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Preface

This version of the DoD Manufacturing and Quality Management Body of Knowledge is a working
draft for industry and government experts to comment and to make recommended edits and/or
corrections. The long-term vision is to provide a practical guide for government manufacturing and
quality (M&Q) managers to execute their duties across the DoD acquisition lifecycle. It is further
envisioned that this document will be updated on a routine basis to reflect current policy, guidance,
tools and best practices. This document does not supersede DoD policy, guidance or law; but is a
compilation of best practices, lessons learned (backed by experience, policy and guidance).

This Body of Knowledge is structured to capture M&Q activities during each phase of the life cycle.
The document includes individual chapters to cover M&Q activities and presumptive tasks
recommended during each acquisition lifecycle phase to meet DoD Instruction 5000.02, “Operation
of the Defense Acquisition System.”

The Body of Knowledge includes 6 chapters. DoD PQM managers can use the chapter that reflects
the phase of the program that they are working:

e Chapter 1: Pre-Materiel Development Decision (Pre-MDD)

e Chapter 2: Materiel Solution Analysis (MSA)

e Chapter 3: Technology Maturation and Risk Reduction (TMRR)
e Chapter 4: Engineering and Manufacturing Development (EMD)
e Chapter 5: Production and Deployment (P&D)

e Chapter 6: Operations and Support (O&S)

Each chapter breaks down the M&Q related functions for each acquisition phase into major
“Threads” and “Activities.” Threads include major manufacturing and quality functions based on the
“5 Ms” (Machines, Materials, Methods, Manpower, and Measurement); Manufacturing Readiness
Level criteria; and DoD unique M&Q related acquisition threads (i.e. DoD acquisition system,
defense contracting system, and surveillance system). These Threads are then broken into specific
Activities (gray boxes) as indicated on the below figure. Each Activity is numbered (i.e., A.1, A.2,
A.3...etc.) and has a corresponding description in each chapter describing presumptive task, metrics,
resources and tools associated with this activity.

Manufacturing and Quality Management Body of Knowledge
DRAFT - Coordination Copy —January 2018
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Preface

As an example, Pre-MDD manufacturing and quality activities are displayed in a figure as follows:

Threads
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3

The chapter text then includes a description of M&Q objectives for the acquisition phase; and for
each activity (A.1, A.2, A3 ...etc.) includes:

e A list of recommended tasks

e Metrics to determine if the task(s) have been accomplished
e Tools (i.e., specific tools and techniques to accomplish tasks)

o Related resources (i.e. law, policy, and guidance applicable to the activity/tasks)

Manufacturing and Quality Management Body of Knowledge
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1. Pre-Materiel Development Decision
(Pre-MDD)

Introduction

The objectives of the Pre-Materiel Development Decision (Pre-MDD) efforts are to obtain a clear
understanding of user needs, identify a range of technically feasible candidate materiel solutions,
consider near-term opportunities to provide a more rapid interim response, and develop a plan for the

next acquisition phase, including the required resources. This knowledge supports the Milestone

Decision Authority’s (MDA) decision to authorize entry into the acquisition life cycle and pursue a

materiel solution. The Pre-MDD manufacturing and quality activities are displayed below
(Figure 1-1).

Pre-MDD
Validated ICD
CBA Draft ICD AoA Guidance e
AoA Study Plan {
MDD ADM ™

MDD

A. DoD Acquisition | aeL SS':’T:::SE“IV A.2 Understand User A.3 Support Tech. Reviews of A.4 Provide Mfg. Input

System ing Needs Candidate Materiel Solutions for MDD
B. Defense Contracting B.1 Support Market
System Research
. C.1 Understand DCMA C.2. DCMA Support at
C. Surveillance System PQM Input Industry & Facility Sites

o

. Manufacturing

D.1 Characterize Industrial
Technology &
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D.2 Support Manufacturing
Technology Development

Industrial Base

E.1 Support Program E.2 Evaluate Design
E Producibility Requirements| Maturity
di F.1 Understand F.2 Develop Cost F.3 Estimate M&Q
F. Cost & Funding Production Cost Analysis Investment Budget

G. Materials

G.1 Understand Materials G.2Cl ize G.31 Materials | G.4 Understand Special
Management Maturity Requirements Material Availability | [Supply Chain Requil |
H. Process Capability H.1 Investigate M&S H.2 Investigate Mfg. H.3 Develop Process

Yield & Rate Estimates

. Design |

Capabilities Process Maturity

& Control

1.1 Quality Management
Requirements

. Quality Management Requirements

| 1.2 Product Quality |

1.3 Supplier Quality
Management Requirements

-

. Manufacturing
Workforce

J.1 Identify Mfg. Workforce
Requirements

K.1 Evaluate Tooling/STE/SIE
Requirements

K.2 Identify Facilities
Requirements

=

L.3 Understand Materials
Planning Requirements

-

. Manufacturing

. Facilities |
Mgmt. & Control |

| L.1 Manufacturing |

q

L.2 Understand Mfg. Planning &|

q

Figure 1-1. Pre-MDD Phase Manufacturing and Quality Activities

An important aspect of the Pre-MDD effort is narrowing the field of possible solutions to a
reasonable set that is analyzed in the Analysis of Alternatives (AoA). Early recognition of

constraints, combined with analysis of technical feasibility, can eliminate many initial ideas because

Manufacturing and Quality Management Body of Knowledge
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1. Pre-Materiel Development Decision (Pre-MDD)

they lack the potential to meet the need in a timely, sustainable, and cost-effective manner.
Conversely, the range of alternatives analyzed in the AoA need to be chosen from a sufficiently
broad solution space.

Studies have found that programs that considered a broad range of alternatives tended to have better
cost and schedule outcomes than the programs that looked at a narrow scope of alternatives (citation
to come).

Manufacturing and Quality Objectives

Manufacturing is concerned with the conversion of raw materials into products based upon a detailed
design. This conversion is accomplished through a series of manufacturing and quality procedures
and processes. It includes such major functions as manufacturing planning, cost estimating and
scheduling; engineering; fabrication and assembly; installation and checkout; demonstration and
testing; and quality assurance. Manufacturing and quality considerations begin before the AoA in
Pre-MDD, during which the manufacturing feasibility and quality risks that are associated with each
materiel solution must be understood and incorporated into study guidance for the next acquisition
phase.

The first objective is to ensure that manufacturing and quality are part of the design process. The role
of manufacturing is to influence the design so it is producible. The role of quality is to influence the
design so it is reliable and robust, in other words the material attributes, performance features, and
characteristics of a product satisfy a given need. The result is a design that is efficient and can be
manufactured using existing facilities, tools, equipment and people, and meets quality needs. This
role is critical because of the impact design decisions have on life cycle costs.

The second objective is to assess manufacturing feasibility and quality risks for the various materiel
solutions identified.

The next objective is to support Knowledge-Based Acquisition to include the reduction of
manufacturing and quality risks and demonstration of producibility.

To meet these objectives, manufacturing and quality strategy development must begin during the
earliest stages of concept development. The manufacturing and quality strategy should be part of the
Capabilities-Based Assessment (CBA) and the draft Initial Capabilities Document (ICD), and should
be included in the AoA Study Guidance for the Materiel Development Decision (MDD).

Manufacturing and Quality Management Body of Knowledge
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1. Pre-Materiel Development Decision (Pre-MDD)

A. DOD ACQUISITION SYSTEM

MDD

CBA Draft ICD Validated ICD
AoA Guidance
AoA Study Plan

MDD ADM

A.1Support Early
Systems
Engineering

A.2 Understand User

A. DoD Acquisition
Needs

System

A3 Support Tech. Reviews of
Candidate Materiel Solutions

A.4 Provide Mfg. Input
for MDD

In order to implement effective early Systems Engineering, the Joint Staff conducts a CBA, and/or
other studies as part of the Joint Capabilities Integration and Development System (JCIDS) process,
producing a draft Initial Capabilities Document (ICD). The draft ICD contains the initial Key
Performance Parameters (KPP), Key System Attributes (KSA), and Additional Performance
Attributes (APA). The draft ICD is assigned to a lead Service or Services. Prior to determining if a
materiel solution should be developed, the lead Service initiates activities to develop the AoA Study
Guidance. These activities include manufacturing feasibility, studies from the science and technology
(S&T) community, and other supporting studies (threat analysis, gap studies, etc.) contributing
pertinent data and information for the MDD.

Prior to the decision, manufacturing and quality studies are conducted to assist the lead Service
activities for each concept to identify potential constraints, risks, and capabilities of the concepts to
validate the draft ICD. These studies should be included in the AoA Study Guidance. After the
MDD, Department of Defense Instruction (DoDI) 5000.02, Operation of the Defense Acquisition
System, specifies that the AoA analyzes cost, schedule, sustainment, and required capabilities
associated with each proposed materiel solution, including technology maturity, integration risk,
manufacturing feasibility, and, where necessary, technology maturation and demonstration needs.

In addition, the Office of the Secretary of Defense (OSD) Defense Acquisition Program Support
(DAPS) Methodology criteria require the study plans address the System Engineering focus areas of
maturity, reliability and maintainability, space, weight, power, cooling, and feasibility.

To understand the implications of manufacturing feasibility, studies must address the feasibility,
maturity, and quality risks of the proposed alternatives, including the need for:

¢ Industrial base (IB) development and impacts

e New materials and novel processing methods

e Additional research and development

e Manufacturing technology development and capital equipment

e Special test equipment and environments, special inspection equipment, and tooling
e New or expanded facilities

e New manufacturing skill sets

Manufacturing and Quality Management Body of Knowledge
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1. Pre-Materiel Development Decision (Pre-MDD)

Development planning activities are initiated before the MDD, continue throughout the Materiel
Solution Analysis phase, and eventually transition to the program environment. Development
planning encompasses the engineering analysis and technical planning activities that provide the
foundation for informed investment decisions that effectively, affordably, and sustainably meet
operational needs.

Attention to critical Systems Engineering processes and functions is essential to ensure that programs
deliver capabilities on time and on budget. The effective execution of pre-MDD efforts provides
technically feasible solution options that satisfy user-driven requirements for the AoA. At the MDD,
the MDA not only decides whether an investment is made to fill the capability gap but also
determines the fundamental path the materiel development will follow. This decision should be based
on effective development planning.

A.1 Support Early Systems Engineering

Manufacturing and Quality Tasks

Support the MDA MDD process to authorize entry into the acquisition life cycle and pursue a
materiel solution.

As part of a CBA, provide analyze 1B capabilities and manufacturing feasibility.

Identify a range of technically feasible candidate materiel solutions across the entire solution
space including user input as appropriate.

Conduct a gap analysis for manufacturing feasibility to eliminate unfeasible candidate
materiel solutions based on factors such as timeliness, sustainability, cost-effectiveness, etc.

