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® RDECOMI What is a Manufacturing

Process?

*The total set of activities and interfaces
necessary to convert the product definition
Into an affordable product.

-MIL-HDBK-500
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¥ roeconvy)) What is Manufacturing

Readiness?

*Manufacturing Readiness is the abllity to
harness the manufacturing, production,
guality assurance, and industrial functions to
achieve an operational capability that
satisfies mission needs - in the quantity and
guality needed by the warfighter

-Draft MRL Guide 1-6
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® RDECOM

Relevant “-ilities”

Manufacturability - The characteristics
considered in the design cycle that focus on
process capabilities, machine or facility
flexibility, and the overall abllity to
consistently produce at the required level of
cost and quality.

*Producibility - The relative ease of
producing an item that meets engineering,
qguality and affordabllity requirements.

-DoD MRL Deskbook 2-7
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Y RDECOMI DoD Manufacturing Readiness

Assessment (MRA

Formal Risk Assessment with defined Focus
Areas and DoD standard Criteria applicable
throughout the DoD Acquisition Life Cycle.

* Begins before and during the Development Phase
of Systems, continues through the Production
Phase and continues after a System has been
fielded into the Sustainment Phase.

* Assesses the abillity to transition manufacturing
technology smoothly and efficiently from the
Materiel Developers (RDEC’s) onto the factory
floor and into the field.
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® RDECONVI Overview of Requirements

for MRAs & MRLs

* Public Law 111-383; 124 Stat. 4264; 10 U.S.C. 2430:

— “Require the use of manufacturing readiness levels or other
manufacturing readiness standards as a basis for measuring,
assessing, reporting, and communicating manufacturing readiness
and risk on major defense acquisition programs throughout the DoD”

* DoD Instruction 5000.02 (7 Jan 2015):

— “Program Manager will ensure manufacturing and producibility risks
are identified and managed throughout the program'’s life cycle”

* DAG

— States that the MRL Assessment process described in the DoD MRL
Deskbook is the “Best Practice” that should be used to accomplish
Identification and management of manufacturing risks

 MRLs are used for all Army MANTECH projects
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N i’z‘ﬁ‘i"’s"co US Army MANTECH

Manufacturing Technolog

* Supports reduction in production risks and manufacturing
costs throughout the weapons system life cycle.

* The Program process is structured to fund projects that
are deemed high priority for the Army.

* The Program supports process prototyping and pilot
demonstration to develop or modify manufacturing
technologies for the Army’s use. It does not acquire off-
the-shelf capital equipment unless it is a minor portion of
the investment and is required to establish the first-case
application integral to the ManTech project.

* Program Manager (PM) or organization responsible for
transition and implementation must demonstrate a robust
Acquisition Strategy that includes a realistic plan to
gansition and implement the technology in the industrial

ase.

-http://www.armymantech.com/investment.php
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Y RDECOM Army Funding for Technology

Development (RDTE.A
(

» 6.1 (Basic Research) Basic research is systematic study directed toward
greater knowledge or understanding of the fundamental aspects of phenomena
and of observable facts without specific applications towards processes or
products in mind (e.g., SBIR, ILIR).

* 6.2 (Applied Research) Applied research is systematic study to understand

the means to meet a recognized and specific need. It is a systematic expansion
S and application of knowledge to develop useful materials, devices, and systems
&< or methods.

T 6.3 (Advanced Technology Development) Development of subsystems and
components and efforts to integrate subsystems and components into system
prototypes for field experiments and/or tests in a simulated environment. ATD
includes concept and technology demonstrations of components and
subsystems or system models. The results of this type of effort are proof of
technological feasibility and assessment of subsystem and component
operability and producibility rather than the development of hardware for
\ service use.

* 6.7 (Operational System Development) Development efforts to upgrade
systems that have been fielded or have received approval for full rate
production and anticipate production funding in the current or subsequent fiscal
year (e.g., MANTECH) .
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® RDECOMI DoD Acquisition Life Cycle

Model

Capability Development Full-Rate Initial Full
Development Request for Production Operational Operational
Document (CDD)  proposals (RFP) (FRP)  Capability  Capability
Validation Release Decision Decision (IOC) (FOC)
Materiel
Development
Decision

O AGA A0l |

Low-Rate Initial
Production
(LRIP) __
OT&E . Sustainment Dispo:
Materiel Technology Engineering & Production & Operations & Support
Solution Maturation & Manufacturing Deployment
Analysis Risk Development

Reduction

Legend: A= Milestone Decision O = Decision Point

Source: DoD Instruction 5000.02 — Operation of the Defense Acquisition System
(7 Jan 2015)
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Y RDECOMI MRL Implementation Guide

Basic Research (6.1

“In this early stage, MRLs should only be used to
obtain knowledge that would be useful to leadership
to make informed decisions on which future
manufacturing risk areas or technologies they may
wish to address when proceeding into the Applied
Research phase, or to define manufacturing areas
where more basic research needs to be done.”

-Draft DoD MRL Implementation Guide
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Y RDECOM MRL Implementation Guide

Applied Research (6.2

Use MRLs (1-4) to assess the manufacturing

feasibility of the Basic Research results and
orovide leadership with knowledge of
potential manufacturing shortfalls that should
ne addressed in the future development.

* Assess the application of the manufacturing
capabillities, capacities, or materials needed
to meet specific needs.
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Y RDECOM MRL Implementation Guide

Adv. Tech. Dev. (6.3

*Begin addressing manufacturing maturity of
Prototypes being transitioned to acquisition.

*Determine the manufacturing risks before
transitioning from ATD into EMD.

