I.1, MRL 4 - Manufacturing Planning & Scheduling
	Text:

Mfg. strategy developed and integrated with acquisition strategy. Prototype schedule risk mitigation efforts incorporated into Technology Development Strategy (TDS).


Background:

The program is in the Material Solution Analysis (MSA) phase and is approaching Milestone A. The purpose of the MSA phase is to assess potential materiel solutions and to satisfy the phase-specific entrance criteria for the next program milestone designated by the Milestone Decision Authority.
Goal: 

To ensure there is a well-documented roadmap to achieve manufacturing maturity.  The Analysis of Alternatives (AoA) shall assess 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. 
Rationale:

DoD case studies and GAO reports have demonstrated that the failure to adequately manage manufacturing risk early in a program’s life cycle is a root cause of cost and schedule growth. There is near universal agreement that examining manufacturing maturity for the first time just prior to production is a mistake; manufacturing readiness must be addressed early in the acquisition process and some phases of Science and Technology (S&T).  Recognition of the need to address manufacturing readiness earlier in acquisition policy was implemented by Department of Defense Instruction 5000.02, Operation of the Defense Acquisition System, dated 8 December 2008.  The policy established maturity criteria for measuring risks associated with manufacturing processes for Milestone A.

Definitions:
1. Analysis of Alternatives (AoA).  The 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. Prototype - 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 are directly tied to your design concept and limitations (e.g., must relate to your design requirements).

Sources of Information:

This data should come from engineering and manufacturing departments.

Questions:

1. Has a manufacturing strategy been developed and integrated with an acquisition strategy?

2. Have prototype schedule risk mitigation efforts been incorporated into the Technology Development Strategy (TDS)?
Additional Considerations:

· None
Lessons Learned:

1. During the MSA Phase, an assessment of manufacturing feasibility should be conducted for each competing materiel solution being examined in the AoA.  
2. The manufacturing risk of each proposed materiel solution should be assessed to determine whether it can achieve program cost, schedule, and performance objectives.  The program should then begin addressing and mitigating any identified risk.

I.1, MRL 5 - Manufacturing Planning & Scheduling

	Text:

Mfg. strategy refined based upon preferred concept.  Prototype schedule risk mitigation efforts initiated.  


Background:

The program is in the Technology Development (TD) Phase.  The purpose of the TD phase is to reduce technology risk, determine and mature the appropriate set of technologies to be integrated into a full system, and to demonstrate CTEs on prototypes.
Goal: 

To ensure there is a well-documented roadmap to achieve manufacturing maturity.  The two main purposes of manufacturing planning in this phase are to identify and assess the manufacturing risk of the alternatives being considered and to begin maturing the manufacturing processes to reduce risk.  One of the key activities in maturing the manufacturing process in the TD phase is to assess the degree to which the systems being considered has been adequately demonstrated in a relevant environment. 
Rationale:

DoD case studies and GAO reports have demonstrated that the failure to adequately manage manufacturing risk early in a program’s life cycle is a root cause of cost and schedule growth. There is near universal agreement that examining manufacturing maturity for the first time just prior to production is a mistake; manufacturing readiness must be addressed early in the acquisition process and some phases of Science and Technology (S&T).  Recognition of the need to address manufacturing readiness earlier in acquisition policy was implemented by Department of Defense Instruction 5000.02, Operation of the Defense Acquisition System, dated 8 December 2008.  The policy established maturity criteria for measuring risks associated with manufacturing processes for Milestones B.

Definitions:

Critical Technology Element (CTE) - A CTE is a new or novel technology that a platform or system depends on to achieve successful development or production or to successfully meet a system operational threshold requirement. Technology Readiness Levels (TRL) are a method of estimating technology maturity of CTE of a program during the Acquisition Process. They are determine during a Technology Readiness Assessment (TRA) that examines program concepts, technology requirements, and demonstrated technology capabilities.
Sources of Information:

This data should come from engineering and manufacturing departments.