0 The gap analysis of manufacturing feasibility includes the use of near-term, commercial,
or current systems as a materiel solution for rapid fielding

Draft a top-level plan that includes scheduling, manpower, and cost projections based on the
results of manufacturing feasibility analysis of candidate materiel solutions.

Develop technical planning with respect to performance characteristics and analysis of
capability gaps in manufacturing as part of the analysis of candidate materiel solutions.
Assess candidate materiel solutions for external dependencies and integration impacts on the
industrial base.

Analyze candidate materiel solutions for reliability, availability, maintainability, and
associated costs for the AoA Study Guidance.

Analyze the potential alternatives that address the feasibility of a rapid interim response to
the need.

Metrics

Analysis and documentation of IB capabilities and manufacturing feasibility provided as part
of the CBA.

Manufacturing and Quality Management Body of Knowledge
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1. Pre-Materiel Development Decision (Pre-MDD)

Manufacturing feasibility study conducted to identify a range of potential technically feasible
candidate materiel solutions across the entire solution space including user input as
appropriate; potential solutions are documented, and provided as inputs to the Integrating
Integrated Product Team (1IPT), Overarching Integrated Product Team (OIPT), and MDD.
Gap analysis conducted for manufacturing feasibility to document and eliminate un-feasible
candidate materiel solutions based on factors such as timeliness, sustainability, cost-
effectiveness, etc.

o0 The gap analysis of manufacturing feasibility includes and documents the use of near-
term, commercial, or current systems as a materiel solution for rapid fielding, and these
are provided as inputs to the IIPT, OIPT, and MDD.

Draft top-level plan that includes scheduling, manpower, and cost projections based on the
results of manufacturing feasibility analysis of candidate materiel solutions completed and
documented as an input to the AoA Study Guidance process.

The analysis of candidate materiel solutions includes documented technical planning with
respect to performance characteristics and analysis of capability gaps in manufacturing as an
input to the AoA Study Guidance process.

The analysis of desired materiel solutions includes documented technical planning with
respect to external dependencies and integration impacts on the industrial base as an input to
the AoA Study Guidance.

Results of reliability, availability, maintainability, and associated cost analysis have been
documented and provided as an input to the AoA Study Guidance.

Results of analysis of potential alternatives that address the feasibility of a rapid interim
response to the need have been documented and provided to the OIPT.

Acquisition Decision Memorandum (ADM) Template
Acquisition Strategy Outline
A0A Study Plan Template, Sep 2009
Industrial Base Assessment Survey Form Defense Contract Management Agency (DCMA)
Industrial Analysis Center
Initial Technical Review Checklist
Integrated Design Exploration and Analysis (IDEA)
Manufacturing Feasibility Assessment Checklist (no specific tool found)
Manufacturing Readiness Level (MRL) Assessment Questionnaire
Market Research Reporting Template
Multi-Attribute Tradespace Exploration (MATE)
Pugh Matrix Template
Quality Function Deployment or House of Quality Matrix
Quality Function Deployment Excel Spreadsheet
Manufacturing and Quality Management Body of Knowledge
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1. Pre-Materiel Development Decision (Pre-MDD)

149 e Requirements Traceability Matrix Template

150 e Requirements Verification Matrix

151 e Tailoring Worksheet for Materiel Solution Analysis Phase
152 e Technology Readiness Level (TRL) Assessment Checklist
153 e Theory of Inventive Problem Solving (TRIZ) Matrix

154 Resources

155 e Air Force AoA Guide, Jun 2013

156 e Air Force AoA Handbook, Jul 2008

157 e DoDI 5000.02,

158 e DoDI 5000.60, Defense Industrial Capabilities Assessments
159 e DoD Handbook 5000.60H, Assessing Defense Industrial Capabilities
160 e DoD Market Research Guide, May 2012

161 e DSMC Acquisition Strategy Guide, Dec 1999

162 e MRL Deskbook Version 2.5, 2016

163 e Pre-MDD Analysis Handbook, Jul 2010

164 e Quality Function Deployment

165 e Requirements Traceability Matrix Guide, Jan 2012

166 e Technology Readiness Assessment Guidance, Apr 2011

167 A.2 Understand User Needs

168  Manufacturing and Quality Tasks

169 e In order to obtain a clear understanding of user needs,

170 o Participate in development of Draft Initial Capabilities Document (ICD) to provide
171 manufacturing and quality inputs to development of KPPs, KSAs, and APAs, including
172 inputs to Force Protection, System Survivability, Sustainment, and Energy KPPs (four of
173 the six mandatory KPPSs)

174 o Participate in the CBA or equivalent to provide manufacturing perspective on 1B

175 capability and manufacturing feasibility for both processes

176 o |dentify near-term opportunities that address user needs per the draft ICD and the CBA to
177 provide a more rapid interim response.

178 e Develop understanding of user needs as they relate to candidate materiel solutions and

179 proactively collaborate with the user communities to:

180 o0 Support Technical Reviews of candidate materiel solutions

181 o Initiate characterization of trade space, risks, and mission interdependencies as input to
182 support the AoA Study Guidance.

Manufacturing and Quality Management Body of Knowledge
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1. Pre-Materiel Development Decision (Pre-MDD)

Metrics

Provide input to the development of the Draft Initial Capabilities Document for a
manufacturing and quality perspective on IB capability and manufacturing feasibility.

0 Document manufacturing and quality inputs into the Draft Initial Capabilities Document
(ICD) including KPPs, KSAs, and APAs for potential inclusion in the AoA Study
Guidance

Provide input to the CBA or equivalent for a manufacturing and quality perspective on 1B
capability and manufacturing feasibility.

o Document manufacturing and quality inputs into the CBA for potential inclusion in the
AO0A Study Guidance

Review the User needs and document the manufacturing interpretation of these needs for
inclusion in the AoA Study Guidance.

Document near-term opportunities that address user needs per the draft ICD and the CBA
that provide a more rapid interim response for inclusion in the AoA Study Guidance.

ICD Template, Oct 2012

MRL Assessment Questionnaire

Pugh Matrix Template

Quality Function Deployment Excel Spreadsheet
Requirements Roadmap Worksheet

TRIZ Matrix

Resources

Capability-Based Assessment Guide, Mar 2009

Defense Acquisition Guidebook (DAG) Chapter 14.3.1.3, Build Requirements Roadmap
DoDI 5000.02

Pre-MDD Analysis Handbook, Jul 2010

Quality Function Deployment

A.3 Support Technical Reviews of Candidate Materiel Solutions

Manufacturing and Quality Tasks

Provide manufacturing inputs to support the MDA MDD process to authorize entry into the
DoD acquisition process and pursue a materiel solution.

Manufacturing and Quality Management Body of Knowledge
DRAFT - Coordination Copy — January 2018
9



214
215
216
217
218
219
220
221
222

223
224
225

226
227

228
229
230
231
232
233

234

235
236

237
238
239
240
241
242
243
244
245
246
247
248

249
250

DRAFT

1. Pre-Materiel Development Decision (Pre-MDD)

o ldentify and provide inputs to the AoA Study Guidance that specify the minimum set of
Concept of Operations (CONOPS) and ICD manufacturing and/or quality requirements
that must be met for each of the candidate materiel solutions

0 Assess each of the candidate materiel solutions for manufacturing feasibility and
producibility

0 Assess each of the candidate materiel solutions for impacts on reliability and
maintainability

o Identify manufacturing and quality risks (technical/engineering) for each candidate
materiel solution

= Identify the capability and capacity risks for rapid fielding of potential solutions.
= |dentify source consideration risks for fragile, single, sole, domestic, and foreign
sources.

o ldentify manufacturing and quality scheduling impacts and constraints (risks and
opportunities) for each candidate materiel solution

Identify initial manufacturing and quality Measures of Effectiveness for each candidate
materiel solution.

Initiate characterization of trade space, risks, and mission interdependencies of each
candidate materiel solution as input to support the AoA Study Guidance.

Analyze capability and gaps of each candidate materiel solution approach to meet the need in
a timely, sustainable, and cost-effective manner.

Metrics

In support of the MDA MDD process, the manufacturing and quality representatives to the
IIPT and the OIPT have:

o0 Evaluated the draft ICD to determine relevant manufacturing and quality metrics and
values for each of the candidate materiel solutions, and provided these as documented
inputs to the AoA Study Guidance and MDD processes.

0 Reviewed the CONOPS and preliminary requirements for each of the candidate materiel
solutions to provide documentation for initial definition and assessment of gaps, needs,
and new technologies for the AoA Study Guidance and MDD processes.

0 Assessed, evaluated, analyzed, and documented each of the candidate materiel solutions
for manufacturing feasibility and producibility.

0 Assessed and documented each of the candidate materiel solutions for impacts on
reliability and maintainability.

o ldentified, evaluated, and documented manufacturing and quality risks
(technical/engineering) for each candidate materiel solution.

= Evaluated and documented the capability and capacity for Rapid Fielding of potential
solutions for the AoA Study Guidance and MDD processes.

Manufacturing and Quality Management Body of Knowledge
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1. Pre-Materiel Development Decision (Pre-MDD)

= Evaluated, assessed, and documented source considerations (sole, domestic, foreign,
etc.) for the AoA Study Guidance and MDD processes.

o ldentified, evaluated, and documented manufacturing and quality scheduling impacts and
constraints (risks and opportunities) for each candidate materiel solution.

o ldentified and documented initial manufacturing and quality Measures of Effectiveness
for each candidate materiel solution.

Document initial characterization of trade space, risks, and mission interdependencies of each
candidate materiel solution as input to the AoA Study Guidance.

Analyze and document the capability and gaps of each candidate materiel solution approach
to meet the need in a timely, sustainable, and cost-effective manner for as input to the AoA
Study Guidance.

A0A Study Plan Template

Critical to Customer/Critical to Quality Tree Template
Manufacturing Capability Assessment Worksheet
MRL Assessment Checklist

MDD Development Planning Templates

MSA Template

Producibility Assessment Worksheet (PAW)

TRIZ Matrix

Resources

Air Force AoA Guide, Jun 2013

Air Force AoA Handbook, Jul 2008

DAG Chapter 14.4.2, Performance Management

Defense Manufacturing Management Guide for Program Managers, Chapter 1.3 and 2.6
Industrial and Manufacturing Capability Assessments in the Acquisition Lifecycle
DoDI 5000.02

MRL Deskbook Version 2.5, 2016

MSA Guide, DAG Chapter 4.2.3 , also see Air Force and Navy Guides

A.4 Provide Manufacturing Input for the Materiel Development Decision

Manufacturing and Quality Tasks

Support the MDA MDD process to authorize entry into the acquisition life cycle and pursue a
materiel solution.