* Ensure that cost goals reflect manufacturing
cost considerations and capabillities.

* Provide the PM with an understanding of the
manufacturing maturity so they have a full
understanding of the risk they assume by
proceeding to the next phase

DISTA . UNCLASSIFIED WARFIGHTER FOCUSED. 13



UNCLASSIFIED
US. ARMY

Y RDECOM )) MRLs vs. TRLs

* What is the difference between MRLs and TRLs?

— TRLs are a metric used to assess the maturity of, and the risk associated
with, evolving technologies.

— MRLs are a metric used to assess manufacturing readiness and
producibility. MRLs provide decision makers (at all levels) with a common
understanding of the relative maturity, identification and mitigation of

manufacturing risks associated with manufacturing technologies, products,
and processes.

« TRLs & MRLs are complementary, but their “scores” may not be
directly linked

— A Critical Technology Element (CTE) might be very mature yet the

manufacturing processes required to produce it may be immature. (or vice
versa)

« TRLs by themselves leave major transition questions unanswered.:

— |Is the technology producible?  What will these cost in production?
— Can these be made in a production environment?
— Are key materials and components available?

DIST. A
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UNCLASSIFIED

Technology and Manufacturing
Readiness

A

10C FOC
Materiel Technology Engineering and Productionand |Operations and
Solution Development Manu;‘acturlng Deployment Support
: V men
Analysis Development
Materiel FRP
Post-CDR ]
Development Decision
Decisicﬁ <> Assessment <> Review
TRLs 1-3 TRL 4 TRL5 TRL 6 TRL7 TRL 8 TRL 9 Technology
Analytical/ Component Component System/ System Actual Actual Readiness
Experimental And/or And/or Subsystem Prototype System System Levels
Critical Breadboard Breadboard Model or Demonstrated Completed “Mission Lo
Function/ Validation Validation Prototype In an Qualified Proven” Defense ACC]UISItIOﬂ
Characteristic Ina Ina Demonstrated Operational Through Through Guidebook
Proof of Laboratory Relevant In a Relevant Environment Test and Successful
Concept Environment |Environment| Environment Demonstration Operations Parag raph 10.5.2
MRLs 1-3 MRL 4 MRL 5 MRL 6 MRL 7 MRL 8 MRL 9 MRL 10 Manufacturing
Manufacturing | Capability to | Capability to| Capability to Capability to Produce Pilot Line Low Rate Full Rate Readiness
Feasibility produce Produce Produce Systems, Subsystems Capability Production Production
Assessed. Technology In Prototype System/ Or Components in a [Demonstrated| Demonstrated.| Demonstrated. Levels
Concepts Lab Components| Subsystem Production Ready for Capability In | Lean Production
identified/ Environment |In Production| Prototypes in Representative LRIP Place for FRP |Practices In Place
developed Relevant Production Environment Draft MRA Deskbook
Environment| Relevant Oct 2012
Environment

Section 2366b of Title 10, United States Code, requires certification that: the technology in a
MDAP has been demonstrated in a relevant environment to enter Milestone B. (TRL 6)
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Y RDECOM )) MRL Definitions

MRL 1: Basic Manufacturing Implications Identified

MRL 2: Manufacturing Concepts ldentified

MRL 3: Manufacturing Proof of Concept Developed

MRL 4. Capability to produce the technology in a laboratory environment

MRL 5: Capability to produce prototype components in a production
relevant environment

MRL 6: Capability to produce a prototype system or subsystem in a
production relevant environment

« MRL 7: Capability to produce systems, subsystems, or components in a
production representative environment

 MRL 8: Pilot line capability demonstrated; Ready to begin Low Rate Initial
Production

« MRL 9: Low rate production demonstrated; Capability in place to begin Full
Rate Production

« MRL 10: Full Rate Production demonstrated and lean production practices in
place

-DoD MRL Deskbook 2-2
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® RDECONMI Production Relevant

DIST. A

Environment (MRL 5 & 6

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 manufacturer(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. Furthermore, there must be an
Indication of how the manufacturer(s) intend to achieve
the requirements in a production representative and
pilot environments.

-DoD MRL Deskbook 2-6
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® RDECOMI Production Representative

Environment (MRL 7

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
guality, 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.

-DoD MRL Deskbook 2-6
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YRDECOM ) pijot Line Environment (MRL 8)

An environment that incorporates all of the key
production realism elements (equipment, personnel
skill levels, faclilities, materials, components, work
Instructions, processes, tooling, 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.

A Pilot Line normally represents the production
line on which LRIP quantities will be manufactured

-DoD MRL Deskbook 2-6
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YRDECOV )) MRA’s and MRLs

 Manufacturing Readiness Assessment (MRA):

— The generic name for an event or process to identify and
manage manufacturing risk.

 Manufacturing Readiness Level:

— A MRA tool used to identify, quantify, and manage the
manufacturing maturity and risk of a product or process.

