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8.  Effectively Adapting and Utilizing MRL Criteria 
8.1  Introduction

The development of MRLs has been a joint industry and government activity for over a decade. The participants have been experts in both manufacturing and acquisition from numerous DoD OEMs/suppliers, academia, and government. The assessments of manufacturing readiness utilizing MRL criteria have been used on numerous programs with excellent results in identifying and managing manufacturing risk. 

In reviewing the successful programs, there are some basic attributes that stand out. First and foremost is having trained Subject Matter Experts (SME) involved in the assessment of manufacturing readiness based on the MRL criteria. Their expertise is essential in not only assessing readiness, but also in adapting the MRL criteria to the given situation. Assessments using the basic MRL criteria will support most applications with only minor adaptions. Terms such as “production relevant”, “production representative”, “pilot line”, and “rate tooling” may have different meanings for S&T, ship, or a space program as opposed to programs for ground vehicles, aircraft, or electronics; therefore notional definitions have been defined within this document in order to clarify the intent of specific terminology.
This chapter provides the user with insight in adapting the MRL criteria to specific situations. Some MRL threads or sub-threads have multiple criteria to address; and while not all criterion may be applicable, the thread or sub-thread should not be ignored. Instead, the thread or sub-thread should be consider only those applicable criterion.  While adaptations for assessment can be made for a specific technology or application,  traceability to MRL criteria must be maintained to provide a sound foundation for risk management. 

8.2 MRL Criteria in the S&T Environment

8.2.1 Introduction

Effectively adapting MRL criteria in the S&T environment is one of the most challenging applications in assessing manufacturing readiness. Since the MRL criteria were developed with the assumption of a logical progression from concept to production, some of the criteria (e.g. models, cost projections, specific acquisition requirements, etc.) may need to be adapted. In early S&T, there is very little linkage of the research being performed to a product. The ability to transition technology smoothly and efficiently from concept to the lab, to the factory floor, and to the field is essential for cost effective and reduced cycle times in an acquisition program. 

8.2.2 Basic Research

The earliest effort in the S&T process is Basic Research. The purpose of Basic Research is the systematic study of the fundamental science and phenomenology based upon observable facts without regards to a specific process or product. The application of the MRL criteria in Basic Research is limited to the extension of observations for the potential use or purpose of the scientific discovery.  As the application of this new knowledge into a notional product matures, information becomes available highlighting potential downstream manufacturing risks (e.g. new processes/materials, industrial base, cost, etc.). These identified risks should be considerations in the Applied Research phase. MRL 1 – 3 criteria indicate the desired manufacturing knowledge for Basic Research.
8.2.3 Applied Research

The next phase of the S&T process, Applied Research, is a systematic study to gain knowledge to determine the means by which a recognized and specific user’s need may be met. Applied research translates basic research into solutions for broadly defined user needs. Typically, this level of research includes identification, paper studies and analysis of material, laboratory bench experimentation and process approaches. Applied Research is taking the knowledge of process/science and demonstrating application of the fundamental principles learned in basic research. It is generally performed in a laboratory environment where small samples are developed to allow measurement and observation of process and technique. The resulting item should have materials and processes that can be assessed. Upon completion of Applied Research, application of these processes and techniques is ready for demonstration on a prototype. MRL 4 criteria indicate the desired manufacturing knowledge for Applied Research.
8.2.4 Advanced Technology Development (ATD)
ATD is a systematic application of knowledge or understanding directed toward the development of useful materials, devices, systems or methods, including the design, development, and improvement of prototypes and new manufacturing processes to meet specific requirements. The results of ATD are proof of technological feasibility and assessment of subsystem and component operability and producibility rather than the development of hardware for service use. ATD includes the functions of design engineering, prototyping, and engineering testing. 
This phase of S&T requires a much greater degree of collaboration between the S&T and Acquisition communities than Basic or Applied Research. Therefore, adapting the MRL criteria to ATD should be a joint effort between the S&T and Acquisition communities. Furthermore, the manufacturing maturity targets should be understood, and agreed upon by both parties, with respect to the MRL criteria. The goal is to understand, minimize, and manage the risk associated with manufacturing maturity as the ATD transitions into an acquisition program. MRL 5 – 6 criteria indicate the desired manufacturing knowledge for ATD.
8.2.5 Examples of Adaption.
The MRL criteria contain acquisition language that may not be relevant to S&T, funded only through the S&T monies. For example, in MRL criteria 1 through 6, Thread C. – Cost and Funding, there are references to budget and cost estimates required for MS B and MS C. If an S&T program is only funded through ATD, then these criteria will need to be adapted. 
Some MRL threads or sub-threads have multiple criteria to address. One criterion may not be applicable, but the others may be, therefore the thread or sub-thread should not be ignored. If one of the criterion has reference to an acquisition or a follow-on program, that criterion may not be applicable; however another criterion may be applicable. 
In addition, Sub-thread E.1 – Modeling & Simulation (Product & Process), should be evaluated to determine what level of modeling and simulation is appropriate for the application being assessed. In some cases, extensive modeling and simulation is required (e.g., Integrated Computational Materials Engineering), while in other cases a simple spreadsheet calculation is sufficient.
Finally, MRL 6 criteria require solutions and processes to be demonstrated in a production relevant environment. Prior to conducting a manufacturing assessment, the production relevant environment for the application should be agreed upon by all stakeholders and trained SMEs. The definition of production relevant environment (Section 2.4) should serve as a helpful guide. In some cases a laboratory environment is acceptable as a production relevant environment, if some production line realism is present and can demonstrate manufacturing readiness or identify potential risks to manufacturing processes.  
8.2.6 Summary

