Manufacturing Readiness Assessments

Frequently Asked Questions
Q:  The MRL threads don’t all seem to apply to my program or to some of our suppliers.  Can we tailor them?
A:  Yes!  The MRL matrix is not “set in stone.”  Each program has the authority to tailor or delete the criteria if it does not apply.  Ideally, the matrix should be reviewed prior to conducting the MRA and the government, prime contractor, and affected suppliers should agree on the criteria.  However, if during the MRA the team discovers that some criteria are not applicable, then they may even be tailored or removed after the fact.  However, keep in mind the matrix was developed by a group of both government and industry experts, so it should be treated accordingly.  Also, please note that the top level MRL definitions may be a part of the formal policy.  If so, they would not be tailorable.
Q:  My program is in the early stages of design.  How can we possibly assess manufacturing readiness given that it’s so early in the program?
A:  The MRL definitions and the criteria in the MRL matrix take into account the lower expectations for manufacturing maturity early in the program.  For example, many of the criteria prior to Milestone B only require plans to have been developed, as opposed to actual manufacturing experience.
Q:  Am I getting graded?
A:  While the result of an MRA is a numerical score, it should not be considered as a grade or a pass/fail evaluation.  The purpose is to identify manufacturing risks based on the progress achieved to-date as compared to where the program needs to be.  An MRA is successful if it has accurately identified the current readiness level and any shortfalls that need to be corrected. The objective of an MRA is program success through manufacturing risk reduction.
Q:  When and how often do I conduct MRAs?

A:  Two MRAs per phase is probably ideal.  The first should be accomplished as early as possible so that manufacturing risks can be identified, maturity plans developed, and sufficient time is available to implement the plans.  The other MRA should be conducted approximately 90 days prior to the Milestone Decision so the results can be incorporated into the decision briefing.  If MRLs are being properly utilized during program execution, the contractor should be continually assessing themselves.  The formal MRAs are to validate the contractor’s assessment of readiness.
Q:  At the supplier level, how do I choose where to do the MRAs?  I’ve heard conflicting approaches:  Conduct MRAs on Critical Technology Elements or on critical suppliers.  Which one is it?

A:  It can be either or some of both.  It will depend upon the program.  MRAs should be accomplished where there is potential risk to the program driven by manufacturing immaturity.  The CTEs are, by definition, critical to the success of the system and therefore should be considered to be prime candidates for MRAs.  But certain suppliers may also be critical, even if they do not have CTEs.  Test and assembly operations are usually ripe for manufacturing risk reduction, but would not be identified as CTEs.
Q:  When Manufacturing Readiness Assessments come along, how will they relate to PRRs?  Do we do both?  Do we stop doing PRRs?

A:  Each program will probably do it a little differently.  You can look at the PRR as being the big umbrella, under which numerous MRAs of detailed processes, suppliers, and/or components will be conducted.  You would still do a final, culminating PRR which would tie together all of the MRA findings.  In addition, the PRR may include areas of evaluation that are not part of an MRA, such as Logistics Support readiness.

The bottom line is that you must determine the MRLs on your program and MRAs will be required to make that possible.  You still have a great deal of flexibility to implement MRAs into the PRR process, but you must assess your programs MRL. 
Q: What areas should you perform an MRA on for your program?

A:  The areas requiring a MRA will vary from program to program but the following are area that you should consider.  For all manufacturing processes that produce the CTE, on all major/critical suppliers, high risk process (e.g. new, modified, essential for performance, etc), high cost products, final assembly and test area, sole source suppliers, inadequate industrial base, high schedule risk areas.

Q: Why Milestone A?

A: One of the essential elements of the Conceptual Phase, is the identification of promising critical technologies in laboratories and research centers, academia, and foreign and domestic commercial sources.   Once it is decided that a material solution is required the next step depends upon an approved ICD and the performance of Analysis of Alternatives (AoA). The AoA assess the critical technologies associated with these various concepts, including technology maturity, technical risk, and, if necessary, technology maturation and demonstration. Further this assessment leads to the manufacturing capability needed to provide this technology solution as a viable option.  Manufacturing Readiness Level (MRL) 4, recommended at Milestone A, provides a top level assessment to ensure key manufacturing elements have been evaluated for each of the potential technology solutions being considered.  