— Has objective criteria for all 10 levels across 9 major
categories (Threads) and 22 minor categories (Sub-
threads)

« 418 Total Questions across 22 Sub-Threads

— MRL criteria adds "objectivity" to an otherwise
subjective MRA

« Provides a universal basis of understanding for what each score
means
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Y RDECOMI Nine MRL Evaluation Criteria

“9 Threads”

A. Technology and Industrial Base
B. Design

C. Cost and Funding

D. Materials

E. Process Capability and Control
F. Quality Management

G. Manufacturing Personnel

H. Facilities

|. Manufacturing Management

-DoD MRL Deskbook 2-8
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@RDEG@ “Thread” & “Sub-Threads” (1)

A. Technology and Industrial Base

—Analyzes the capabillity of the National
Technology and Industrial Base to support the
design, development, production, operation,
uninterrupted maintenance support of the

system and eventual disposal (environmental
Impacts)

—A.1: Industrial Base (19 Questions through
MRL10)

—A.2: Manufacturing Technology
Development (12 Questions)
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@RDEG@ “Thread” & “Sub-Threads” (2)

B. Design

—Analyzes the maturity and stability of the
evolving system design and any related impact
on manufacturing readiness

—B.1: Producibility (21 Questions)
—B.2: Design Maturity (35 Questions)
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@RDEC@ “Thread” & “Sub-Threads” (3)

C. Cost and Funding

—Analyzes the adequacy of funding to achieve
target manufacturing maturity levels. Examines
the risk associated with reaching manufacturing
cost targets

—C.1: Production Cost Knowledge/Cost
Modeling (14 Questions)

—C.2: Cost Analysis (25 Questions)

—C.3: Manufacturing Investment Budget (20
Questions)
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w””ﬂ:@ “Thread” & “Sub-Threads” (4)

D. Materials

—Analyzes the risks associated with materials
(including basic/raw materials, components,
semi-finished parts, and subassemblies)

—D.1: Maturity (16 Questions)
—D.2: Availability (21 Questions)

—D.3: Supply Chain Management (18
Questions)

—D.4:. Special Handling (22 Questions)
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@RDEC@ “Thread” & “Sub-Threads” (5)

E. Process Capability and Control

—Analyzes the risks that the manufacturing
processes are able to reflect the design intent
(repeatablility and affordabillity) of key
characteristics

—E.1. Modeling & Simulation (16 Questions)

—E.2: Manufacturing Process Maturity (17
Questions)

—E.3: Process Yields & Rates (18 Questions)
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@RDEC@ “Thread” & “Sub-Threads” (6)

F. Quality Management

—Analyzes the risks and management efforts to
control quality and foster continuous
Improvement at prime and suppliers

—F.1: Quality Management including Supplier
Quality (16 Questions)

—F.2: Product Quality (17 Questions)

—F.3: Supplier Quality Management (17
Questions)
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@RDEG@ “Thread” & “Sub-Threads” (7)

G. Manufacturing Personnel

—Assesses the required skills, availability, and
required number of personnel to support the
manufacturing effort

—G.1: Manufacturing Personnel (22 Questions)
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@RDEC@ “Thread” & “Sub-Threads” (8)

H. Facilities

—Analyzes the capabilities and capacity of key
manufacturing facilities (prime, subcontractor,
supplier, vendor, and maintenance/repair)

—H.1: Tooling/Special Test and Inspection
Equipment (STE/SIE) (15 Questions)

—H.2: Facilities (16 Questions)
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@RDEC@ “Thread” & “Sub-Threads” (9)

. Manufacturing Management

—Analyzes the orchestration of all elements
needed to translate the design into an integrated
and fielded system (meeting program goals for
affordability and availabllity)

—1.1: Manufacturing Planning & Scheduling
(20 Questions)

—1.2: Materials Planning (15 Questions)
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YRDECOM ) ARDEC MRA Implementation (&)

* Apply DoD MRL Deskbook and provide a
common language to assess:

—the performance maturity of a MANTECH
project and plans for its future maturation

—the level of performance risk in trying to
transition the ManTech project into an armament
system application

*|dentify Contract Data Requirements for
future ARDEC ManTech projects (e.g., SAE
AS 6500 - Manufacturing Management
Program)
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Y RDECOVM )) MRA’s for ARDEC MANTECH:S ({

* The MRL criteria i1s the foundation for ARDEC
MANTECH MRA'’s

— MDAP “requirements” can be scaled to fit Technology
Development projects.

« Some of the 9 Threads may not apply to ARDEC
MANTECH projects, but all 9 Threads should be
reviewed to ensure no manufacturing risks are
missed

— If a thread does not apply to a project, then it is excluded from
the assessment

— If a thread is excluded from an assessment, “objective
evidence” should be provided to justify the lack of a
manufacturing risk

* Aggregate/average/composite scores are not
recommended
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YRDECOM ) ARDEC MRA Process

1. Identify IPT 2. Determine 3. Determine Target
Members to Perform Products/Processes MRL & MRA
\Y AN to be Assessed Schedule

4. Determine
Applicable MRL
Criteria

6. IRT
5. Perform MRL Self- Conduct

Assessment Initial MRA

/. Prepare & Execute

Manufacturing 8. IRT

Conduct
Final MRA

Maturation Plan
(MMP)
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® RDFCOM Step 1: Identify IPT Members

to Perform MRA

*Search Lessons Learned repository to
review and learn from previous MRA
experiences

*|dentify IPT members responsible for
conducting the MRA (can be adjusted
throughout the MRA process)

*Notify IPT members of roles and
responsibilities for conducting the MRA
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Y RDECOMI Step 2: Determine Products &

Processes to be Assessed

*|dentify Products or Processes to be
evaluated for manufacturing readiness
considering:

—Critical Technology Elements (CTES)

—Work Breakdown Structure/Bill of Materials

—Uniqueness of the application
*|dentify site visits, If required

*Adjust IPT membership to reflect MRA
Scope
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Y roEconr ) Step 3: Determine Target MRL

and MRA Schedule

*Based on Stakeholder Input, identify or infer
the Target MRL for each product or process
to be assessed

—Determine the “Should Be” state

—Document in Technology Transition Agreement
(TTA) with Customer

*Update project schedule identifying major
tasks and milestones leading to Final MRA
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Y RDECOMI Step 4: Determine Applicable

MRL Criteria

*Use the 9 Filtering Questions for each product
and process to focus down from the 22 MRL
Criteria Sub-Threads to a specific sub-set
which address the unique challenges/risks of
each product or process

*Create a MRL Questionnaire in the MRL Users
Guide by filtering for the applicable MRL criteria
for each identified product or process to be
examined as a part the MRA o

MRL Users Guide

http://mww.dodmrl.com/MRL Users Guide V12.5.16.xls Questionnaire
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@RDEG@ Filtering Questions (1-3)

* Materials: Are there materials which have not
been demonstrated in similar products or
manufacturing processes?