Adaptation of MRL criteria to S&T programs is challenging, but there are several key attributes that can help. First and foremost is participation of an SME trained in assessment of manufacturing readiness. It is critical that the stakeholders work together to understand what is needed to meet the MRL criteria in their application. Tying MRL criteria to program objectives, providing analysis of the criteria with respect to program developments, and identifying potential risks that need to be managed moving forward are all areas where trained SMEs can provide assistance. Assessments of manufacturing must stay focused on the manufacturing risks of transitioning a technology from the lab to production and should consider impact on product success. Finally, managing manufacturing risks improves the ability to transition technology smoothly and efficiently and is essential for cost effective and reduced cycle times in an acquisition program. 

8.3  MRL Criteria for Sustainment/Maintenance, Repair & Overhaul (MRO) and Depot Activities
8.3.1 Using MRL Criteria to Enhance Product Support Management

The DoD Product Support Manager (PSM) Guidebook, a Best Practice, stresses proper early planning for Life Cycle Logistics (LCL) which corresponds to early planning for manufacturing activities. The relationship of assessments of manufacturing readiness using MRL criteria to Product Support Decision Points or activities begins in the Pre-Material Solution Analysis phase. The DoD PSM Guidebook stresses the use of Sustainment Maturity Levels (SMLs) to identify decisions/activities for Product Support. SMLs have a direct correlation to MRL criteria as depicted in figure 8.1. 
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Figure 8.1 – Relationship of MRLs to SMLs
Assessments of manufacturing readiness using the MRL criteria can support the SML activities in the progression of a program where sustainment is properly addressed as a normal day-to-day activity. Existing depot-proven manufacturing procedures and processes should be utilized as much as possible, and equipment utilized must meet process capability requirements. 

8.3.2 Using MRL Criteria to Enhance Logistics Assessments

The DoD Logistics Assessment Guidebook states that a thorough Logistics Assessments will assist leaders in making informed decisions at milestones and/or at key program decision points. Many of the criteria in the Guidebook are directly supported by the MRL criteria. Assessing manufacturing using the MRL criteria provides better understanding of the manufacturing capability of suppliers, allowing decisions based on objective data. Minor adaptations to the language for the assessment process using MRL criteria may be required.
8.3.3 Using MRL Criteria to Enhance Depot Activities
Assessing depot manufacturing capability using the MRL criteria provides better understanding of the organic depot and depot supplier capabilities. Often, depot support decisions have to be adjusted based on “fact of life” changes. For example, support of a product was originally contracted to a business; but due to unforeseen circumstances that business is no longer available. The support activities would likely be absorbed by a military depot. If this product requires processes, capabilities, or components that are not within the current depot capability, then these need to be “matured.” Assessments of manufacturing (using MRL criteria) need to be performed to identify and “mature” the necessary manufacturing activities to support the product. 
Figure 8.2 depicts a situation where the depot was directed to stand-up (unplanned) a capability for a product (which is Post-MS C/IOC). If no engineering technical data is available, the assessment of manufacturing readiness would have a target of MRL 5 (which does not support an SML 8). If limited data is available, the assessment of manufacturing readiness would have a target of MRL 6 (not supporting an SML 8). If a majority of data is available, the assessment of manufacturing readiness would have a target of MRL 7. Unless all data and processes are in place to support a product, it will take time, funding, and resources to achieve MRL 8 and support an SML 8. 
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8.3.4 Summary
In summary, assessments of manufacturing readiness using MRL criteria can support sustainment, MRO, and depot activities. A SME trained in assessment of manufacturing readiness and logistics planning is essential for product support management, logistics assessments, and depot activities. It is critical that the stakeholders work together to understand what is needed to meet the MRL criteria in their application. MRL criteria must be linked to program or depot objectives to identify the risks that need to be managed.  Assessments of manufacturing are essential for cost effective and reduced cycle times for sustainment and depot activities. 