Questions:

1. Has the manufacturing strategy been refined based upon the preferred concept?

2. Have prototype schedule risk mitigation efforts been initiated?
Additional Considerations:

· None
Lessons Learned:

1. The MRL process provides what is considered to be a best practice to capture and manage manufacturing risk before proceeding into the next phase.  While it is unlikely that contractors would have a complete factory and supply chain established this early in a program, there is still a need to obtain knowledge of critical manufacturing processes, production scale-up efforts, potential supply chain issues, and manufacturing maturity issues. 
2. It is essential that a good baseline of the manufacturing maturity and risk be established at the beginning of the TD phase in order to employ the correct risk mitigation efforts. If your program had an MSA phase, the results from that would be a good start in addressing the manufacturing risk, but it is recommended in any case that you conduct a manufacturing assessment early in the TD Phase to establish a baseline for manufacturing maturity and determine the manufacturing risk. 
3. A key goal in this phase is to mature the manufacturing process, but probably even more important, it is to identify, assess, and mitigate manufacturing risk before proceeding into EMD.
I.1, MRL 6 - Manufacturing Planning & Scheduling
	Text:

Initial mfg. approach developed.  All system design related mfg events included in Integrated Master Plan/Schedule (IMP/S).  Mfg risk mitigation approach for pilot line or technology insertion programs defined.


Background:

The program is approaching a Milestone B decision.  A program should exit the Technology Demonstration (TD) Phase when “the technology and manufacturing processes for that program or increment have been assessed and demonstrated in a relevant environment” and “manufacturing risks have been identified.” 
Goal: 

To ensure there is a well-documented roadmap to achieve manufacturing maturity.  The two main purposes of manufacturing planning in this phase are to identify and assess the manufacturing risk of the alternatives being considered and to begin maturing the manufacturing processes to reduce risk.  One of the key activities in maturing the manufacturing process in the TD phase is to assess the degree to which the systems being considered has been adequately demonstrated in a relevant environment. 

Rationale:

DoDI 5000.02 requires “The project shall exit the Technology Development Phase when an affordable program or increment of militarily useful capability has been identified; the technology and manufacturing processes for that program or increment have been assessed and demonstrated in a relevant environment; manufacturing risks have been identified; a system or increment can be developed for production within a short timeframe (normally less than 5 years for weapon systems).”   

Definitions:

1. Integrated Master Plan (IMP) - an event-driven plan that documents the significant accomplishments necessary to complete the work and ties each accomplishment to a key program event.
2. Integrated Master Schedule (IMS) - an integrated and networked multi-layered schedule of program tasks required to complete the work effort captured in a related IMP. The IMS should include all IMP events and accomplishments and support each accomplishment closure criteria.
3. 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:

This data should come from engineering and manufacturing departments.

Questions:

1. Has the initial manufacturing approach been developed?

2. Are all system design related manufacturing events included in the Integrated Master Plan/Schedule (IMP/S)?

3. Has the manufacturing risk mitigation approach for the pilot line or technology insertion programs been defined?
Additional Considerations:

· None

Lessons Learned:

1. The MRL process provides what is considered to be a best practice to capture and manage manufacturing risk before proceeding into the next phase.  While it is unlikely that contractors would have a complete factory and supply chain established this early in a program, there is still a need to obtain knowledge of critical manufacturing processes, production scale-up efforts, potential supply chain issues, and manufacturing maturity issues. 
2. It is essential that a good baseline of the manufacturing maturity and risk be established at the beginning of the TD phase in order to employ the correct risk mitigation efforts. If your program had an MSA phase, the results from that would be a good start in addressing the manufacturing risk, but it is recommended in any case that you conduct a manufacturing assessment early in the TD Phase to establish a baseline for manufacturing maturity and determine the manufacturing risk. 
3. A key goal in this phase is to mature the manufacturing process, but probably even more important, it is to identify, assess, and mitigate manufacturing risk before proceeding into EMD.
I.1, MRL 7 - Manufacturing Planning & Scheduling
	Text:

Initial mfg. plan developed. Mfg planning included in IMP/S. Mfg. risks integrated into risk mitigation plans.   Initial work instructions developed.  Effective production control system in place to support pilot line.


