturing processes assessed for capability to test and verify in production, and influence on Operations & Support.

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 cost will be a key element of exiting this phase where we look at the affordability of the options to achieve the User’s requirements.

Goal:

To obtain more fidelity in the producibility and manufacturability risk assessments by using data from building the prototypes to focus on risk drivers. The focus at this stage should be at the component level, addressing specific producibility and manufacturability concerns (e.g., materials, labor, equipment, tooling/Special Test Equipment (STE), setup, yield/scrap/rework, Work In Progress (WIP), and capability/capacity constraints) for each prototype being produced to identify constraints. 

Rationale:
It is essential for the program to address producibility and manufacturability issues when performing design trades to minimize risk and cost impact to the program. 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 manufacturing risk/constraints that this decision presents in achieving your program requirements

Definitions:

1. Manufacturability: The characteristics considered in the design cycle that focus on process capabilities, machine or facility flexibility, and the overall ability to consistently produce at the required level of cost and quality. Associated activities may include some or all of the following: 

· Design for commonality and standardization—uses fewer parts 

· Design for environmental and safety compliance 

· Design for multi-use and dual-use applications 

· Design for modularity and plug compatible interface/integration 

· Design for flexibility/adaptability or use “robust design” 

· Utilize reliable processes and materials 

· Utilize monolithic and determinant assembly 

· Design for manufacturing and assembly 

· Achieve production yield 

2. Producibility: The relative ease of producing an item that meets engineering, quality and affordability requirements. Associated activities may include some of the following: 

· Design for specific process capability and control parameters 

· Perform material characterization analysis 

· Perform variable reduction analysis, e.g., Taguchi and design of experiments 

· Develop critical materials and processes before selecting product design 

· Utilize modeling and simulation for product and process design tradeoffs 

· Design and development of closed-loop process control on critical items

3. Analysis of Alternatives (AoA): An AoA is an analytical comparison of the operational effectiveness, suitability, and life-cycle cost (or total ownership cost, if applicable) of alternatives that satisfy established capability needs. Initially, after the Materiel Development Decision, the AoA is initiated to examine potential materiel solutions with the goal of identifying the most promising option, thereby guiding the Materiel Solution Analysis phase. The AoA also plays a role in crafting a cost-effective and balanced evolutionary acquisition strategy.

Sources of Information:  

This data should come from the design and manufacturing departments.

Questions:

1. Have producibility & manufacturability assessments of key technologies and components been initiated as appropriate?

2. Do ongoing design trades consider manufacturing processes and industrial base capability constraints? 

3. Have the manufacturing processes been assessed for capability to test and verify in production and their influence on Operations and Support (O&S)?

Additional Considerations:

•   Have all relevant materials/processes been evaluated for manufacturability and producibility in a production relevant environment?

•   Can properly trained production personnel ultimately repeat the prototype work performed by engineers?

•   Is the tooling and methods used, if applicable, be applicable ultimately in production?

•   What are the ultimate manufacturing cost implications when in production? 

•   Were manufacturing SMEs at least involved as observers of the prototypes being developed by systems/design engineering?

Lessons Learned: 

1.  Historically manufacturability and producibility issues are ignored early in acquisition. 

2.  Producibility and manufacturability risks of the alternatives need to be presented to the decision makers before down-selecting the preferred alternative design(s) to understand the overall risk of achieving program objectives.

3.  As the programs move from Milestone A into the Technology Development Phase there is a tendency for the manufacturing community to be insufficiently involved as a key team member. If Manufacturability and producibility are continuously evaluated as the product technology design matures redesign costs and schedule delays can be avoided.
B.1, MRL 6 – Producibility Program
Text:

Producibility assessments and producibility trade studies (performance vs. producibility) of key technologies/components completed.  Results used to shape Acquisition Strategy, Systems Engineering Plan (SEP), Manufacturing and Producibility plans, and planning for EMD or technology insertion programs.  Preliminary design choices assessed against manufacturing processes and industrial base capability constraints.  Producibility enhancement efforts (e.g. Design For Mfg., Assembly, etc. (DFX)) initiated.
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 cost will be a key element of exiting this phase where we look at the affordability of the options to achieve the User’s requirements.

Goal:
To assess the producibility achieved in building your prototypes in a production relevant environment and compare them to your targets and assess the manufacturing risk of meeting future requirements. To use this data to ensure that the Acquisition Strategy, Systems Engineering Plan (SEP), Manufacturing and Producibility plans, and planning for EMD address appropriate mitigations/improvements to achieve future requirements. To use this date to make appropriate trades in the preliminary design process.