Manufacturing and Quality Management Body of Knowledge
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1. Pre-Materiel Development Decision (Pre-MDD)

Identify a range of technically feasible candidate materiel solution approaches that address
considerations of industrial, production, manufacturing, and quality constraints.

Develop manufacturing inputs for the AoA Study Guidance and Study Plan planning for the
next acquisition phase, including the required resources.

Develop draft guidance on the application and use of assessments of manufacturing readiness
on the concepts under consideration

o Identify target Manufacturing Readiness Levels (MRL) that should be achieved at key
milestones and decision points for Major Defense Acquisition Programs (MDAP)

o0 Identify tools and models that may be used to assess, manage, and reduce risks that are
identified in the course of MRL assessments

Initiate characterization of trade space, risks, and mission interdependencies as input to
support the AoA Study Guidance.

Conduct a complete and rigorous manufacturing analysis/assessment of alternatives and their
non-materiel implications as part of a Systems Engineering analysis.

Assess alternatives for manufacturing and their non-materiel implications (cost, staffing,
contracting, etc.) as an input to the MDD.

Assess the industrial base for production capability and capacity, and manufacturing and
quality constraints to eliminate non-supportable candidate materiel solutions (i.e., those that
are not timely, sustainable, or affordable) as an input to the AoA Study Guidance.
Collaborate with the User communities to understand system performance requirements and
with the S&T community to identify candidate materiel solutions and potential
manufacturing issues as an input to the AoA Study Guidance.

Support the Initial Technical Review (ITR)

0 Assess the draft ICD, the AoA Study Guidance, and preliminary CONOPS for
manufacturing and quality analysis of materiel solution alternatives.

0 Support the ITR to provide detailed manufacturing and quality information and
understanding of each concept or alternative for:

= Engineering trades
= Development of a Cost Analysis Requirements Description (CARD)
= Cost drivers, material, and process risks

Metrics

In support of the MDA MDD process, the manufacturing and quality representatives are
included as active contributing members of the IIPT and the Overarching Integrated Product
Team (OIPT).

A rigorous Systems Engineering analysis has been conducted and documented to support the
MDD process for entry into the next phase.
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1. Pre-Materiel Development Decision (Pre-MDD)

0 Alternatives have been assessed and analyzed for manufacturing and their non-materiel
implications (cost, staffing, contracting, etc.) and are documented and provided as an
input to the MDD

0 Assessment of the industrial base for production capability and capacity, and
manufacturing and quality constraints to eliminate non-supportable candidate materiel
solutions (i.e., those that are not timely, sustainable, or affordable) are documented and
provided as an input to the AoA Study Guidance.

0 Results of collaboration with User community’s requirements for system performance
and capabilities and the S&T Community for candidate materiel solutions and potential
manufacturing issues are documented and provided as an input to the AoA Study
Guidance.

Draft guidance on the application and use of assessments of manufacturing readiness on the
concepts under consideration has been developed and documented and includes:

o Initial identification of target MRLSs that should be achieved at key milestones and
decision points for Major Defense Acquisition Programs

o Initial identification of tools and models that may be used to assess, manage, and reduce
risks that are identified in the course of manufacturing readiness assessments

The designated manufacturing and quality support to the Initial Technical Review (ITR) has
been specified.

o0 Assessment of the draft ICD, the AoA Study Guidance, and preliminary CONOPS for
manufacturing and quality analysis of materiel solution alternatives has been conducted
and results documented

0 Detailed manufacturing and quality information has been provided to support the Initial
Technical Review (ITR) and includes documentation of each concept or alternative for:

= Engineering trades
= Development of a CARD
= Cost drivers, material, and process risks

Acquisition Decision Memorandum (ADM) Template

A0A Study Plan Template

Industrial Base Assessment Survey Form DCMA Industrial Analysis Center
Initial Technical Review Checklist

Manufacturing Readiness Level (MRL) Assessment Questionnaire
Multi-Attribute Tradespace Exploration (MATE)

Pugh Matrix Template

Quality Function Deployment in excel

TRIZ Matrix Template

Manufacturing and Quality Management Body of Knowledge
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Resources

e Air Force AoA Handbook, Jul 2008

o Defense Manufacturing Management Guide for Program Managers Chapter 12.5.1 Initial
Technical Review

e DoDI 5000.02

e DoDI 5000.60, Defense Industrial Capabilities Assessments

e MRL Deskbook Version 2.5, 2016

e Pre-MDD Analysis Handbook, Jul 2010

e Quality Function Deployment

B. DEFENSE CONTRACTING SYSTEM

B.1 Support Market
Research

B. Defense
Contracting System

Manufacturing and quality resources should be focused on the entire acquisition cycle including
areas such as production planning, transition to production, concurrent engineering, quality
management, continuous improvement, could cost, and manufacturing technology. A clear
understanding of these focus areas is key during Pre-MDD for contracting activities in the following
acquisition phases. These activities include proactively collaborating with the S&T and user
communities to develop understanding of candidate materiel solutions to make necessary and
substantive inputs to future contracts and acquisition planning.

B.1 Support Market Research

Manufacturing and Quality Tasks

o Work with the S&T community (across government, industry, and academia) as well as other
collaborators to build the technical knowledge base for potential candidate materiel solutions.

e Survey the Industrial Base for necessary resources for the potential candidate materiel
solutions and the current state industrial practices.

e Support requests for information and solicit industry and academia responses to warfighter
needs.

o Provide manufacturing and quality inputs for sources sought activity, as appropriate

e |dentify and characterize candidate materiel solutions resulting from the Sources Sought to
support Requests for Information (RFI) activities and Industry Day events.

o Ensure the RFI is open to alternative solutions

¢ Analyze potential trade space to identify performance versus cost benefits discriminators for
potential candidate materiel solutions.
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Initiate planning for the manufacturing and quality efforts required during the next phase.

Metrics

Results of working with the S&T community, as well as other collaborators, technical
knowledge base for each candidate materiel solution is documented in the AoA Study
Guidance.

Documentation of the availability of necessary resources for the potential candidate materiel
solutions and the current state industrial practices as a basis for the Sources Sought and the
Requests for Information.

Manufacturing and quality inputs for Sources Sought activities are documented and provided,
as appropriate.

Information from the Sources Sought documented and used to support RFI activities and
Industry Day events for the potential candidate materiel solutions.

o Documentation recognizes alternative solutions in the RFI

Potential trade space identifying performance versus cost benefit discriminators for potential
candidate materiel solutions have been analyzed developed and documented for subsequent
acquisition phases.

Planning for the manufacturing and quality efforts required during the next phase initiated
and documented for the future Acquisition Strategy (AS).

A0A Study Plan Template

Market Research Reporting Template
Pugh Matrix Template

Systems Engineering Plan (SEP) Outline

Resources

Air Force AoA Handbook, Jul 2008
DAG Chapter 14

DoD Market Research Guide, May 2012
SEP Outline, Jun 2015

C. SURVEILLANCE SYSTEM

C. Surveillance System

C.1 Understand DCMA
POM Requirements

C.2. DCMA Support at
Industry & Facility Sites

The activity managing the concept or the Program Manager should maximize the use of DCMA
personnel at contractor facilities where there is delegation of authority and expertise available.
Request DCMA Contract Management Offices jointly support development of program support plans
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1. Pre-Materiel Development Decision (Pre-MDD)

for all Acquisition Category | program contracts to ensure agreement on contract oversight needs and
perspectives.

C.1

Understand DCMA PQM Data Inputs

Manufacturing and Quality Tasks

Ensure quality and manufacturing requirements are included in contracts and in appropriate
agreements with other agencies (e.g., DCMA).

0 Request DCMA recommend the appropriate quality (i.e., ISO 9001 or AS9100) and
manufacturing management program requirements (i.e., AS6500 or contractual)
requirements language to be included in solicitations, requests for proposals, and
contracts and in appropriate agreements with other agencies (e.g., DCMA).

0 Request DCMA provide supporting rationale for recommendations on the emerging
technology maturity.

As part of manufacturing feasibility assessments of each concept being considered, request
information and data input for similar products and manufacturing processes from
DCMA on:

Manufacturing maturity of similar products and processes
Status and readiness of industrial capabilities

Current available facilities and equipment

Workforce availability and training

Quality system processes and results

O O O O O

Identify the manufacturing and/or production, quality, engineering and software development
risks for similar products and processes relevant to each concept being considered for the
AO0A Study.

0 Request DCMA to provide data to support analysis of the identified risks including
lessons learned.

Metrics

Quality and manufacturing requirements have been documented and included in contracts
and in appropriate agreements with other agencies (e.g., DCMA).

Supporting rationale for recommendations on the emerging technology maturity has been
provided by DCMA and incorporated into the manufacturing feasibility assessment.

In support of and documented in the manufacturing feasibility assessments of each concept
being considered, DCMA has provided information and data input for similar products and
manufacturing processes for:

0 Manufacturing maturity of similar products and processes
o Status and readiness of industrial capabilities
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1. Pre-Materiel Development Decision (Pre-MDD)

o Current available facilities and equipment
0 Workforce availability and training
0 Quality system processes and results

Manufacturing and/or production, quality, engineering, and software development risks for
similar products and processes relevant to each concept being considered for the AoA Study
have been provided by DCMA, including lessons learned, and documented in the analysis of
the identified risks.

A0A Study Plan Template

DCMA Pre-Award Survey

DCMA Program Support Plan

Industrial Base Capabilities Assessment Questionnaire
Manufacturing Readiness Level (MRL) Assessment Questionnaire
Risk Assessment Template

TRL Assessment Checklist

Resources

Air Force AoA Handbook, Jul 2008

DoDI 5000.60, Defense Industrial Capabilities Assessments

DoD Handbook 5000.60H, Assessing Defense Industrial Capabilities

DoD Risk, Issue, and Opportunity Management Guide for Defense Acquisition Programs,
Jan 2017

MRL Deskbook Version 2.5, 2016

Technology Readiness Assessment Guidance, Apr 2011

C.2 DCMA Support at Industry and Facility Sites

Manufacturing and Quality Tasks

Based on DCMA (when requested and agreed to by DCMA) inputs, sponsor manufacturing
investment programs that support:

o Development and management of industrial base investment programs that create,
expand, or preserve assured, affordable, and commercially viable production capabilities
and capacities for items essential for national defense

0 Assessment and evaluation of candidate programs

Based on DCMA (when requested and agreed to by DCMA) inputs, develop
recommendations to program and contracting personnel on manufacturing technology
investments and Title 111 initiatives.
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Based on DCMA (when requested and agreed to by DCMA) information, develop assistance
requests to DoD and/or component manufacturing technology programs that support:

(0]

(0}

Identification of new manufacturing processes associated with the program and candidate
components for the identified processes

Identification of low-yield processes and components

Request for manufacturing technology (ManTech) assistance for identified processes and
components

Development of requests for information and academia responses to warfighter needs

Based on DCMA (when requested and agreed to by DCMA) information, evaluate and
submit recommendations on an emerging manufacturing technology maturity.