Background:

The program is at Critical Design Review (CDR) where the design should be mostly determined and locked down.  Preparations are beginning for the manufacture of qualification test hardware.  

Goal: 

The qualification test hardware should be built on a Pilot Line to validate the manufacturing processes associated with the design.  The initial manufacturing planning to accomplish this should be evident.  
Rationale:

DoDI 5000.02 requires the development of an affordable and executable process, maturity of critical manufacturing processes, and the identification of manufacturing risks.  It also states that “manufacturing processes have been effectively demonstrated in a pilot line environment”.  Proper manufacturing planning and scheduling is necessary to accomplish these requirements.   The need for a Manufacturing Plan is based on the Best Practices approach identified in the Willoughby Templates (DoD 4245.7-M) and the NAVSO P-6071.  These documents explain that the Manufacturing Plan shall be sufficiently comprehensive to ascertain with a high degree of confidence that the contractor has adequately evaluated and planned for production, and should be utilized to monitor the contractual effort to ensure the timely effective execution of the production program.  These documents also stress the importance of managing the manufacturing approach of major subcontractors/suppliers to the success of the overall system.

Definitions:

1. Integrated Master Plan (IMP) - an event-driven plan that documents the significant accomplishments necessary to complete the work and ties each accomplishment to a key program event.
2. Integrated Master Schedule (IMS) - an integrated and networked multi-layered schedule of program tasks required to complete the work effort captured in a related IMP. The IMS should include all IMP events and accomplishments and support each accomplishment closure criteria.
3. 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 engineering and manufacturing departments.
Questions:

1. Has the initial manufacturing plan been developed?

2. Has manufacturing planning required to achieve MRL 8 been included in the Integrated Master Plan/Schedule (IMP/S)?

3. Have manufacturing risks been integrated into risk mitigation plans?

4. Have initial work instructions been developed? 

5. Is an effective production control system in place to support the pilot line?

Additional Considerations (Areas to Address):
· Manufacturing Plan – The Manufacturing Plan documents the approach for fabricating a product in a cost-effective manner.  It is based on the results of detailed planning and analyses conducted to define the optimum approach for product manufacture.  All actions required to produce, test, and deliver acceptable systems on schedule at minimum cost should be documented in the plan.  The Manufacturing plan should address aspects such as process flows, scheduling, tooling, test equipment, plant facilities, material decisions, manpower, manufacturing risk management, producibility, etc.  A draft Manufacturing Plan should be delivered to the Government at the CDR.

· Scheduling – The manufacturing schedule should provide assurance that the necessary resources will be available when needed, that no resources will be overloaded or expended during execution of any manufacturing tasks, and that product delivery dates are indeed achievable.  The planning needed to complete the Pilot Line should be included in the Integrated Master Schedule (IMS).

· Manufacturing Flow – Preliminary assembly and test flows should be developed to show how the product will move through the manufacturing plant from the stock room to the shipping deck.  Activities such as Value Stream Mapping are extremely valuable in developing an efficient flow.  This activity is useful in determining the need for resources and in determining if the manufacturing schedule is achievable.

· Manufacturing Documentation – Adequate manufacturing documentation is necessary to ensure processes, assembly, and test operations are performed correctly.  Manufacturing documentation includes items such as work instructions, test procedures, inspection procedures, kitting procedures, routers, travelers, tooling & test equipment lists, etc.  Preliminary documentation should be completed such that Pilot line build can be effectively accomplished.    

· Manufacturing Risks – Manufacturing risks should have been identified and fed into the overall system risk management process.  Proposed solutions should be verified in the Pilot Line build and system qualification tests.  