« Cost: Is this item a driver that significantly impacts
life-cycle cost (development, unit, or operations
and support costs)? Is the technology new with
high cost uncertainty?

*Design: Is the item design novel or does it contain
nonstandard dimensions or tolerances or
arrangements?

-DoD MRL Deskbook 4-4
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¥ RDECO ) Filtering Questions (4-6)

 Manufacturing Process: Will the item require the
use of manufacturing technology, processes,
Inspection, or capabilities that are unproven in the
current environment?

*Quality: Does the item have historical/anticipated
yield or quality issues?

 Schedule: Does this item have lead time issues or
does it significantly impact schedule?

-DoD MRL Deskbook 4-4
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@RDEG@ Filtering Questions (7-9)

* Facilities: Does this item require a new
manufacturing facility or scale up of existing
facilities (i.e., new capabillity or capacity)?

*Supply Chain Management: Does the item have
anticipated or historical sub-tier supplier problems
(e.g., cost, quality, delivery)?

*Industrial Base: Does the item have an industrial
base footprint with critical shortfalls or is this a
critical item manufactured by a sole or foreign
source?

-DoD MRL Deskbook 4-4
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® RDECOM Step 5: Perform MRL

Self-Assessment

« Complete the MRL Questionnaire for each identified
product or process in the MRA

* Determine/collect the documentation/objective
evidence/tangible evidence required to conduct and
support the Self-Assessment

—Determine the “As Is” state

* Prepare the MRA Self-Assessment using the identified
documentation/test data and correlating this
Information with the applicable MRL requirements and
scores

* Develop the Manufacturing Maturation Plan (MMP),
budget, & schedule to achieve the next higher MRL
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YRDECOM ) MMP Contents

* Problem Statement

 Solution Options

« Maturation Plan identifying Budget and Schedule

» Key activities for the preferred approach
 Preparations for using an alternative approach

* Latest time that an alternative approach can be chosen
« Status of funding to execute the manufacturing plan
« Specific actions to be taken and by whom
 Prototypes or test articles to be built

* Tests to be conducted

* Threshold performance to be met

* MRL to be achieved and when it will be achieved

DoD MRL Deskbook 5-2
DIST. A UNCLASSIFIED WARFIGHTER FOCUSED. 42



UNCLASSIFIED

® RDFCOM Step 6: Conduct Initial

MRA Review

* Form Independent Review Team (IRT) of
Management-level SME'’s

 Each IRT member reviews MRA Self-Assessment,
objective evidence and MMP and provides
Independent assessments to IRT Chairperson

« Chairperson integrates individual IRT assessments

« Conduct the Review and publish IRT independent
assessment

— The IRT must reach consensus on all issues

* Assign and close-out any Action ltems
* Update MMP
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¥ RDECO ) Step 7: Execute MMP

 Execute maturation activities IAW the
Manufacturing Maturation Plan

— Conduct site visits
— Collect objective evidence
— Update/create MMPs as necessary

— Adjust Scope as necessary
*Update MRL Self-Assessment

*Prepare for and conduct Interim MRA Reviews
(if required)

*Prepare for Final MRA Review
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® RDFCOM Step 8: Conduct Final

Independent MRA Review

Convene IRT members for Review

* Assemble, organize, and

distribute supporting

artifacts and information to the IRT to review In
advance of the Independent MRA Review

—|IRT reviews team assessment,

recommendation and o

njective evidence

 Conduct the review and ©

etermine actual MRLs

*Prepare for transition to Customer or continue

executing the MMP

UNCLASSIFIED
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YRDECOM)) MRA Review Approach

« Concentrate on the targeted MRL

— If target MRL criteria is unsatisfied, review lower level
guestions to determine actual MRL and effort required to
meet target MRL

« Confirm that all pertinent MRL criteria was
addressed

*Verify (hands-on/eyes-on) that all objective
evidence meets the MRL criteria

— Seek tangible proof that the agreed upon interpretation
of a particular MRL sub-thread definition has been
satisfied; proof that manufacturing risk has been
mitigated and/or maturity has increased

- Update Manufacturing Maturation Plans (MMPSs)
If target MRL has not been achieved
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YRDECOM ) |£°s Not About The Score

Do not focus on the MRL number like a
Report Card.

*Use MRL’s and the MRA process to identify
and mitigate manufacturing RISK.

Use the MMP to address residual
manufacturing RISK.
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Example: F2. Product Quality

US. ARMY

® RDECOM

Sub- MRL Question
Thread

F2 — 4 Has a product inspection and acceptance testing strategy been identified as
Product part of the Acquisition Strategy?
Quality

4 Has a product inspection and acceptance testing strategy been included in
the Systems Engineering Plan (SEP)?

5 Have roles and responsibilities been identified for acceptance test
procedures, in-process and final inspections?

5 Have statistical process controls been identified for prototype units?

6 Has a Key Characteristic management approach been defined?

6 Have initial requirements been identified for acceptance test procedures and
In-process and final inspection requirements for EMD units?