(0]

Metrics

Conduct manufacturing technology assessments to evaluate an emerging manufacturing
technology to determine feasibility for production

Assess the emerging manufacturing technology to ensure it meets production
requirements

= Develop recommendations on the emerging manufacturing technology maturity
= Document assessment of industrial capabilities and recommendations for
applicability of emerging manufacturing technology, and provide to decision maker

Based on DCMA inputs, manufacturing investment programs have/are being sponsored that
support for:

(0}

(0]

Development and management of industrial base investment programs that create,
expand or preserve assured, affordable, and commercially viable production capabilities
and capacities for items essential for national defense have been conducted and the
results documented for inclusion in the AoA Study guidance

Assessment and evaluation of candidate programs with results documented for inclusion
in the AoA Study Guidance

Based on DCMA inputs, development and documentation of recommendations for program
and contracting personnel on manufacturing technology investments and Title 111 initiatives
for the AoA Study Guidance have been completed based on DCMA inpults.

Based on DCMA information, assistance requests to DoD and/or component manufacturing
technology programs have been developed and documented that support:

(0]

Identification of new manufacturing processes associated with the program and candidate

components for the identified processes

Identification of low-yield processes and components

Request ManTech assistance for identified processes and components

Requests for information from industry and academia have been developed and the

responses documented to address warfighter needs in the AoA Study Guidance
Manufacturing and Quality Management Body of Knowledge
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1. Pre-Materiel Development Decision (Pre-MDD)

e Based on DCMA information, evaluate and submit recommendations on an emerging
manufacturing technology maturity

0 Manufacturing technology assessments to evaluate an emerging manufacturing
technology to determine its feasibility for production have been conducted and the results
documented for inclusion in the AoA Study Guidance

o Emerging manufacturing technology has been assessed to ensure it meets production
requirements and the results documented for inclusion in the AoA Study Guidance

0 Prepare an assessment summary on the feasibility of the manufacturing technology to
meet production requirements

Tools

¢ Army Manufacturing Technology (ManTech) Proposal Rating Template
e ManTech Phase | Questions
e Pugh Matrix Template

Resources

e DoD Directive 4200.15, DoD ManTech Program
e ManTech Strategic Plan, Mar 2009
e See Service-specific ManTech requirements

D. MANUFACTURING TECHNOLOGY AND INDUSTRIAL BASE

D.1 Characterize Industrial
Base Capabilities

D.2 Support Manufacturing
Technology & Technology Development

D. Manufacturing ‘
Industrial Base (IB)

Title 10 U.S.C, Section 2440, Technology and the Industrial Base, requires the “Secretary of Defense
to prescribe regulations requiring consideration of the national technology and industrial base in the
development and implementation of acquisition plans for each major defense acquisition program.”
If programs are to be successful and meet the intent of the law, manufacturing and quality need to be
a major consideration in all phases of acquisition. For example, the National Environmental Policy
Act (NEPA) requires Federal agencies to consider the environmental impacts of proposed actions,
including actions within acquisition programs, before they are implemented.

The 5000.02 guidance provides for manufacturing assessments throughout the entire acquisition
cycle and includes such areas as production planning, transition to production, concurrent
engineering, quality management, continuous improvement, could cost, and manufacturing
technology. The Defense Acquisition Executive (DAE) passes this policy through the respective
SAEs who are the senior acquisition executives within the DoD Component having cognizance and
management. Planning and effective investments in industrial base capabilities allow for a smooth
transition from development to production and sustainment.
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D.1 Characterize Industrial Base Capabilities

Manufacturing and Quality Tasks

e Conduct industrial base sector studies (i.e., capabilities and capacities) relevant to potential
and future needs inclusive of design, development, production, operation, and sustainment,
and eventual disposal.

(0]

Identify and understand potential industrial base sources and needs.

e Conduct an Industrial Base assessment to identify sources relevant to the concepts being
considered for the ICD, AoA Study Guidance, and the MDD.

(0]

Include identification of unique manufacturing capabilities that are not readily accessible
(i.e., require regeneration).

Include DCMA (when requested and agreed to by DCMA) data that supports the
following:

= Industrial Capability Assessments

= Analytical Products

= Defense Business and Economic Analysis
= Acquisition Planning Support

e Analyze the capabilities of the identified Industrial Base sources to develop, produce,
maintain, and support the concepts being considered for inclusion in the ICD, AoA Study
Guidance, and the MDD:

(0]
(0]

Identify the external dependencies and integration impacts.

Identify the availability of essential raw materials, special alloys, composite materials,
components, tooling, and manufacturing and quality test equipment required to support
the concepts being considered.

Identify items that are sole or single sourced, fragile source, or available only from
sources outside the National Technology Industrial Base (NTIB).

= Analyze the effects on the sources for the concepts being considered that result from
foreign acquisition of firms in the United States.

Identify the availability of alternatives for obtaining such items from within the NTIB

= Analyze the military vulnerability that could result from the lack of alternatives, if
such items become unavailable from sources outside the NTIB.

e Use appropriate models and simulations to develop required documentation for the MDD.

Metrics

e Asaresult of industrial base sector studies, potential sources that could address potential and
future needs have been identified and documented.
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1. Pre-Materiel Development Decision (Pre-MDD)

o0 Includes design, development, production, operation, and sustainment, and eventual
disposal.

An assessment has been conducted and identifies sources relevant to the concepts being
considered documented in the ICD, the AoA Study Guidance, and the MDD and includes:

o Identification of unique manufacturing capabilities that are not readily accessible (i.e.,
require regeneration)
o DCMA dataon:

= Industrial Capability Assessments

= Analytical Products

= Defense Business and Economic Analysis
=  Acquisition Planning Support

Capability analysis of the identified Industrial Base sources to support the design,
development, production, operation, and sustainment, and eventual disposal have been
conducted on the concepts being considered and provided for inclusion in the AoA Study
Guidance and the MDD.

o0 The analysis identifies the external dependencies and integration impacts.

o0 Analysis identifies and documents the availability of essential raw materials, special
alloys, composite materials, components, tooling, and manufacturing and quality test
equipment required to support the concepts being considered

o0 The analysis identifies items that are sole or single sourced, fragile source, or available
only from sources outside the NTIB.

= Analysis also identifies the effects on the sources for the concepts being considered
that result from foreign acquisition of firms in the United States.

= Analyze the military vulnerability that could result from the lack of alternatives, if
such items become unavailable from sources outside the NTIB.

Evidence that appropriate models and simulations have been utilized and the results have
been provided as input to the AoA Study Guidance and the MDD.

A0A Study Plan Template

Industrial Base Assessment Survey Form DCMA Industrial Analysis Center

MRL Assessment Checklist for Technology and Industrial Base thread

Army ManTech Proposal Rating Template

Numerous M&S models are available that the contractor may use, we (government) should
be familiar with these tools
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Resources

Air Force AoA Handbook, Jul 2008

DoDD 4200.15, Manufacturing Technology (ManTech) Program
DoDI 5000.02

DoDI 5000.60, Defense Industrial Capabilities Assessments
Industrial Base Capabilities Assessment

MRL Deskbook Version 2.5, 2016

M&S Guidance for the Acquisition Workforce, Oct 2008

D.2 Support Manufacturing Technology Development

Manufacturing and Quality Tasks

As part of industrial base sector studies, survey manufacturing and quality technologies and
capabilities relevant to potential and future needs.

o Identify and understand potential industrial base investment needs.

Identify the requirement for the use of advanced manufacturing and quality technology and
processes for the concepts being considered.

Conduct a survey of ManTech Program technology concepts that are ongoing, in
development, and support the concepts being considered.

0 Based on survey needs for Manufacturing Technology assistance identified.
0 Based on survey provide recommendations on manufacturing and quality technology
investments and Title 111 initiatives.

Provide input to contract solicitations (sources sought, RFIs, etc.) that encourage acquisition
of modern technology, production equipment, and production systems that increase the
productivity and reduce life-cycle costs.

0 Methods to encourage investment by U.S. domestic sources in advanced manufacturing
and quality technology production equipment and processes.

Metrics

A survey of manufacturing and quality technologies and capabilities relevant to potential and
future needs has been conducted and the results documented and included as part of industrial
base sector studies.

Potential industrial base investment needs have been identified, their impact understood and
documented.

The requirements for the use of advanced manufacturing and quality technology and
processes for the concepts being considered have been documented for the AoA Study
Guidance and the MDD.
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e Analysis of ongoing ManTech Program technology concepts that support the concepts being
considered completed and documented.

0 Needs for Manufacturing Technology assistance documented AoA Study Guidance.
0 Recommendations on manufacturing and quality technology investments and Title 111
initiatives have been documented and provided to the appropriate Service or Agency.

o Draft language written for the future AS, sources sought, RFIs, etc. has been provided as
input to AoA Study Guidance.

e Army ManTech Proposal Rating spreadsheet
e ManTech Phase | project questionnaire
e TRL Assessment Checklist

Resources

e Air Force Technology Development and Transition Strategy Guidebook, Nov 2010

e Defense Manufacturing Management Guide for Program Managers, Chapter 8, Technology
Development and Investments

e DoDI 5000.02

e DoD Directive 4200.15, ManTech

e MRL Deskbook Version 2.5, 2016

e Technology Readiness Assessment Guidance, Apr 2011

E. DESIGN

E.1 Support Program
Producibility Requirements|

E.2 Evaluate Design
Maturity

E. Design ‘

One of the major objectives is to evaluate manufacturing feasibility, or to answer the question "can
you build it?" Producibility is an engineering function directed toward generating a design which is
compatible with manufacturing capability and quality processes. It is often considered the most
important determinant of product cost, due to the effect on both production and sustainment costs.

Proposed materiel solutions should be assessed for manufacturability and producibility to ensure that
one or more candidate materiel solutions have the potential to be affordable, effective, suitable, and
can be developed to provide a timely solution to a need at an acceptable level of risk. This presents
the first real opportunity to influence systems design and begin planning for production by balancing
technology opportunities and current practices against cost, schedule and performance. User needs
should be expressed in terms of quantifiable parameters. The intent is to reduce technical risk,
evaluate design concepts, support cost estimates, evaluate manufacturing processes, and refine design
requirements.
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Quality requirements are integral to design and development efforts as specified in industry best
practice standards for quality management systems (1SO 9001, AS9100, etc.). These standards for
systems engineering processes emphasize the importance of quality as part of program requirements
in early design. The typical processes included in the QMS and included in this document are:

e Design and Development Planning (e.g., Engineering Management, FMECA, Safety, etc.)

e Design and Development Inputs/Outputs and Reviews (e.g., Verification and Validation
(V&V), Test and Evaluation (T&E) Management, reviews and audits, etc.)