Lessons Learned:

1. While a formal Manufacturing Plan is usually required as a contract deliverable item at the end of EMD, be careful not to wait until the end of the EMD phase to address this area.  To be effective, the manufacturing planning must be initiated at the beginning of EMD and proceed concurrently with the product design activities.  The contract deliverable requirements should require a draft Manufacturing Plan to be delivered at the CDR.  
2. Due to the fact that many prime contractors receive major components and assemblies from subcontractors, it is imperative that the requirements for proper manufacturing planning and scheduling be flowed down to subcontractors.  

I.1, MRL 8 - Manufacturing Planning & Scheduling
	Text:

Manufacturing Plan updated for LRIP.  All key manufacturing risks are identified and assessed with approved mitigation plans in place.  Work instructions finalized.  Effective production control system in place to support LRIP.


Background:
The program is approaching a MS C decision and the manufacturing approach should be mature, well defined, and documented.  Key manufacturing risks that could impact LRIP should be identified with mitigation plans in place. 

Goal: 
The intent is to ensure that an adequate manufacturing approach has been developed for duplicating a product configuration in a cost-effective manner, and that any risks to achieving this goal have been identified and addressed.
Rationale:
DoDI 5000.02 requires the development of an affordable and executable process, maturity of critical manufacturing processes, and the identification of manufacturing risks.  The need for a Manufacturing Plan is based on the Best Practices approach identified in the Willoughby Templates (DoD 4245.7-M) and the NAVSO P-6071.  These documents explain that the Manufacturing Plan shall be sufficiently comprehensive to ascertain with a high degree of confidence that the contractor has adequately evaluated and planned for production, and should be utilized to monitor the contractual effort to ensure the timely effective execution of the production program.  These documents also stress the importance of managing the manufacturing approach of major subcontractors/suppliers to the success of the overall system.
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 should be available in the Manufacturing Plan and production floor manufacturing documentation.  Also review the system risk management plans and results. 

Questions:
1. Has the manufacturing plan been updated for Low Rate Initial Production (LRIP)?

2. Have all key manufacturing risks been identified and assessed with approved mitigation plans in place?

3. Have work instructions been finalized? 

4. Is an effective production control system in place to support Low Rate Initial Production (LRIP)?

Areas to Address: 

1. Manufacturing Plan – The Manufacturing Plan documents the approach for fabricating a product in a cost-effective manner.  It is based on the results of detailed planning and analyses conducted to define the optimum approach for product manufacture.  All actions required to produce, test, and deliver acceptable systems on schedule at minimum cost should be documented in the plan.  The Manufacturing plan should address aspects such as process flows, scheduling, tooling, test equipment, plant facilities, material decisions, manpower, manufacturing risk management, producibility, etc.  While many of these aspects may be addressed on an individual basis, the best practice approach is to have an overarching, comprehensive plan that integrates all these aspects into a complete sequence and schedule of events.

2. Scheduling – The manufacturing schedule should provide assurance that the necessary resources will be available when needed, that no resources will be overloaded or expended during execution of any manufacturing tasks, and that product delivery dates are indeed achievable.  Some large programs have a dedicated Master Scheduler responsible for managing all scheduling tasks.  

3. Manufacturing Flow – Detailed assembly and test flows should be developed to show how the product will move through the manufacturing plant from the stock room to the shipping deck.  Activities such as Value Stream Mapping are extremely valuable in developing an efficient flow.  This activity is useful in determining the need for resources and in determining if the manufacturing schedule is achievable.