Rationale:

At this phase of the program it is required to produce your design in a production-relevant environment, and the producibility data results need to be used in your design trade-offs and program planning efforts. This is the opportune time to make design changes without negatively impacting program cost and schedule.  Addressing producibility at this stage of the acquisition cycle will be key to achieving program affordability objectives.
Definitions:

1. Acquisition Strategy: The Acquisition Strategy is a top-level description, in sufficient detail to allow senior leadership and the Milestone Decision Authority (MDA) to assess whether the strategy makes good business sense, effectively implements laws and policies, and reflects management’s priorities. Once approved by the MDA, the Acquisition Strategy provides a basis for more detailed planning.

2. System Engineering Plan (SEP): The purpose of the SEP is to help Government Program Managers develop, communicate, and manage the overall systems engineering (SE) approach that guides all technical activities of the program. The SEP documents key technical risks, processes, resources, metrics, SE products, and completed and scheduled SE activities. The SEP is a living document that should be updated as needed to reflect the program’s evolving SE approach and/or plans and current status.
3. 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 producibility assessments and producibility trade studies (performance vs. producibility) of key technologies/components been completed?

2. Are the results of the producibility assessments and trade studies being used to shape the Acquisition Strategy, Systems Engineering Plan (SEP), Manufacturing and Producibility plans, and Planning for Engineering and Manufacturing Development (EMD) or technology insertion programs?  

3. Are the preliminary design choices assessed against manufacturing processes and industrial base capability constraints? 

4. Are the producibility enhancement efforts [e.g., Design For Mfg., Assembly, etc. (DFX)] initiated?

Additional Considerations: 

• Are the tooling and methods used applicable ultimately in production?

• Have the manufacturing processes been assessed for capability to test and verify in production   and their influence on Operations and Support (O&S)?

• Have all relevant materials/processes been evaluated for manufacturability and producibility in a production relevant environment? 

• Can properly trained production personnel ultimately repeat the prototype work performed by engineers? 

• Were manufacturing SMEs at least involved as observers of the prototypes being developed by systems/design engineering?

• What are the ultimate manufacturing cost implications when in production? 

Lessons Learned:

1.  Historically manufacturability and producibility issues are ignored early in acquisition. 

2.  Producibility and manufacturability risks of the alternatives need to be presented to the decision makers before moving into EMD.

3.  This is the opportune time to make design changes without negatively impacting program cost and schedule.

B.1, MRL 7 – Producibility Program

Text:  

Detailed producibility trade studies using knowledge of key design characteristics and related manufacturing process capability completed.   Producibility enhancement efforts (e.g. DFX) ongoing for optimized integrated system.  Manufacturing processes re-assessed as needed for capability to test and verify potential influence on Operations & Support. 

. 

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 with adequate knowledge, obtained through demonstration, that your manufacturing processes are capable of producing affordable systems (i.e. achieving your production target cost requirements).

Goal:  

Demonstrate process capability in a production representative environment. To obtain more fidelity in assessing producibility of the product by using data from building the EMD units and you knowledge of key design characteristics. Data generated from this assessment should be used to make design choices, make/buy, capacity, process capability, sources, quality, key characteristics, yield/rate, and variability assessments. Use this information to compare what will be required to meet production program and Operation and Support requirements and to identify potential producibility improvements.

Rationale:

At this phase of a program it is required to produce your product in a production representative environment and the data generated needs to continue assess process capability/producibility versus what is required to meet program requirements. It is essential for your program to use real data and performing these assessments we can ensure we have adequately assess the producibility and manufacturing risk of transitioning into production.  At the end of this phase you will transition this design and process capability into LRIP and you should understand the risk associated with process capability/producibility versus what is required, especially for your critical process.   

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. Critical characteristic – per DOD-STD-2101 is one that analysis indicates is likely, if defective, to created or increase a hazard to human safety, or to result in failure of a weapon system or major system to perform a required mission.
3. Key characteristic (KC).  A key characteristic is a feature of a material, part, assembly, or system in which variation from nominal has a significant influence on fit, performance, service life, manufacturability, reliability, or cost of the part.  KCs may be physical features (such as part thickness or hole diameter) or component performance parameters (such as voltage outputs or activation times.)
4. Critical manufacturing process.  A process that creates or substantially affects a key or critical characteristic is defined as a critical manufacturing process.