¢ Risk and Configuration Management

DoD acquisition programs may face a high risk of failure at the outset of the design process based on
the maturity of the design. Some level of risk associated with new concepts may be unavoidable,
historically this risk has been magnified by a misunderstanding of the efforts necessary to mature the
concept into a mature product. The government and its contractors must share equal responsibility for
this misunderstanding. The contractor's proposal and the government’s source selection process
provide the most cost-effective opportunity to ensure application of these critical efforts during
design maturation.

A mature design in pre-MDD phase should begin to show these characteristics: the design meets
requirements and overcomes shortfalls, the design is experiencing minimal changes, and initial
testing and experiments indicate performance can be met. However, final design will be determined
at Critical Design Review (CDR), much later in the program.

E.1 Support Program Producibility Requirements

Manufacturing and Quality Tasks

e Assess the manufacturing producibility and feasibility of the concepts being considered as
materiel solutions to ensure that one or more concepts have the potential to be affordable,
effective, suitable, and can be developed to provide a timely solution to a need at an
acceptable level of risk. The assessment should include:

Evaluation of design concepts

Identification and determination of costs, cost drivers, and potential risks
Identification of manufacturing and quality processes needed and requirements
Identification of design requirements

Identification of technical risks

O 0O 0O o oo

o Additional analysis of the following areas should be conducted as the concepts mature:

Technology maturity

Industrial Base capability

Manufacturability

Funding required for maturing the manufacturing and quality processes

O O 0O O
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Materials availability

Tests and demonstrations for new materials and processes

Environmental impacts

Anticipated manufacturing and quality risks including potential cost and schedule
impacts

O 0O O ©°O

Conduct trade studies that consider and incorporate alternative system designs and other
technical considerations.

Metrics

Concepts being considered as materiel solutions have been assessed and documented in the
A0A Study Guidance for producibility and feasibility, including:

Affordability

Effectiveness

Suitability

Timeliness (including rapid deployment)
Manufacturing and quality requirements and processes
Design requirements

Technical risks

Costs, cost drivers, and potential risks

©O OO0 0O 0O o0 o

Concepts analysis has been conducted and documented as an input to the AoA Study
Guidance for the following:

Technology maturity

Industrial Base capability

Manufacturability

Funding required for maturing the manufacturing and quality processes

Materials availability

Tests and demonstrations for new materials and processes

Environmental impacts

Anticipated manufacturing and quality risks including potential cost and schedule
impacts

O O OO0 O 0O o0 o

Trade studies have been conducted to document alternative designs considered and other
technical considerations and provide as input to the AoA Study Guidance.

Industrial Base Assessment Survey Form DCMA Industrial Analysis Center
Manufacturing Producibility Assessment Worksheet (PAW)

Market Research Reporting Template

MRL Assessment Checklist for Design thread
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Preliminary Hazards List Developed
Pugh Matrix

TRL Assessment Checklist

TRIZ Matrix

Resources

ESOH in Acquisition Guide, Apr 2009

DoDI 5000.02

MRL Deskbook Version 2.5, 2016

Producibility Systems Guidelines, NAVSO P-3687, Dec 1999
Technology Readiness Assessment Guidance, Apr 2011

E.2 Evaluate Design Maturity

Manufacturing and Quality Tasks

Identify the manufacturing industrial base capabilities and the manufacturing technologies
required by candidate materiel solution approaches to evaluate the respective design
maturities.

Identify broad performance requirements of candidate materiel solution approaches that may
drive manufacturing and quality options.

Assess the maturity of each candidate materiel solution’s design options based on
experiments.

Identify and evaluate candidate materiel solution approaches lifecycle and technical
requirements.

Identify and evaluate reasonable technologies that can be available in the timeframe
available.

Metrics

Manufacturing industrial base capabilities and the manufacturing technologies applications
required by candidate materiel solution approaches and the impact on respective design
maturities have been documented for the AoA Study Guidance.

Broad performance requirements for candidate materiel solution approaches that may drive
manufacturing and quality options have been identified and documented for the AoA Study
Guidance.

Designs have been evaluated for the efforts necessary to mature the concepts into a mature
product from immature technologies for inclusion in the AoA Study Guidance.

o Trade-offs to candidate materiel solution approaches to design have been assessed based
on experiments and results documented.
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o Affordability, producibility, sustainability, and other appropriate “ilities” are
documented.

0 Analysis results document the necessary steps to mature the concept sufficiently to meet
initial manufacturing and quality needs.

Maturity is demonstrated and documented with a “bread-board” model, trade-off studies, and
experiments as appropriate.

Life-cycle sustainability has been evaluated and documented for the AoA Study Guidance.
Technologies that can be available in the recommended timeframe have been identified and
evaluated for the AoA Study Guidance.

Industrial Base Assessment Survey Form DCMA Industrial Analysis Center
Market Research Reporting Template

MRL Assessment Questionnaire using design thread

Producibility Assessment Worksheet (PAW)

Pugh Matrix Template

TRL Assessment Checklist

TRIZ Matrix

Resources

AS9100, Quality Management Systems - Requirements for Aviation, Space and Defense
Organizations

DoD 5000.60, Defense Industrial Capabilities Assessments

DoDI 5000.60, Assessing Defense Industrial Capabilities

ISO 9001, Quality Management Systems

DoD Market Research Guide, May 2012

MRL Deskbook Version 2.5, 2016

Producibility System Guidelines, NAVSO P-3687, Dec 1999

Technology Readiness Assessment Guidance, Apr 2011

F. COST/FUNDING

F. Cost & Funding ‘

F.1 Understand
Production Cost

F.2 Develop Cost
Analysis

F.3 Estimate Mfg.
Investment Budget

Throughout the acquisition process, systems engineering provides the technical foundation for the
acquisition program. In the early stages of an acquisition, systems engineering analysis and products
are vital to the ability to assess appropriately the feasibility of addressing user needs, technology
needs of potential solutions, and robust estimates of cost, schedule, and risk, all leading to
predictable, disciplined acquisition.
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The government's objective is to determine the costs to develop, execute, field, and maintain each
candidate materiel solution. Implementation of processes and systems that consider manufacturing,
quality, and design functions in achieving a product design which meets cost, schedule, and
performance requirements with acceptable risk is required.

Appropriate practices for implementation will include parametric and production cost modeling
estimates. Parametric cost modeling requires identification of similar systems, products, components,
and manufacturing processes, and other factors. Production cost modeling includes identification of
critical characteristics and Key Characteristics (KC) and critical and key manufacturing and test
processes; variability reduction; simulations of the manufacturing environment; cost/performance
trade studies; manufacturing capability assessments; product and process validation; and key supplier
relationships. Depending on the candidate materiel solution, production cost modeling may have
limited application in this phase.

Part of the task or role for manufacturing and quality is to identify investments needed in the
industrial base or infrastructure for each candidate materiel solution. The needed investments may
include: additional industrial capacity, test equipment, workforce training, special materials handling,
transportation, etc.

Additionally, investments in processes and systems to assure program affordability, through product
quality and manufacturing efficiency, may include for implementation: product improvement
initiatives, variability reduction on product and process, manufacturing process control and
continuous improvement, key supplier relationships, and investments in manufacturing technology.
To that end, ongoing and future ManTech, Title 11, etc., program investments need to be considered
to achieve the desired performance while controlling or meeting acquisition cost objectives. This
accomplished by developing, maturing, and transitioning advanced manufacturing technologies.

F.1 Understand Production Cost

Manufacturing and Quality Tasks

e Evaluate the Cost Analysis and Program Assessment (CAPE) parametric costs estimates for
appropriateness and completeness of manufacturing considerations.

o ldentify similar systems, products, components, and manufacturing and quality processes
with established Average Procurement Unit Cost or Average Manufacturing Unit Cost (if
available) for input to the parametric cost analysis and the study guidance.

e Support the development of cost estimates for each of the candidate materiel solutions for
inclusion in the AoA Study Guidance.

o Cost estimates should include:
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869 = Identification of critical and key/critical product characteristics/features and critical
870 and key/critical manufacturing and test processes

871 = |dentification of variability reduction needs

872 = Simulations of the manufacturing environment

873 = Trade studies of cost/performance

874 = Capability assessments of manufacturing and quality, product and process validation,
875 and key supplier relationships

876 e Provide manufacturing and quality input to initial cost targets and error bands for candidate
877 materiel solutions.

878  Metrics

879 e Analysis of CAPE parametric costs for manufacturing and quality cost estimates have been
880 completed and documented with recommendations for the AoA Study Guidance.

881 e Manufacturing and quality cost estimates for the candidate materiel solutions have been
882 evaluated and results provided for inclusion in the AoA Study Guidance.

883 0 Cost estimates include documentation for:

884 = Critical and key product characteristics/features and critical and key manufacturing
885 processes

886 = Variability reduction needs

887 = Manufacturing environment simulation results

888 » Trade study cost/performance results

889 = Capability assessment results of manufacturing and quality, product and process
890 validation, and key supplier relationships

891 ¢ Initial cost targets and error bands reviewed and results documented for inclusion in the AoA
892 Study Guidance.

893 Tools

894 e Analogy and Parametric Estimating Techniques

895 e Cost Analysis Requirements Description Template (CARD) (see CAPE website for tools)
896 e Manufacturing Readiness Level (MRL) Assessment Questionnaire, Cost Thread

897 e Costand Lead Time Estimating Worksheet

898 e Manufacturing Cost Estimating Worksheet

899 Resources

900 e Cost Analysis Requirements Description (CARD) Template (See CAPE website for
901 guidance)
902 e DAG Chapter 3.4, “Cost Estimation for MDAPs”
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Defense Manufacturing Management Guide for Program Managers, Chapter 9,
Manufacturing Cost Estimating

DoDI 5000.73, Cost Analysis Guidance and Procedures, Jun 2015

MRL Deskbook Version 2.5, 2016

MIL-HDBK 766, Design to Cost, 1989

Parametric Estimating Handbook, Apr 2008

F.2 Develop Cost Analysis

Manufacturing and Quality Tasks

Identify the applicable guidance for developing manufacturing and quality cost estimates
Identify investments needed in the industrial base or infrastructure for each candidate
materiel solution

Support initial document development of the CARD with the manufacturing and quality
inputs for the appropriate cost categories (e.g., producibility study costs).

Identify any manufacturing and quality cost implications for candidate materiel solutions.
Identify manufacturing and quality cost drivers of candidate materiel solutions (e.g.,
proposed materials and process selections that may be inherent).