6 Have appropriate inspection and acceptance test procedures been identified
for prototype units?
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Example: Questionnaire Scoring

US. ARMY

® RDECOM

Question ANS MRL Comments

Has a product inspection and acceptance testing
strategy been identified as part of the Technology Yes
Development Strategy?

Identified in the TDS

Product Inspection and

Has a product inspection and acceptance testing Acceptance Testing strategy

strategy been included in the Systems N/A 4 is not identified in SEP; they

Engineering Plan (SEP)? are identfied in PRF and
TEMP

Have roles and responsibilities been identified for
acceptance test procedures, in-process and final No 5
inspections?

Have statistical process controls been identified
for prototype units?

Has a Key Characteristic management approach
been defined?

Have initial requirements been identified for
acceptance test procedures and in-process and No 6
final inspection requirements for EMD units?

No 5

No 6

Have appropriate inspection and acceptance test
procedures been identified for prototype units?
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Y RDECOM )) Sample Graphic Of MRA Scores

MRA Sub-Thread MRL1|{MRL2|{MRL3|MRL4|MRL5|MRL6MRL7|MRL 8| MRL 9|MRL 10

ManTech
HE Loading
A.2 Manufacturing
Technology Development
C.2 Cost Analysis
E.2 Manufacturing
Process Maturity
E.3 Process Yields & Rates
F.2 Product Quality
H.1 Tooling/STE/SIE
MRL 1 MRL 2 MRL 3 MRL 4 MRL 5 MRL 6 MRL 7 MRL 8 MRL 9 MRL 10
Basic : Manufacturing ||| Manufacturing Manufacturing Components System or System or PilotLine LRIP FRP
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|“‘P|"°a"°“s Identified Concept In Lab Relevant In Production Jjf In Production Ready for Ready for Lean Production
Identified Developed Environment Environment Relevant Representative LRIP FRP Practices in
Environment Environment Place
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\/ "”Ec@ Summary

* ARDEC Is implementing a New MRA
Procedure for conducting MRL Assessments of
Army MANTECH Projects:

— Aligned with the DoD Acquisition Framework and
Conforms with DoD Instruction 5000.02.

—Based on Best Practices Described in the DoD
Manufacturing Readiness Level (MRL) Deskbook.

*MRL Metrics Help Acquisition Program
Managers Manage Manufacturing Capability
and Readiness Risks

— Goes Hand-In-Hand With Use of TRLs to Manage
Technology Risks

DIST. A UNCLASSIFIED WARFIGHTER FOCUSED. 51



UNCLASSIFIED

N ””Ec@ Backup

(The following MRL Deskbook Criteria charts
are hyperlinked in the Tutorial)
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an ness S
Acquisition Phase Pre Materiel Solution Analysis (Pre MSA) Waisjul s;’::z" Aaak/ele and Risk (TMRR) Engineering & Mfg Development (EMD)
Technical Reviews ASR A SRRISFR PDR CDR PRR/SVR PCA
Sub-Thread MRL 1 MRL 2 MRL 3 MRL 4 MRL 5 MRL 6 MRL 7 MRL 8
W:::'m Should be assessed at TRL 1 Should be assessed at TRL 2 Should be assessed at TRL 3. Should be assessed 2 TRL4 Should be assessed 2t TRL § Should be assessed at TRL 6 Shoukd be assessed at TRL 7 Should be assessed 3t TRL 7 or Higher
A7 -Industrial base, [Foteraal sources (Gentned o a00ress _ [INGUSUal base Capaoiiies suveyed and [INdUsEal DSe Capabiliies assessment _|Inousinal base capabiies assessment _[INOUStnal C3030IRy 10 SUppOTT proauCtion: [INdustal Dase Cap atilily ASSEssmentfor
k] technoiogy needs, Understand state of  [known gapsiisks identified for preferred _[initiated!to identify potential manufacturingffor MS B has been completed. Industrial IMS C has b o Industrial
;] the art concept, key technologies, components,  [sources. Sole/single/ mmgn source. capability in place to support place tLRIP
| andior key processes entors d of aicles.  |are Develoging avaitable, mult: ing
= nmemva\ ob: wescente issues have been [Flans 1o minimize sole/ foreign sources SOUICEs as necessary. |whe g
= ™ lete. Need mitigate risk
3 Jrunirnize nsks for solessingleiforeign sources justfied
-1 Potential atemative sources identfied
3
2 A2 - Manufacturing [Few manufactunng concepts and Warufacturing chnology Concepts W7o Saenca & Advanced Wig T Technoiogy iogy effort: g e i technalagy eors
S Technology ootential solutions identied sentied through s identied effors initated, it continuing. Requred continuing conciuding,
i Development appiicable Jtechnology salutions Jtechnoiogy solution efforts continuing ﬂaqmd
s % e
% emironment entative environment dated on a pctne
B.1 - Producibility [Relevant matenals/processes evaluated  [Initial producibility and man 0 [Producibilty and [Producibisty assessments and d pr ility trade studes usng ements implemented
Program for using of preferred systems of ind P knowledge of key design charadteristics  [on Known produchilty issues
concepts completes. Resuts considered of key and related manufactiring p have been rescived and pose o
in selection of preferred design concepts |Ongoing design trades consider (Echnolnqnes!camnnsms completed  [capabiity car Producitslity significant nisk for LRIP.
and reflected in Technology Development |manufacturng processes and industrial _|Results used to shape Acquisition lenhancement efforts (e g. DFX) ongong
Strategy key components/ technologies. [base capability constraints. Manufacturing|Strategy, Systems Engineering Flan for optirnized integrated system.
processes assessed for capabilityto test |(SEF), Manufacturing and i
and verify in production, and influence on [plans, and planning for EMD or Ineeded for capability to tet and venfy
(Operatons & Support technolagy insertion programs |ootential influence on Operations &
[Freliminary design choices assessed  [Suppart
3gainst manufacturing processes and
industrial base capability constraints.

g Produciviity enhancement efforts (e 9.