The MRL focus is to ensure manufacturing risks are understood for each technology under consideration.   The basic manufacturing risk areas include the adequacy of the industrial base to produce the technology and that there are manufacturing technologies available that will support program requirements.  There are two basic reasons you want to adequately assess the manufacturing maturity at this time. The first reason is in evaluating Analysis of Alternatives (AoA), where cost is a major consideration in the evaluation decision process.  Manufacturing maturity is a key element in this early phase in determining the cost impacts of various technology options.  For example if one option requires no new manufacturing processes and there is a strong industrial base available to support this option then you would have a relative high confidence you can effectively use parametrics to get a good estimate of future production costs. However, if that isn’t the case you might need to add a 20% or greater uncertainty factor to handle unknowns. Without some type of manufacturing maturity assessment the initial cost estimates may be incomplete or inadequate and increase the risk when selecting various technology options.  

You also need to perform a manufacturing maturity assessment to identify if there are any new manufacturing technologies/processes that will need to be developed to support the technologies being selected.  In the example above there might be no available source to produce the proposed technical approach.  By knowing this early you have the option to develop this capability or look at other risk reduction options. Another example would be where manufacturing capability is being pushed beyond the current state of the art in dimension, tolerance, specifications, sizes,  inspection methods, etc that have never been demonstrated.  

This was the case on the B-2 bomber in composite manufacturing where significant manufacturing development was required.  If so you must plan to develop these capabilities in Technology Development (TD) phase or wait until the next phase, which would significantly impact cost, schedule and performance.  Identifying all new required manufacturing technologies and ensuring adequate funding and budget to make this happen is absolutely essential to ensure effective transition into the next phase.  An MRL 4 basically addresses both of these issues of industrial base and manufacturing technology.   To proceed into TD without an MRL 4 should be an exception and every program should strive to achieve this requirement.    

Q: Why Milestone B?

A: The purpose of this Milestone decision is to ensure that during the TD phase the program has reduced technology risk to acceptable risk levels and to determine the appropriate set of technologies to be integrated into a full system. Technology Development is a continuous technology discovery and development process reflecting close collaboration between the S&T community, the user, and the system developer. It is an iterative process designed to assess the viability of technologies while simultaneously refining user requirements. 

The project exits Technology Development when an affordable increment of militarily-useful capability has been identified, the technology for that increment has been demonstrated in a relevant environment (i.e. TRL 6), and a system can be developed for production within a short timeframe (normally less than five years). The CDD is developed in the TD phase and builds on the ICD and provides the detailed operational performance parameters necessary to develop the detailed design of the proposed system in the SDD phase.  Since the goal is to reduce the System Design and Development (SDD) Cycle and to achieve high confidence in cost, schedule and performance objectives it is imperative that at Milestone B you have also adequately demonstrated the manufacturing processes required to support the SDD program.  

As with demonstrating the Technology in a relevant environment you should also demonstrate manufacturing readiness in a production relevant environment.  A production relevant environment is one where you obtain adequate confidence you can produce the development products in the SDD phase within cost and schedule constraints (e.g. lead times, process yields, personnel, hours, supplier management, etc) targeted for SDD and that you can control the processes in a repeatable manner to achieve the required key performance parameters on the program, in other words you can build something that can work. A production relevant environment basically means something was build outside the lab and used some of the basic manufacturing infrastructure that would be expected on the production floor but the environment is not robust enough to be considered production.  

The detailed design will be developed in the SDD phase but the technologies and manufacturing process development needs to be matured at a level that allows you to know approximately what it will cost to manufacture (e.g. specifically the high cost drivers), how long it will take to manufacture (e.g. need to know some top level information on lead times and supplier readiness), that  you can produce a product outside the lab that can meet your performance levels (e.g. not handmade where it takes 100 units to get 1) and finally that you can verify the manufactured product meets the design specification (e.g. complex composite configurations inspected to validate no voids exist might require additional development).  The specifics to gain this confidence will vary from program to program, but should be considered in the Acquisition Strategy at the beginning of the TD phase, and for programs going into SDD without a TD phase the proposals provided should require the supplier to give you their assessment on the manufacturing maturity and planning to achieve a defined MRL by the end of the next phase.  