Conduct manufacturing and quality cost sensitivity analysis where appropriate if possible.
Identify manufacturing and quality workforce and integration cost requirement implications.
Part of the task or role for manufacturing and quality is to identify investments needed in the
industrial base or infrastructure for each candidate materiel solution. The needed investments
may include: additional industrial capacity, test equipment, workforce training, special
materials handling, transportation, etc.

Metrics

Guidance for developing manufacturing and quality cost estimates has been documented and
included in the AoA Study Guidance.

0 Manufacturing and quality cost sensitivity analysis (where appropriate) has been
conducted

0 Manufacturing and quality workforce and integration cost requirement implications

0 Process for estimating life cycle costs

Manufacturing and quality inputs for the appropriate cost categories for the CARD have been
developed and provided.
Manufacturing and quality cost implications for candidate materiel solutions have been
documented in the AoA Study Guidance.
Manufacturing and quality cost drivers of candidate materiel solutions (e.g., proposed
materials and process selections that may be inherent) have been documented in the AoA
Study Guidance.
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939 Tools

940 e Cost/Schedule Control System Criteria (widely replaced by Earned Value Management, but
941 could use on a small project)

942 e Manufacturing Cost Estimating Spreadsheet

943 e Manufacturing Readiness Level Assessment (MRL) Questionnaire using the Cost Thread
944 e See CAPE website for tools

945 Resources

946 e Cost/Schedule Control System Criteria Reference Guide, Sep 1992

947 e Manufacturing Cost Estimating, see the Defense Manufacturing Management Guide for
948 Program Managers, Chapter 9

949 e See CAPE website for guidance

950 F.3 Estimate Manufacturing and Quality Investment Budget

951  Manufacturing and Quality Tasks

952 e Estimate investments required for candidate materiel solution approach

953 o Capital equipment (tooling, machines, structures, etc.)

954 o0 Test equipment (specialized, environmental, etc.)

955 o Facilities and modifications/expansion (handling, storage, transportation, disposal)
956 0 Government-furnished equipment (GFE)

957 ¢ Identify new or high risk manufacturing and quality processes that require investments as
958 part of a manufacturing feasibility assessment to meet concept needs

959 0 Assess ongoing ManTech, Title 111, etc. program investments

960 0 ldentify future ManTech, Title 11, etc. program investments

961 Metrics

962 e Manufacturing and quality investments for the candidate materiel solutions have been
963 developed and evaluated with results provided for inclusion in the AoA Study Guidance.
964 Including:

965 o Capital equipment (tooling, machines, structures, etc.)

966 o Test equipment (specialized, environmental, etc.)

967 o Facilities and modifications/expansion (handling, storage, transportation, disposal)
968 o GFE

969 e New or high-risk manufacturing and quality processes have been identified, documented, and
970 addressed in either an ongoing or future ManTech or other program budget request.
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Tools

e Manufacturing Cost Estimating Spreadsheet
e Manufacturing Readiness Level (MRL) Assessment Questionnaire using the Cost Thread
e See CAPE website for tools http://www.cape.osd.mil/

Resources

e MRL Deskbook Version 2.5, 2016
e See CAPE website for guidance http://www.cape.osd.mil/

G. MATERIALS MANAGEMENT

G.1 Understand Materials
Maturity Requirements

G.2 Characterize
Material Availability

G.3 Understand Supply

G.4 Understand Special
hain Mgmt. Requireme;

Requirements

G. Materials
Management

Materials management is a key focus area of manufacturing and quality tasks for the concepts being
considered for development. Material management will require assessment of the maturity, the
materials availability, the capability and capacity of the proposed supply chain to provide the
materials, and the potential need for special handling, government-furnished property (GFP), shelf
life, security, storage, environmental, etc. requirements.

The assessment will identify the need for any additional research to mature materials and identify the
properties, characteristics, and quality deemed necessary to support the concepts being considered.
Material properties, characteristics, and quality will require experiments for validation and
assessment for basic manufacturability.

The assessment will also identify materials that are available to support the concepts being
considered, as well as the manufacturing, quality, and scale-up risks and issues. It will also identify
those materials that are not readily available and will include identification of sources of material
(from the NTIB or foreign sources).

The complexity of the DoD supply chain for a weapon system is staggering with a supply chain that
often encompasses hundreds of vendors and subcontractors. Adding to the complexity is the fact that
on many large weapon system programs the prime contractor is often the integrator, with much of the
program content coming from subcontractor, government, and other vendors or suppliers. Thus
managing the supply chain, which includes the materials and the associated schedules, becomes a
key and critical management function.
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G.1 Understand Materials Maturity Requirements

Manufacturing and Quality Tasks

Identify needed material properties, characteristics, and quality for each candidate materiel
solution.

o Identify and document appropriate metrics for evaluating materials against requirements.

Identify additional research and development (R&D) and experiments required for immature
materials for validation and assessment of basic manufacturability

Investigate ongoing programs (DoD, science and technology (S&T), commercial,
government, etc.) to identify materials that address each candidate materiel solution needs.

0 Assess materials manufacturing maturity
Perform volatility assessments for each candidate materiel solution:

o Potential supply chain sources for critical materials

0 Hazardous materials

o Special handling procedures that were applied in the lab and include in lead time
estimates

Metrics

Tools

Material properties for candidate materiel solution approaches have been identified and
documented for the AoA Study Guidance.

o ldentified metrics for evaluating materials have been specified and documented.

Required R&D and experiments for immature materials that have been developed and tested
in a lab environment have been investigated and assessed and results documented.

Ongoing programs (DoD, S&T, commercial, government, etc.) have been investigated and
assessed for materials that support candidate materiel solution and results documented.

o Documentation includes assessments of material maturity for each candidate materiel
solution

Volatility assessments for each candidate materiel solution were conducted and document:

o Potential supply chain sources for critical materials

0 Hazardous materials

o Special handling procedures that were applied in the lab and include in lead time
estimates

Market Research Reporting Template
MRL Questionnaire for Material Management thread
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Design for Six Sigma (Tools)
Design of Experiments Analysis
Taguchi Loss Function Analysis

Resources

MRL Deskbook Version 2.5, 2016

G.2 Characterize Materiel Availability

Manufacturing and Quality Tasks

Identify the availability of essential raw materials, special alloys, composite materials, and
components, required to support the concepts being considered.

Assess material requirements, external dependencies, and availability for candidate materiel
solutions.

o ldentify materials that are:

= Developed in a lab environment, but are not immediately available
= Readily available within near term (i.e., commaodities)

= Commercially available, but have long lead times

= Readily available, but have environmental or health concerns

Assess material scale-up issues for candidate materiel solutions.
Identify items that are sole or single sourced, fragile source, or available only from sources
outside the NTIB.

0 Assess the availability and lead time for of alternatives for obtaining such items from
within the NTIB

0 Conduct an analysis of any military vulnerability or gaps that could result from the lack
of reasonable alternatives.

Assess the effects on the NTIB that result from foreign acquisition of firms in the United
States.

Metrics

Assessment of material requirements, external dependencies, and availability for candidate
materiel solutions has been conducted and documented and identifies materials, special
alloys, composite materials, and components that are:

Developed in a lab environment, but are not immediately available
Readily available within near term (i.e., commodities)
Commercially available, but have long lead times

Readily available, but have environmental or health concerns

O O O O
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1065 e Assessment of material scale-up issues for candidate materiel solutions has been conducted
1066 and documented.

1067 e |tems that are sole or single sourced, fragile source, or available only from sources outside
1068 the NTIB have been identified and documented.

1069 o0 Awvailability and lead time for of alternatives for obtaining such items from within the
1070 NTIB have been identified and documented

1071 o0 Analysis of any military vulnerability or gaps that could result from the lack of

1072 reasonable alternatives has been completed and documented

1073 e Any domestic sources that are vulnerable to foreign acquisition have been identified and
1074 documented.

1075 Tools

1076 e Costand Lead Time Estimating Worksheet

1077 e Diminishing Manufacturing Sources and Material Sources (DMSMS) Product Life Cycle
1078 Assessment (Consult Defense Logistics Agency (DLA))

1079 e Industrial Base Assessment Survey Form DCMA Industrial Analysis Center

1080 ¢ MRL Assessment Questionnaire for Material Management thread

1081 e Market Research Reporting Template

1082 e Technology Readiness Level Assessment Checklist

1083 Resources

1084 e DMSMS Guidebook, SD-22, Sep 2009
1085 ¢ MRL Deskbook Version 2.5, 2016

1086 G.3 Understand Materials Supply Chain Requirements

1087  Manufacturing and Quality Tasks

1088 e Conduct an initial assessment of potential supply chain capability and capacity for candidate
1089 materiel solution approaches.

1090 e Recommend industry best practices to be followed for management of the materials supply
1091 chain for the concepts being considered.

1092 0 Include industry best practices for manufacturing and quality to be followed in the supply
1093 chain for the concepts being considered.

1094 e Recommend manufacturing and quality processes or standards for the procurement team to
1095 follow to provide a basis for the team to work together and add value.

1096 e Establish a threshold and objective requirements for flow down of realistic and attainable
1097 requirements for a new concept to the supply chain as appropriate.
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o ldentify realistic material estimates (time, material, manpower, etc.) to be provided to the
entire supply chain
0 Evaluate the flow down process for gaps throughout the entire supply chain

Metrics

Tools

An initial assessment of potential supply chain capability and capacity for candidate materiel
solution approaches has been conducted and documented.

Documentation of industry best practices for management of the materials supply chain for
the concepts being considered has been included in the AoA Study Guidance.

o0 Documentation includes recommendations for manufacturing and quality best practices
to be followed by the supply chain

Supplier management manufacturing and quality processes or standards based on industry
best practices have been flowed to the entire procurement team and documented in the AocA
Study Guidance.

Threshold and objective requirements for flow down of realistic and attainable requirements
for a new concept has been developed and documented.

0 Realistic material estimates (time, material, manpower, etc.) have been developed to be
provided to the entire supply chain.

o Gaps in the flow down process throughout the supply chain with recommended
alternatives have been documented.

Manufacturing Readiness Level (MRL) Assessment Questionnaire using materials thread
Supply Chain Management Risk Assessment Checklist

Resources

G.4

DoD Market Research Guide, May 2012

MRL Deskbook Version 2.5, 2016

DoD 4140.1-R, Supply Chain Management Regulation, May 2003
DoDM 4140.1, DoD Supply Chain Management Procedures, Feb 2014

Understand Special Requirements (e.g., Government-Furnished Property (GFP),
Shelf Life, Security, Hazardous Materials, Storage Environment)

Manufacturing and Quality Tasks

Identify the special requirements in the manufacturing processes which will be utilized to
build the candidate materiel solution approaches.

0 Hazardous materials and handling procedures
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Security requirements

Storage and shelf life

GFP, GFE (tooling, test equipment, ranges, chambers, etc.)
o Disposal

O O O

Identify potential regulatory requirements, handling concerns, transportation, etc. for
candidate materiel solution approaches.