4. Manufacturing Documentation – Adequate manufacturing documentation is necessary to ensure processes, assembly, and test operations are performed correctly.  Manufacturing documentation includes items such as work instructions, test procedures, inspection procedures, kitting procedures, routers, travelers, tooling & test equipment lists, etc.  All documentation should be complete, accurate, under configuration control, and demonstrated on Pilot Line build.  The documentation should be of sufficient detail that any properly trained production floor operator could perform this function, and such that each item is built the same as previous items.  Documentation should not contain “red-lines”.  Production floor operators should not be performing operations that are not included in the documentation.  Although not necessarily required, visual aids are helpful in some documentation, and electronic documentation at the work station can aid in real-time updates and control.
5. Manufacturing Risks – Numerous GAO reports have been published that describe difficulty in transitioning into production due to manufacturing problems, lack of proper manufacturing development (must develop manufacturing capability along with design), and lack of manufacturing issues presented at key decision points.  Programs must understand the risks that could impact production prior to being in a production delivery environment.  Waiting until LRIP to address manufacturing issues places the program in a position of having to solve issues with a strict monthly delivery requirement, which increases the risk of schedule delays.  Manufacturing risks should be fed into the overall system risk management process.
Additional Considerations:

· Is the overall manufacturing approach adequate for LRIP?

· Have all manufacturing risks been identified with mitigation plan developed?

· Are manufacturing risks incorporated into the overall risk management program?

· Has a manufacturing flow been developed?

· Has a Manufacturing Plan been developed to reflect the LRIP build?

· Have all Government furnished facilities, property, materials, and equipment been identified?

· Have all work instructions, kitting procedures, shop floor travelers, etc. been developed?

· Is this documentation under formal configuration control?

· Has this documentation been demonstrated on Pilot Line build?

· Are work instructions available and/or posted on the factory floor at the point of use?

· How frequently are work instructions reviewed and revised?

· Are tooling designators clearly marked on the tooling to be used and referenced in the work instructions?

· Do work instructions clearly and fully describe the assembly procedure?

· Do work instructions contain visual aids?

· Are all of the work in progress (WIP) and material used in assembly properly labeled so the status of each part and material can be readily ascertained?  (Status would include which operations have been performed on the WIP and expiration data for shelf-life limited material.)
· Is WIP properly protected against damage during the manufacturing process?  

· Is production material properly maintained against adverse effects of extreme heat or cold, moisture, ultraviolet light, unacceptable particulate matter (dust, dirt, grime, as applicable), or any other condition which would compromise the material?

Lessons Learned:

1. While a formal Manufacturing Plan is usually required as a contract deliverable item at the end of EMD, be careful not to wait until the end of the EMD phase to address this area.  To be effective, the manufacturing planning must be initiated at the beginning of EMD and proceed concurrently with the product design activities.  The contract deliverable requirements should require a draft Manufacturing Plan to be delivered at the CDR.  
2. Due to the fact that many prime contractors receive major components and assemblies from subcontractors, it is imperative that the requirements for proper manufacturing planning and scheduling be flowed down to subcontractors.  
I.1, MRL 9 - Manufacturing Planning & Scheduling
	Text:

Mfg. plan updated for FRP.  All manufacturing risks tracked and mitigated.  Effective production control system in place to support FRP.


Background:

The program is approaching a Full Rate Production decision and the manufacturing approach should be very mature, well defined, and documented.  Production representative articles have been successfully demonstrated in LRIP. 
Goal: 

The intent is to ensure that an adequate manufacturing approach has been demonstrated in a low rate production environment, and that adequate planning is available for cost-effective production at high rates.  
Rationale:

DoDI 5000.02 requires “demonstrated control of the manufacturing process and acceptable reliability, the collection of statistical process control data, and the demonstrated control and capability of other critical processes”.  
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:

The majority of the information should be available in the Manufacturing Plan and production floor manufacturing documentation.  Also review the system risk management plans and results. 