In both cases it is essential to know the manufacturing maturity, the risks associated with problem areas, and the risk mitigation plans to minimize the problem areas identified.  For low to medium risk items a need to demonstrate production capability is not essential, but for new technology items or an inadequate Industrial base to produce the item to proceed into the SDD phase without adequately demonstrating/resolving these issues would be accepting undefined risk and in all likelihood would result in increased cost and schedule targets.  Program after program continues to exceed their SDD cost and schedule constraints and one of the key reasons for this is programs do not adequately assess the manufacturing maturity before proceeding into SDD.  We have seen and the GAO has documented example after example where a program has gone through extraordinary efforts to develop a technology at the TRL 6 level to later find out the manufacturing maturity was so poor that it took twice as long and could not provide anything close to the cost and performance required in the CDD.  Historically we have started the SDD phase and have committed Billions of dollars before obtaining an adequate understanding of manufacturing maturity.   Knowing that a technology can be manufactured before selecting it as a critical part of our new systems will give us a better knowledge base for decision making.  Not knowing will only lead us down the path to continued cost, schedule overruns and performance shortfalls.

Q: Why Milestone C?

A: The purpose of the SDD phase is to develop a system or an increment of capability and reduce integration and manufacturing risk. Entrance into this phase should depend upon technology maturity (including manufacturing maturity), approved requirements, and adequate funding to achieve a successful SDD program. Prior to beginning SDD, users shall identify and the requirements authority shall approve a minimum set of key performance parameters (KPPs), included in the CDD, that shall guide the efforts of this phase. These KPPs may be refined, with the approval of the requirements authority, as conditions warrant. Each set of KPPs shall apply to the current capability in development and demonstration.  

SDD has two major efforts: System Integration and System Demonstration. Therefore from a manufacturing perspective we must understand two key areas coming out of SDD.  First, the design stability and the second, the adequacy of the manufacturing infrastructure to produce the design being proposed.  For design stability we will need to review design release, progress in qualification testing, and design change traffic (e.g. the number of changes and the magnitude of these changes).  During the SDD phase hardware should complete detail design and qualification.  Proceeding into the next phase without a proven design will result in significant concurrency (development and production occurring concurrent) and historically has presented a high potential for significant rework.   

The next key elements to address are the manufacturing infrastructure readiness to enter the next phase.  This requires that the manufacturing operation has incorporated all of the key elements (equipment, personnel skill levels, materials, components, work instructions, tooling, etc.) required in producing production configuration items.  You should have demonstrated the tooling and test equipment planned for Production Phase.  The factory has been laid out to produce the production articles and there has been a complete analysis performed to ensure adequate capacity exits.  The human capital required for building, assembling, and testing the production product has been demonstrated and plans are in place to provide you high confidence resources can be obtain at the higher rates. The process capabilities have been demonstrated capable of producing the production article within cost and schedule and that performance requirements can be consistently achieved.  These infrastructure issues will be assessed at both primes and key suppliers, and the whole industrial base will have been addressed. If the two key areas from a manufacturing maturity have high ratings (i.e. Design Stability and Proven Manufacturing infrastructure) then when you enter the next phase of production there with be a high probability of achieving the cost, schedule and performance specified in the program’s POM and CDD.   

Q: Why are MRA/MRL rational important to support Milestone Decisions?

A:  Knowledge-based acquisition is a management approach which requires adequate knowledge at critical junctures (i.e., knowledge points) throughout the acquisition process to make informed decisions. These informed decisions require programs to have sufficient knowledge to reduce the risk associated with program initiation. Knowledge should indicate a match between the needed/required capability and available resources before a program starts. The MRA/MRL process is a critical step to ensure the program has both the required manufacturing capability and resources needed to achieve program success.  

Industries, especially successful commercial companies, have implemented decision points where critical capabilities are demonstrated before programs proceed in expending funds to enter the next level.  At each of these decision points the ability to manufacture the product at a targeted cost, schedule and performance level is a critical consideration. 

If DoD is going to address the systemic problems evidenced in today’s acquisition programs, it will require major changes to our existing process.  The proposed MRA/MRLs process provides essential knowledge elements at each major Milestone to better understand manufacturing and production risk.   This new process along with other key tools is essential in the knowledge-based acquisition approach necessary to improve our acquisition performance for major weapon systems.  