Metrics

The special requirements in the manufacturing processes which will be utilized to build the
candidate materiel solution approaches have been identified and documented

Hazardous materials and handling

Security requirements

Storage and shelf life

GFP, GFE (tooling, test equipment, ranges, chambers, etc.)
Disposal

O O O o oo

Potential regulatory requirements, handling concerns, transportation, etc. for candidate
materiel solution approaches have been identified and documented.

Cyber Security Assessment

DMSMS Product Life Cycle Assessment

Hazardous Material Assessment Template

ISO 9001, Checklist Section 7.5.5, Preservation (Handling, Storage, Packaging and Delivery)
ITAR Compliance Checklist

Preliminary Hazard List (PHL) See PHA checklist

Shelf Life Calculator for Composite Materials

MRL Assessment Checklist for Material Management Thread

Resources

I1ISO 9001, Quality Management Systems

MRL Deskbook Version 2.5, 2016

ESOH in Acquisition Guide, Apr 2009

AS9100 Supply Chain Management (SCM) Model

H. PROCESS CAPABILITY AND CONTROL

H. Process Capability ‘
& Control

H.1 Investigate M&5
Capabilities

H.3 Develop Process

Process Maturity Yield & Rate Estimates

H.2 Investigate Mfz. ‘
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Advances in digital engineering; modeling and simulation (M&S) along with continual
improvements in computer performance have made it possible to perform comprehensive analysis of
virtual parts and to test and assess the capability of processes before actual manufacturing begins.
Through the use of solid modeling, finite element analysis, multi-paradigm numerical computing
environments, and simulation software analysis tools, users are able to simulate different conditions
that are likely to occur during manufacturing processes and model the behavior of systems under
real-world conditions. An understanding of the capabilities to model products and processes for each
of the concepts under consideration can be a valuable discriminator.

The goal of manufacturing and quality is to achieve uniform, defect-free products, and it is the job of
the manufacturing and quality team to reduce or eliminate the sources of variation and uncertainty to
meet this goal. For each concept being considered, a determination of the manufacturing processes
(possibly at a high level) will be completed. This assessment of manufacturing feasibility will include
the investigation of process maturity for similar manufacturing processes. Critical and key
manufacturing processes can also be identified during the assessment and analysis either through
M&S or experimentation.

The activities managing the concept and program offices must understand the “manufacturing
feasibility” (i.e., manufacturing risks) that are associated with each potential materiel solution. For
example, many managers are under the false perception that identical production facilities will
experience identical problems, this is almost always not the case. Another assumption that may also
be made is when a facility that has operated smoothly in one location, it will again operate smoothly
if moved to another location. Again, this is almost always not the case, even if the same workforce is
utilized; variability due to disassembly, movement, and reassembly will occur. A source of
information for these feasibility risks comes from the “lessons learned” data captured by contractors
as part of their systems to capture their overall capabilities, knowledge, and best manufacturing
practices. Incorporating lessons learned from investigations of similar manufacturing processes
maturity into the models and simulations may also increase fidelity of results and characterization of
the items being analyzed.

Most companies use M&S and other data analysis tools to help identify, analyze, and remove
bottlenecks in the production process, improve yields, reduce costs, and improve quality. By
collecting and analyzing the manufacturing and quality data, one is able to get a realistic picture of
the entire process. A process has three features: how much variation (spread), where (centering), and
shape (normal, skewed, bimodal, etc.). If processes are stable, then the process features, spread,
centering, and shape, will remain constant and predictable over time. If the process is unstable, then
these features will change, and the product output will become unpredictable. Data and information
from similar manufacturing processes, as well as M&S processes, should be utilized to develop
estimates of potential yields and rates of production of each concept under consideration as a
discriminator as to which has the greatest potential to meet manufacturing and quality requirements.
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H.1 Investigate Modeling and Simulation (Product and Process) Capabilities

Manufacturing and Quality Tasks

Investigate initial product and or process models in development for candidate materiel
solution approaches.

Investigate manufacturing concepts or producibility modeling and simulation needs of
candidate materiel solution approaches.

Identify modeling and simulation tools that make it possible to perform a comprehensive
analysis of virtual parts and to assess the capability of processes before actual manufacturing
begins.

Utilize modeling and simulation software to model the behavior of candidate materiel
solutions under simulated “real-world” conditions.

Establish requirements and data needs for the learning curve (cost improvement curve, or
experience curve).

Metrics

Tools

Initial product and or process models in development for candidate materiel solution
approaches have been identified, assessed, and documented.

Manufacturing concepts or producibility modeling and simulation needs of candidate
materiel solution approaches have been identified, assessed, and documented.

Modeling and simulation tools that make it possible to perform a comprehensive analysis of
virtual parts and to assess the capability of processes before actual manufacturing begins
have been identified, evaluated, and documented.

Identify and document the tools and simulation software being utilized to model the behavior
of candidate materiel solutions under simulated “real-world” conditions and the results (i.e.,
FEA).

Planned learning curve and data requirements (cost improvement curve, or experience curve)
have been developed and documented.

Solid modeling and analysis software programs (e.g., NX, CATIA, Pro-Engineer, Nastran
add-ins, etc.)

Process Modeling Tools (Siemens PLM, Delmia, etc.)

Plant Modeling and Simulation tools (FlexSim, SimFactory, etc.)

Learning Curve Analysis Spreadsheet

MRL Assessment Checklist for the Process Capability and Control Thread

Resources

Modeling and Simulation Guidance for the Acquisition Workforce, Oct 2008
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MRL Deskbook Version 2.5, 2016
Manufacturing Simulation Applications

Investigate Manufacturing Process Maturity

Manufacturing and Quality Tasks

Assess feasibility of similar materials and/or similar manufacturing process approaches, and
the projected gaps based on the data collected for each concept under consideration for the
AO0A Study Guidance.

Conduct a manufacturing feasibility assessment that identifies the manufacturing and quality
risks incurred for each concept under consideration, which should include:

O O O O

(0]
(0]
(0]

Metrics

Tools

Producibility of the potential design concepts

Critical and key manufacturing processes

Special tooling development required

Demonstration, test, and qualification required for new materials, to include items, parts
and components

Alternate design approaches within the individual concepts

Lessons learned from similar approaches

Anticipated manufacturing and quality risks and potential cost and schedule impacts

A feasibility assessment of similar material and/or similar manufacturing process approaches
for the AoA Study Guidance has been conducted and documented for each concept under
consideration.

(0}

Collect data and document the data results for the AoA Study Guidance

A feasibility assessment that identifies the manufacturing and quality risks incurred for each
concept under consideration has been conducted and documents the following:

O O O O

o O

Producibility of the potential concepts

Critical and key manufacturing processes

Special tooling development required

Demonstration, test, and qualification required for new materials, to include items, parts
and components

Alternate design approaches within the individual concepts

Lessons learned from similar approaches

Anticipated manufacturing and quality risks and potential cost and schedule impacts

Feasibility Study Checklist
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MRL Assessment using Process Capability and Control Thread
Process Capability Studies (Cp and Cpk assessment)
Producibility Assessment Worksheet (PAW)

Six Sigma Worksheet

First Pass Yield Estimates Worksheet

Resources

Producibility Systems Guidelines, NAVSO P-3687, Dec 1999

H.3 Develop Process Yield and Rate Estimates

Manufacturing and Quality Tasks

Develop and estimate yields and rates of candidate materiel solution approaches.

Conduct a manufacturing and quality study of existing processes and the need for new
processes for each concept under consideration to determine if the yield meets the
requirements.

Identify the sources of variations and plans to address for each concept under consideration.

Metrics

Estimated yields and rates for each candidate materiel solution approach have been
developed, evaluated, and documented.

A manufacturing and quality study of existing processes and the need for new processes, and
corresponding process yields to meet the requirements has been conducted and documented.
Sources of variations and plans to address have been identified and recommended actions to
be taken documented for each concept under consideration.

Cause and Effect Diagram

First Pass Yield Estimates Worksheet

Histograms

Pareto Analysis

Process Capability Study Worksheet (Cp and Cpk Assessment)
Six Sigma Worksheet

Resources

DoD-Wide Continuous Process Improvement (CPI/Lean Six Sigma) Program, may 2008
DoD Continuous Process Improvement Transformation Guide, May, 2006

Manufacturing and Quality Management Body of Knowledge
DRAFT - Coordination Copy — January 2018
41



1300

1301

1302
1303
1304
1305

1306
1307
1308
1309
1310
1311
1312

1313
1314
1315
1316
1317

1318
1319
1320
1321
1322
1323
1324
1325
1326

1327
1328
1329
1330
1331
1332

DRAFT

1. Pre-Materiel Development Decision (Pre-MDD)

. QUALITY MANAGEMENT

1.1 Quality Management
Requirements

1.3 Supplier Quality
Management Requirements

1. Quality ‘ ‘

1.2 Product Quality
Re-quirements

DoD has increased management focus on manufacturing and quality management during early
program phases. Quality is the degree to which material attributes, performance features, and
characteristics of a product satisfy a given need. Quality may apply to a product, process, or system
and may be physical, sensory, behavioral, temporal, ergonomic, or functional.

Quality management is the coordinated activities to direct and control an organization with regard to
quality policy, quality objectives, quality planning, quality assurance and quality improvement. The
quality of systems is significantly influenced by design and manufacturing processes and disciplines.
These activities are performed as part of the Quality Management System (QMS), which is that part
of the organization's management system that focuses on the results, in relation to the quality
objectives, to satisfy the needs, expectations and requirements. In turn, Quality Assurance is that part
of quality management focused on providing confidence that quality requirements will be fulfilled.

Quality management is an integral part of design and development efforts. QMS standards include
industry best practices such as 1SO 9001, Quality Management Systems—Requirements; and AS9100,
Quality Management Systems - Requirements for Aviation, Space and Defense Organizations,
Product Realization (clause 7) includes typical Systems Engineering tasks under sub-clause 7.3,
Design and Development. The typical systems engineering processes included in the QMS are:

e Design and Development Planning — SE Management, Failure Modes, Effects, and Criticality
Analysis (FMECA), System Safety, etc.

e Design and Development Inputs/Outputs — T&E, Reviews, and Audits.

e Design and Development Review, Verification and Validation.

e Control of Design and Development Changes — hardware and software Configuration
Management.

e Hardware and Software Configuration Management.

e Risk, Issue, and Opportunity Management.

e Corrective Action System.

DoDI 5000.02 guidance provides for manufacturing assessments through the entire acquisition cycle
and includes quality management and continuous improvement requirements. There are costs
associated with a manufacturing effort and meeting the quality levels required. These costs, to a great
degree, are inherent in and become essentially fixed as the design evolves. Given the objective of
minimizing cost, quality is a key element and needs to be instituted early, and is integral to planning
for the concepts being considered.
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The initial AS, developed in the next phase, will address the approach to quality, quality
management, and quality assurance. Consideration of these items and their impact on the quality
requirements should be an integral part of the in AoA Study Guidance and the final AoA.