2 [Design For Mg, Assembly, Etc. (OFX))

& rinated

3 [~ BZ-Design  [Manifactxing research OpponuniUes  AppIcabons GeNined. Br0ad peromvance | Top [Evel DErOMYance [EquIements  |SEP and Test and Evaluaton SUBtEgy  [LOWET [Evel PErrmance rEqUIEments  |Dystem alocaied Daseine establisned  [PTOGUC GESIGN and IEatures ore: GESIGN of product 3
@ Maturity identified [goals identiied that may drive Gefined. Trade-offs in design options _ [recognize the need for the sufficient to proceed to preliminary Froduct and features are oitical design [interfaces s complete. All product data
manufacturing aptions assessed based on Product of Al well enoug 10 support review, design for
lifecycie and technical cap ability of considers [or y desge Product data Y o All De:
evaluated manufactaring risk for the product i prosuct fecyle. Evaluston of for soes pact LRIP Key
lifecycle. Initial potential Key ey Cl (KC) initiated. Prod  and all Paterval KC sk [Characteristics are attainable based upon:
Performance Parameters (KPPs) data required for prototype component  |enabng/critical component have been and
identiied for preferred systems concept. |manufacturing released. [orototyped. Preminary design KCs have [alan isin place
[System characteristics and measures to oeen idenbfied and migation plans in
support required capabilities identified development
Form, fit, and function consraints
dentfied and manufacturing capabilties
identified for peeferred systems concepts
C.1-Production [Cost model approach defned Il COSt argets and risks 102ntMed. [ Manufactuning, matenal and special IOt components roadced s | Cust mogel (pasied Weh Oesin |GOst moae! Upaated With the results of _[Cost Mogets Updated W resUls o plot
Cost Knowledge High level process chart model cost drivers identied roduction relevant , matenal ine bld
(Cost modeling) developer, Techreigy cost mocels | Datalecprcesa ehar sos rice tiven amu s i’ ko et ol ikances,ibagrata racer schechie, (R representative environment,
seveloped for new process steps and by process vanables. Cost driver (Cost model includes matenals, [abor,  |results of systenvsubsystem simulations - [peoductan plant layout and design, and
materiais based on experiments. uncertainty quantified lequipment, tooling/Special Test 2nd production relevant protatype cosolescence solutions:
(Equipment (STE), setup, demonstrations
vieldiscrapirework, Work In Progress
(WIP), and capabiltyfcapaciy

@ consraints

% C2 - CostAnalysis |[dentity arry manaactunng oost [Cost elerents loenthed. [Sensitvity analysis congucted to Gefine  [Proguobility oSt riSks assessed. Intial  [COSts analyzed Using prototype Casl.s :m»yzec usmg ‘prototype [Wsruf actunng costs roled up Ine actuals o

2 impiications cost drivers and 1 rt Analysis of cormponent actuas to et costs b andtracked  fensure mcostsue achievable.

I strategy (i e. 1ab o pilot o factory) Aernatives (Aoh) and Altemative are achievable. Decisions regarding (arget e Scrite. Al st D studie:

& Systems Review (ASR) design chowces, makefbuy, capacity,  [targetsto subsystems. Cost reducton andfand engineering change requests oroposad changes ta reniements o

% e capability. saurces, qualty, key ~ |avoidance strategies developed. Provide [supported by cost estimates. Cost juration. Cost reduction miatives

] Idiate, and vanabikty cost dnvers for *Shouid-  Jreduction and avoidance strategies jongoing. Update manufacturing cost