Sources of Information:  

This data should come from design and manufacturing departments.

Questions:

1. Are the producibility enhancement efforts (e.g. Design For Mfg., Assembly, etc.) ongoing for an optimized integrated system? 

2. Are manufacturing processes re-assessed as needed for capability to test and verify potential influence on Operations & Support? 

Additional Considerations:  

Lessons Learned: 

The key is to continually address the producibility of your hardware by assessing your demonstrated process capability and, as more data becomes available, and compare to what is required to meet your production requirements.

B.1, MRL 8 – Producibility Program
Text:  

Producibility improvements implemented on system. Known producibility issues have been resolved and pose no significant risk for LRIP. 

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, 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 requirements).

Goal:  

Demonstrate the producibility in a pilot line environment. To obtain more fidelity in assessing producibility/process capability by using data from building the EMD units from a pilot line to assess if program objectives are achievable. Use this information to compare that all produci-bility issues have been resolved and that you will be able to meet production program require-ments (e.g. LRIP). Use this data to make producibility improvements on the system.

Rationale:

At this phase of a program it is required to produce your product in a pilot line environment and the data generated needs to continue assess the producibility of the product versus what is required to meet program requirements. It is essential for your program to use real data and performing these assessments we can ensure we have adequately assess the manufacturing risk of transitioning into production (i.e. LRIP and FRP).  At the end of this phase you will transition this design and producibility/process capability into LRIP and you should understand the risk associated with producibility versus what is required, especially for your critical process.  

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 design and manufacturing departments.

Questions: 

1. Have the producibility improvements been implemented on the system? 

2. Have the known producibility issues been resolved and pose no significant risk for Low Rate Initial Production (LRIP)?

Additional Considerations:  

· None
Lessons Learned: 

The key is to continually update your assessment of the producibility of your product and compare the actual performance versus what is required to meet your program requirement as more data becomes available and to use the data to make informed program decisions to reduce risk and cost.

B.1, MRL 9 – Producibility Program
Text:  

Prior producibility improvements analyzed for effectiveness during LRIP.  Producibility issues/risks discovered in LRIP have been mitigated and pose no significant risk 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 use demonstrated results from a LRIP line to verify your producibility improvements have been effective and that the processes are stable, adequately controlled, and capable to meet your program objectives. Use the data to analyze the producibility to identify risk and areas for improvement.

Rationale:

The program needs to constantly assess the producibility by using demonstrated data from a LRIP environment to ensure we have confidence in meeting our program objectives. This early production data will set the foundation for future production cost and performance.  You need to understand where management emphasis needs to be placed to reduce the cost and improve performance to ensure production cost and performance objectives can be achieved. 

Definitions: 

· None

Sources of Information:  

This data should come from design and manufacturing departments.

Questions:

1. Have prior producibility improvements been analyzed for effectiveness during Low Rate Initial Production (LRIP)?

2. Have the producibility issues/risks discovered in Low Rate Initial Production (LRIP) been mitigated and pose no significant risk for Full Rate Production (FRP)?

Additional Considerations:  

· None
Lessons Learned: 

The key is to continually update your assessment of producibility of the product as more data becomes available and to use this data to assess if you can achieve your program objectives. 

B.1, MRL 10 – Producibility Program
Text:  

Design producibility improvements demonstrated in FRP.  Process producibility improvements ongoing.  All modifications, upgrades, Diminishing Mfg. Sources & Material Shortages (DMSMS) and other changes assessed for producibility.  

Background: 

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

Goal:  

Demonstrated producibility is continuing to be used to address all configuration changes to meet FRP objectives and improve cost.

Rationale:

The program should maintain an effective producibility program addressing all configuration changes and ensure our program objectives are being addresses.

Definitions: 

· None
Sources of Information:  

This data should come from cost design and manufacturing departments.

Questions:

1. Have design producibility improvements been demonstrated in Full Rate Production (FRP)? 

2. Are process producibility improvements ongoing? 

3. Are all modifications, upgrades, Diminishing Mfg. Sources & Material Shortages (DMSMS), and other changes assessed for producibility?

Additional Considerations:  

· None
Lessons Learned: 

The key is to continually producibility as configuration changes occur and more data becomes available. Addressing producibility issues/concerns compared to program requirements must continue throughout the FRP phase.