8.4  MRLs for Single or Limited System Acquisition 

Manufacturing readiness assessments using the MRL criteria can be adapted for the acquisition of a single system or limited production systems. Assessments for one-of-a-kind or limited production large scale radars, a class of ships, or a single or small family of satellites are accomplished by modifying the relationship of MRLs to decisions points or milestones. Prior to CDR, as these systems proceed through acquisition, assessments of manufacturing readiness using the MRL criteria are performed through Milestone B (or PDR at lower levels) as described in Section 3.  
Based on tailoring allowed by DoDI 5000.02, single or limited system acquisitions may have milestone B and C decisions made concurrently. Whether tailored or traditional, manufacturing maturity at CDR must be sufficient to support a First Build.  First Build approval and First System Build normally occur shortly after successful CDR completion (see Figure 8.3). Although the build occurs during EMD, this is also the first (and possibly only) production system.  As such, the system level manufacturing maturity must meet MRL 8 criteria at the CDR, and the sub-system and component levels maturity must meet MRL 8 or 9 criteria. 

As a waypoint in mid-development between PDR and CDR, an assessment against the MRL 7 criteria may be performed.
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Figure 8.3 – Relationship of MRLs to Decision Points for Single or Limited System Acquisitions

In addition, for space systems, where hardware replacement or repair is not possible and quality and reliability are of paramount importance, the initial units (i.e., EMD units for satellites) are required to meet all mission operational requirements. This dictates complete documentation and traceability of all flight units (the “as-built” documentation), which is key in support of on-orbit anomaly analysis. Quality and reliability must be emphasized when conducting manufacturing readiness assessments of space vehicles.  
Certain criteria and language in the MRL threads and sub-threads may require adhering to a more stringent definition to meet the requirements for single or limited system acquisitions. For example, in the Materials Maturity sub-thread (D.1), MRL 7, “Material Maturity sufficient for pilot line build,” sufficient means fully characterized. For MRL 8, “Materials proven and validated during EMD as adequate to support LRIP,” as LRIP is the initial production EMD system, adequate means fully proven and validated.  The strict adherence to a high-level definition reduces risk for successful product ion of single or limited systems where manufacturing risk control is a primary concern.   
Another example, in the Manufacturing Process Maturity sub-thread (E.2), demonstrating and verifying manufacturing processes can be difficult, as can collection and calculation of process capability when producing a single system. Existing proven and capable manufacturing procedures and processes should be utilized for production process verification as much as possible and equipment utilized must meet capability requirements.

In summary, assessments of manufacturing readiness based on MRL criteria can encompass single or limited system acquisitions with minor adaptions to the assessment process and maturity required at decision points or milestones.

8.5  MRL Criteria for Industry

Industry can leverage and adapt the DoD MRL criteria to their company processes.  The criteria translate easily across both military and commercial applications.
A simple step to adapt the tool begins with embedding business vernacular into the criteria that improve the understanding and acceptance of the assessment process. For example, using company vocabulary instead of the DoD terms (e.g., business or engineering Gates instead of Milestones) as depicted in figure 8.4.
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Figure 8.4 – Gated Product Development
To aid in building the manufacturing maturation plan, a company may create a roadmap to follow into the future, emphasizing value added processes instead of identifying what actions were not completed.  
A company can embed the complete MRL criteria and assessment process into one spreadsheet or management dashboard.   As results are presented and team buy-in increases, improvements are seen by increased productivity. Standardized report out presentation or standardized dashboard formats across the business aids in better upper level management buy-in.  When a business assumes ownership of the MRL criteria, it can be concise and controllable allowing for quick resolution of interpretation problems.  Ownership also allows lessons learned to be added to the MRL criteria. For example, including an Environmental Health and Service thread, insures that EHS issues are addressed early in the maturation process.  
Manufacturing assessments using MRL criteria should be a required element of a company’s new product introduction process. Similar to implementation of ISO 9000, implementation of manufacturing assessments using the MRL criteria to manage risk will improve company operations leading to improved quality, reduced cycle times, reduced costs, and positively impact overall P&L. 
8.6  Summary

Assessments utilizing MRL criteria can be performed wherever there is manufacturing activity. Furthermore, one of the key attributes to effectively and efficiently conducting assessments using MRL criteria is to have trained manufacturing SMEs performing the assessments. Trained expertise is needed in adapting the MRL criteria to each specific situation. Terms such as “production relevant”, “production representative”, “pilot line”, and “rate tooling” may have different meanings for S&T, ship, or a space program as opposed to programs for ground vehicles, aircraft, or electronics. The goal is to determine what these terms mean in each situation and adapt the criteria appropriately.
Whether conducting S&T programs, building one unit or thousands, or providing sustainment, determining the manufacturing maturity is essential. Manufacturing assessments using the MRL criteria are a very effective method to determine the maturity and understand the manufacturing risk at all key program decision points, whether within a company or within the government.  
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