. i ty cost rodels. Cost” modeis underway. Update manctactunng cost  |drivers for *Should-Cost* models
Lo ortvers for “Should-Cost* models.
T3 - Manufacturing | Poterial Investments denied Tshave s have reas getlMancactunng technology Iaatves [Frogram has up dated budget estmate for |Program has reasonable DUdget estimate [Prograrm has Updated bUdget estmate 107 [Prograr as (easonable Dudge! estmate
Investment Budget estimates fo reaching ML 3 through reaching MRLA byMS A |identied to reduce costs &by MS B. All outstanding [for reaching MRL 8 by MS C. Estimate 8y MS C. Al outstanding [for reaching MRL 8 by the FRP decision
experiment reasonable budget estimate for reaching MFL 5 nisk areas. westment for production-JMRL 7 risk areas understood with Ipoint. Estimate includes investment for
MRL 6 by MS B. Estimate includes capeal |appraved mitigation pians in place. representatve equipment by COR and  [approved miigation plans in place LRIP and FRP. All outstanding MRL 8 risk
investrent for production-refevant pilot line equipment by MS C. All Jareas understood with approved
equipment. All outstanding MRL 4 risk outstanding MRL 6 risk areas understood mitigation plans in place
areas understood vith approved wih approved mitigaton plans in place
3t lans in place.
= Taterial properbes [danthed for research [Watenal properies and Charactensics [ Materal propertes vandated and _H_Pvujzded-;mxzmls have been produced [Waternals have heen manufactured or  [Wateral matunty verhed hough iy Tt for pHGETIne [V aterials proven and valaated unng
s predicted assessed for basic manufacturability in a laboratory erwironment. |oroduced in a prototype environment Jrechnalogy demonstration anicles. bwld Mxenll specifications approved  JEMD as adequate to support LRIP.
using expenments (rsisy b 11 vl applicabursieogrann), |Prelininary roealerial specifabons in M aterial speuficabon sale,
[ Maturation efforts in place to address new|place and material properties have been
material production risks for technology  |adequately characterized.
demanstration
2 [Waterial avaiabiity assessed [Wateral scale-up 1ssues identned Frojected lead tmes have been dentined [Avaiabiity Vallabiity 15sues 580 10 meet. TETE mlyvsuns pose no ssgnimcant
F for ail atficult to obtain, c#ficult to ouid. Signiicant materal rsks ilentfed. [EMDbuid, Long-lead tems .oemmm LRIP builds. Long or LRP. L initated
process, or hazardous materiais or o mateals, loning hssbeguns  Companents identified DMSMS Jfor LRSP Availabilty issues addressed to
(Quantities and lead tmes estimated address scale-up issues meet FRP builds.
v lace.
£ Tilial 55SeSSMENt Of POTENtal SUPly _|GUNVEY COMPIEt=d for POtEroa SUDRIY _[Potental SUpply Chain Sources entined [LFecycle Supply Chain requirements  |ERECHVE SUpply chiain imansgement  [Assessment of ontical Second and lover
% chain capability. chain sources. and evaluated as able to support updated Critcal supplers list updated.  |processes defined, documented, andin  [tier supply chain completed.
88 prototype build Supply chain plans in place (e g. teaming |place. Plan developed for pee requirements flow down processes in
;8 agreements, etc ) supporting n EMD  [inclicators. Assessment of critical first ter [place angverfied. Validated supplier
@ contract award Rply (e g capabiley,
capacity, etc ). fsnd changes. Pian for predictive
indicators updated and to be used in
jproduction Supply chain adequate to
ort LRIP.

L [l €vahsation of potental reguatory |t Of haZardous Mmaterials [9enbfied. LISt Of hazardous maternals URGated.  [SpEcial handiing proCeaures appied | Special nanakng procedures Gyl Gial Fanging ReOCETUTES apRed In 00 RrOCECurES GppIEd in
& requirements and special handing Snecial handing procedures appliedin  |Special handiing procedures applied in  [oroduction relevant environment. Special [oracuction refevant ans . Special handing
2 concerns the lab. Special handling concerns the lab. Special handing requirements  [nandling requirement gaps identified =4 Dor
% assassed. identfied New special handling processes gaps complete |and Special
= demonstrated in iab environment ilot ine: randiing 1ssues pose no sigifcant sk
a Jfor LRIP. All work instructions contain
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high-level process flow chart madels

identfied.

level and used to determine constrants.

[{dentification of matenal andlor process
spproaches

Document high level mandfactaing
processes Critical manufacturing
processes identfied through
experimentation

[Complete a survey 1o getermine the
current state of cntical processes.

Watinty has been assessed on Smilar
processes in production. Process
capability requirements have been
centied for pilot line, LRIP and FRP

determine

DoD Manufacturing Readiness Levels (MRLS)
Materiel Solution Analysis
Acquisition Phase @ Materiel Solution Analysis (Pre MSA) e e and Risk (TMRR) Enginearing & Mfg Development (EMD)
Technical Reviews ASR A SRR/SFR PDR cDR PRRISVR
Thread | Sub-Thread MRL 1 WRL 2 MRL 3 MRL 4 MRL 5 MRL 6 MRL 7 WRL 8
':'_‘::"’" Should be assessed at TRL 1 Should be assessed st TRL 2 Should be assessed at TRLD Should be assessed at TRLA Should be assessed 3t TRL 5 Should e assessed &t TRL B Should be assessed at TRL7 Shoutd be assessed at TRL 7 or Higher.
[ri5al moders developed, T appiicable. of proposed Producton JSMUTBton (ProGuct of T3l TSge1S/S muTaton Geveloped at the [VIDGEISSmursion Used 1o Getemiine ElS/SmuTaban Venied by pict e
concepts or producibley needs based on Japproaches for process or product are  Jprocess) developed atthe component |sub-system ar system level, and used to constraits and identiy

Jould Resuits used o improve process
1

Manufactunng processes demonst ated | ManUactunng processes demonsirated r|
Begin

[production relevant

collecting or estrn:

data from urolotype buld and refine
process capabiity requirements.

Contrue collecting or esimating process.

at LRiP
be met
SUIACUNNG processes vered for
|URIP an a piotline Process Capability
Jaata from piot lme meets target. Refine

E - -Process Capability &
Control

Invtial estmates of yields and rates based
on experiments or state of the art

[Vield and rates assessment on
[oroposedsirrilar processes complete and!
applied within Analyss of Altematives
(A0A)

rget yields and rates established for
piat line., LRIP, and FRP. Yield and rate
issues dentfied, Improverment plans

Vields and rates from producion relevant
environment evaluated against tarets
plan

and the results feed

Cuaity sirateqy Herfied 35 part of e
Technology Development Stategy and
incuded in Systems Engineering Pra

developed/int ated.
Yy sy spiaeT IRy

Characternistic Wentfication sctwities.