Questions:

1. Has the manufacturing plan been updated for Full Rate Production (FRP)?

2. Have all manufacturing risks been tracked and mitigated?

3. Is an effective production control system in place to support Full Rate Production (FRP)?

Additional Considerations (Areas to Address): 

1. Manufacturing Plan – The Manufacturing Plan should be updated to address any changes needed in FRP.  The plan should address the additional resources such as tooling, test equipment, and facilities to increase the production rate.  Ideally, these should be duplicates of that used in the LRIP program.  The Manufacturing Plan documents the approach for fabricating a product in a cost-effective manner.  It is based on the results of detailed planning and analyses conducted to define the optimum approach for product manufacture.  All actions required to produce, test, and deliver acceptable systems on schedule at minimum cost should be documented in the plan.  The Manufacturing plan should address aspects such as process flows, scheduling, tooling, test equipment, plant facilities, material decisions, manpower, manufacturing risk management, producibility, etc.  While many of these aspects may be addressed on an individual basis, the best practice approach is to have an overarching, comprehensive plan that integrates all these aspects into a complete sequence and schedule of events.

2. Scheduling – The manufacturing schedule should provide assurance that the necessary resources will be available when needed, that no resources will be overloaded or expended during execution of any manufacturing tasks, and that product delivery dates are indeed achievable.  Some large programs have a dedicated Master Scheduler responsible for managing all scheduling tasks.  Scheduling should address all the necessary activities that must take place to increase to higher production rates.

3. Manufacturing Flow – Detailed assembly and test flows should be developed to show how the product will move through the manufacturing plant from the stock room to the shipping deck.  Activities such as Value Stream Mapping are extremely valuable in developing an efficient flow.  This activity is useful in determining the need for resources and in determining if the manufacturing schedule is achievable.

4. Manufacturing Documentation – Adequate manufacturing documentation is necessary to ensure processes, assembly, and test operations are performed correctly.  Manufacturing documentation includes items such as work instructions, test procedures, inspection procedures, kitting procedures, routers, travelers, tooling & test equipment lists, etc.  All documentation should be complete, accurate, under configuration control, and demonstrated on LRIP build.  The documentation should be of sufficient detail that any properly trained production floor operator could perform this function, and such that each item is built the same as previous items.  Documentation should not contain “red-lines”.  Production floor operators should not be performing operations that are not included in the documentation.  Although not necessarily required, visual aids are helpful in some documentation, and electronic documentation at the work station can aid in real-time updates and control.

5. Manufacturing Risks – Manufacturing risks associated with increasing from LRIP to FRP delivery rates should be identified, and mitigation plans should be in place.  

Lessons Learned:

1. Increasing the production rate capability to FRP requirements effects many aspects of the manufacturing operations.  Proactive planning is critical to ensure that efficient and economical production at these higher rates can be achieved.  
2. It is also critical to fully understand the characteristics of the manufacturing processes so that proper controls can be implemented, and any risks associated with increasing the production rate can be identified and mitigated.  
3. This proactive planning must also be flowed down to suppliers.  
I.1, MRL 10 - Manufacturing Planning & Scheduling
	Text:

All manufacturing risks mitigated.


Background:

The program has been in a high rate production environment for a considerable time, and has effectively demonstrated a cost-effective manufacturing capability. 

Goal: 

The intent is to ensure that all manufacturing planning and scheduling activities have been demonstrated in a high rate production environment, and are sufficient for continued cost-effective production at high rates.  

Rationale:

DoDI 5000.02 requires “demonstrated control of the manufacturing process and acceptable reliability, the collection of statistical process control data, and the demonstrated control and capability of other critical processes.”  
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 should be available in the Manufacturing Plan and production floor manufacturing documentation.  Also review the system risk management plans and results. 

Questions:

1. Have all manufacturing risks been mitigated?
Additional Considerations:

· Has manufacturing planning been made for surge and/or other contingency production?
Lessons Learned:

At this point in the program, high rate, cost-effective production has been demonstrated for a considerable time.  All manufacturing planning and scheduling activities are successful and have been validated repeatedly in FRP.  The program is meeting all performance, cost, and scheduling requirements.  The manufacturing processes are completely understood, documented, and controlled to a high level of confidence.  All manufacturing risks have been mitigated.  