[Froduct mepechan and acceptance teaing
etrategy wentified as part of the Technolagy
Development Strategy snd inchudad in
Systems Engineering Plan (SEP).
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=
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& F3 - Suppiier
3 ality

and risks | dentfied, indluding subber
supplier quality ranagement

3

Few manufactunng SKTs denthed

(el quatty par and qualiy managermant
system i in place. Qu
have been identfizd and improvement plans
niiated

[Roles and responsitities identified for
acceptance test procedures, in-process
and finaf inspections, and statistical
process controls for pratotype units

[Fotential supplier Gase qually Capa0 RS [SUpply Dase qUaty Capabiites and fsks

identfied, including subtier suppiier
quaiity management

[Key Charactenstc managerer

corrective action, etc ) meet

capability

capabilty requirements |an FRP based upon Filat line data.
elds and rates from production ot ine targets achieved. Yields
representative environment evaluated  frates required to begin LRIP refined using
andthe resutts  [pilot line: resula

Jteed improvernent plans. dated
Qualiy targets established. Quality afic Qualty Program

salty risks and mewrics {OMS) elements WQU&/ Mmagef estabished. Quality|
(e g, control of g pilot line, results

ot standars
Program.speciic Quaity Program Flan
devel

approach defined. Initial
identified for acceptance test procedures
and in-process

requirements for EMO units, Appropriate
inspection and acceptance test
procedures identified for prototype units

Supply Dase qualdy mprovement
initiatives identified addressing supplier
Quality Management System shortfalls,
inciuding subtier supplier quality
managerent

lbeing devel
[Qlalty Gata from the producbon ey Chiaracensics managed
and |Measarement procedures and cantrols in
analyzed and results usedtoshape  [place (e 9. SPC, FRACAS, audts,
plans. Control plans. customer satisfaction, etc) Pict line data
Key all
Test Test and Inspection
developed for EMDunts.  [olans complete and validated for
roduction units.
[y suppiier Guaity Managemetn Al program speciic Gualty
in adequate
|standards. Suppiier quality oata from  [Supplier products have completed
and first artice

|and analyzed. Strategy for audits of
enibeal supplier processes outlined

7. Skil Sets 132t ed and procuction  JSRIl Sets I0enied and plans developed
m

workforce requirements (techrical and
[operational) evaluated as part of AcA
Determine availability of process
development workdorce for the
Technology Development Phase

eet prototype and production needs.
Special skils cerification and training
requirements estabiished

TG workdarce sklls avaatie for
production in 3 relevant environment
|dentify resources (quantiies and skill
sets) and develop initial plans to achieve
requirerents for pilot line and production

[Mfg. workforce resource requirements
dentfied for pilat fine. Fians developed
i achieve pilot e requirements. Plans

inspecton. Acceptance testing of
|suoplier products is adequate to begin
|LRIP: Ptan for subooriractor process
udits in place and implemented by prime.
Jcontractor

WOTKTGICE TESOUICE rEquIrEments
jidentified for LRIP. Plans developed to
achieve LRIP requirements. Flans

[Tooing/Spena Test Equipment
(STEYSpecial Inspection Equipment (SIE
requirements are considered as part of
A0

T 3nd STEISIE
and provide supporting rationale and
schedule

Soecialized facity requirements/neeos
identfied

PalaEly o rcufacurng Boies
prototype production

rarfactung acates dertaed ond
d to produce prototypes.

evaluated as part of ok

Wig. sirateqy developed and integrated [Wig stategy refned based opon |

with acquistion strategy. Prototype
schedule risk mitigation efforts
incorporated into Technology
[Development Strategy (TDS)
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11 - Mfg Planning &
Scheduling
£
§
E
§
-
2
é 12 - Materials
® Planning
=

[Technology Gevelopment arcle

orefered concent. Prototype schedule
risk mitigation efforts indiated

Schnology Gevelopment part st
y b

component list
lead time estimates.

and include production considerations
reflecting Pilot Ine, LRIP, and FRP needs.
Lead times and other risks identified

ooy TEIE canc
dermonirsted s procuction rievard
environment. Production tooling and
STE/SIE requirements developed

3

Wanuractunng [acimes [entfed snd

produce pilot fine
build

sl ig. approach developed. ANl
system design related mig everts
incluted n Integrated M aster
[Plan/Schedule (IMP/S). Mfg risk
mitigation approach for pilat ine or
technology insertion programs defined
Most matenal decsions Complete
(make/buy), material risks identfied and
mitigation pians developed. Bill of
Materials (BOM) initated

updated o achieve LRIP workforce Jupdated to achieve FRP workforce
Pilot LRIP personne! trained on
pas:
iction taoing and Gesign | Tooing, test and Inspection equipment
Wig faroven on peat iine and additenal
tegy P for LRIP. Mfg
[developed uipment maintenance demansirated on
ilot line.
0g faciities ed ana. Gemonst
1o procuce LRIPbid.  [facildies adequate to begin LRIP. Plans.
in piace to support transition to FRP,
forkplace safety is adequate.
[itial rég. plan Geveloped MIg pianning [M1g. plan pdated for Allkey
[ricluded in IMP/S. Mfg risks are
plans. Initial work jassessed with approved mibgation plans
. Effective in place. Work mstructions finalized.
systeminplacets  [Effective production control system in
ifot line. lace to suj LRIP.
lake/Buy decisions and BOM complete M ake/Buy decisions and BOM complete
lfor pilot e bulld. Matenal planning  |to support LRIP. Material planning
systems in place for plot line bullg. |systems proven on pilat ine for LRIP
Juild.

DIST. A

UNCLASSIFIED

WARFIGHTER FOCUSED. 54