I.1 Quality Management Requirements

Manufacturing and Quality Tasks

Specify the quality management requirements to be met by the contractor or government
entity as appropriate.

Evaluate each concept being considered and identify the capability to meet quality
management needs.

o0 Evaluate each concept being considered and identify the need for focused manufacturing
or quality plans (e.g., a program Quality Assurance Plan) to guide the approach.

o Evaluate each concept being considered and identify the need for a standalone
government manufacturing or quality assurance plan.

Understand the impact of technology and process state of the art on the concepts being
considered and the impacts on quality management.

Identify and understand potential solutions or systems that could address quality management
needs.

0 Identify and understand manufacturing and quality management lessons-learned and best
practices among programs and across centers

0 Assess and evaluate quality technologies that could assist on candidate materiel solution
programs

Identify potential solutions or systems to improve low-yield processes and components.
Establish quality management metrics for each of the concepts being considered

o Determine the frequency that the metrics should be reviewed, commensurate with
manufacturing and quality risks.

Evaluate potential QMSs for each of the concepts being considered.
0 The QMS should include:

= Management responsibility
» Resource management

= Quality System

= Contract Review

» Product Realization

= Design Control

= Document Control

= Purchasing
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= Purchaser-Supplied Product

= Product Identification and Traceability

= Process Control

= Measurement, Analysis, and Improvement

0 Assess QMS audit records for frequency, compliance, and responsiveness

Ensure quality and manufacturing requirements are included in contracts and in appropriate
agreements with other agencies, e.g., the DCMA.

Contact DCMA for input on QMS evaluation of potential contractors and suppliers for each
concept being considered.

Metrics

Document the quality management requirements to be met by the contractor or government
entity as appropriate for the AoA Study Guidance.

Analyze and document the capability to meet quality management needs for each concept
being considered, and

0 Analyze and document the need for focused manufacturing or quality plans (e.g., a
program Quality Assurance Plan) to guide the approach for each concept being
considered and provide as input to the AoA Study Guidance.

0 Analyze and document the need for a standalone government manufacturing or quality
assurance plan for each concept being considered and provide as input to the AoA Study
Guidance.

Document the impact of quality technology and process state of the art on the concepts being
considered and the impacts on quality management.

Identify and document potential solutions or systems to be included in the AoA Study
Guidance that could address quality management needs to include:

0 An assessment of manufacturing and quality management lessons-learned and best
practices among programs and across centers

0 An assessment of quality technologies that could assist on candidate solution programs

o Potential solutions to improve low-yield processes and components and lower variability
to meet quality management requirements

Identify and document quality management metrics for each of the concepts being considered

o The frequency that the metrics should be reviewed has been established, commensurate
with manufacturing and quality risks.

Assess, analyze and document for each concept being considered, the potential QMS for
inclusion in the AoA Study Guidance.

0 The QMS is established, based on industry best practices, and should include:
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= Management responsibility

= Resource management

= Quality System

= Contract Review

» Product Realization

= Design Control

= Document Control

= Purchasing

= Purchaser-Supplied Product

» Product Identification and Traceability
=  Process Control

= Measurement, Analysis, and Improvement

0 QMS audit records for frequency, compliance, and responsiveness

Quality and manufacturing requirements have been documented and included in contracts
and in appropriate agreements with other agencies, e.g., the DCMA.

DCMA inputs on evaluation of contractor’s and supplier’s QMS documented and
incorporated into QMS analysis for AoA Study Guidance.

AS9100 Quality Audit Checklist

Critical to Customer Assessment

Critical to Quality Tree

ISO 9001, Quality Management Systems, Quality Audit Checklist

Manufacturing Readiness Level (MRL) Assessment Questionnaire for the Quality Thread
Quality Management Plan (Sample)

Resources

1.2

AFMC Instruction 63-145 Manufacturing and Quality
AS9100 Quality Management System - Aerospace
DAG Chapter 14.3.1.3.6, Quality Plans

DoDI 5000.02

ISO 9001, Quality Management Systems

MRL Deskbook Version 2.5, 2016

Product Quality Requirements

Manufacturing and Quality Tasks

Evaluate product quality requirements for each concept being considered:
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1437 o ldentify product quality metrics and the frequency that the metrics should be reviewed,
1438 commensurate with manufacturing and quality risks.

1439 o ldentify the need for focused product quality requirements (i.e., specific product

1440 characteristics) to guide the approach.

1441 o ldentify the need for a standalone government product quality requirements.

1442 ¢ |dentify and understand potential solutions that could address product quality needs.

1443 0 Assess and evaluate quality technologies (e.g., metrology technologies) that could
1444 improve the candidate materiel solution’s product quality.

1445 o ldentify potential solutions to improve low-yield processes and components for each
1446 candidate materiel solution’s product quality.

1447 e Understand the impact of quality technology and process state of the art on the product
1448 quality requirements of the concepts being considered.

1449 e Contact DCMA for inputs on potential contractor and supplier quality performance against
1450 requirements for similar products or processes.

1451 Metrics

1452 e Analyze and document in the AoA Study Guidance for each concept being considered:

1453 0 Product quality requirements

1454 0 Product quality metrics and the frequency that the metrics should be reviewed,

1455 commensurate with manufacturing and quality risks that have been determined.

1456 o0 The need for focused product quality requirements (i.e., specific product characteristics)
1457 to guide the approach for each concept being considered and provide as input.

1458 0 The need for standalone government product quality requirements for each concept being
1459 considered and provide as input.

1460 ¢ |dentify and document potential solutions that could address product quality needs to include
1461 (but not limited to):

1462 0 An assessment of quality technologies that could assist on candidate solution programs
1463 o Potential solutions to improve low-yield processes and components and lower variability
1464 to meet product quality requirements

1465 e Document the impact of quality technology and process state of the art on the concepts being
1466 considered and the impacts on product quality requirements for the concepts being

1467 considered.

1468 ¢ Inputs on potential contractor and supplier quality performance against requirements for
1469 similar products or processes provided by DCMA are incorporated into analysis of potential
1470 contractors and suppliers for each concept being considered and provide as input to the AoA
1471 Study Guidance.
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Tools

e AS9100 Quality Audit Checklist

e Critical to Customer Assessment

e Critical to Quality Tree

e |SO 9001, Quality Management Systems, Quality Audit Checklist
e Quality Management Plan (Sample)

Resources

e AS9100

e DAG Chapter 14.3.1.3.6, Quality Plans
e DoDI 5000.02

e |SO 9001, Quality Management Systems

.3 Supplier Quality Management Requirements

Manufacturing and Quality Tasks

e Understand the impact of quality technology and process state of the art for the concepts
being considered and the impacts on the supply chain (i.e., supplier’s) quality management.
e Evaluate each concept being considered and identify supply chain quality management needs.

o Evaluate each concept being considered and identify the need for focused supplier quality
management requirements (e.g., a supplier Quality Assurance Plan) to guide the
approach.

o Evaluate each concept being considered and identify the need for a standalone
government supplier quality plan for the supply chain.

e Establish supply chain quality management metrics for each of the concepts being considered

0 Determine the frequency that the metrics should be reviewed, commensurate with
manufacturing and quality risks.

o |dentify and understand potential solutions, tools, and techniques that could address supplier
quality management requirements.

0 Assess and evaluate quality technologies (i.e., metrology technologies) that could
improve the candidate materiel solution’s supply chain programs.

o Identify potential solutions (e.g., materials, machines, training, etc.) to improve low-yield
processes and components and lower variability to meet supplier quality management
requirements for each candidate materiel solution.

e Contact DCMA for input on evaluation of potential supplier’s quality management (in the
lower supply chain) for each concept being considered.
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Ensure quality and manufacturing requirements are included in contracts of proposed
suppliers and in appropriate agreements with other agencies, e.g., the DCMA.

Metrics

Tools

Document the impact of quality technology and process state of the art on the concepts being
considered and the impacts on supply chain quality management.

Analyze and document supply chain quality management needs for each concept being
considered, and

0 Analyze and document the need for focused supplier quality management requirements
(e.g., a supplier Quality Assurance Plan) to guide the approach for each concept being
considered and provide as input to the AoA Study Guidance.

0 Analyze and document the need for a standalone government supplier quality plan for the
supply chain of each concept being considered and provide as input to the AoA Study
Guidance.

Analyze and document supply chain quality management metrics for each of the concepts
being considered

o0 The frequency that the metrics are reviewed has been established, commensurate with
manufacturing and quality risks.

Identify and document potential solutions, tools, and techniques that could address supplier
quality management needs to include (but not limited to):

0 An assessment of quality technologies (i.e., metrology technologies) that could assist on
candidate solution supply chain programs

o Potential solutions (e.g., materials, machines, training, etc.) to improve low-yield
processes and components and lower variability to meet supplier quality management
requirements

DCMA inputs on evaluation of potential supplier’s quality management (in the lower supply
chain) for each concept being considered documented and incorporated into analysis for AoA
Study Guidance.

Quality and manufacturing requirements have been documented and included in contracts of
proposed suppliers and in appropriate agreements with other agencies, e.g., DCMA.

AS9100 Quality Audit Checklist

Critical to Customer Assessment

Critical to Quality Tree

ISO 9001, Quality Management Systems, Quality Audit Checklist
Supplier Quality Questionnaire
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e Quality Management Plan (Sample)

Resources

e AS9100 Quality Management Systems

e DAG Chapter 14.3.1.3.6, Quality Plans
e DoDI 5000.02

e 1SO 9001, Quality Management Systems

J. MANUFACTURING WORKFORCE

1.1 Identify Mfg. Worddforce
Requirements

1. Mfg. Workforce

Manufacturing feasibility and industrial base analyses of the concepts being considered should
address the existing skills of the appropriate workforce. The manufacturing and quality workforce
has been ageing in recent decades, especially in many key defense sectors. Established
manufacturing capabilities are becoming high risks as skills, facilities, equipment, etc. atrophy.
Manufacturers have experienced a moderate to severe shortage of available, qualified production
workers; a moderate to severe skills shortage in their overall workforce; and anticipate these
shortages to grow worse in the coming years; and workforce shortages and skills deficiencies in
production roles are having a significant impact on their ability to expand operations or improve
productivity.

This trend is being addressed through increased emphasis on Science, Technology, Engineering and
Math (STEM) skills to improve the current capabilities and achieve the right levels of skills. Along
with education, training of personnel is key, as is having experience in the relevant areas of
management. The workforce needs to be continuously improved through training and experience.
The lessons learned show that manufacturing drives long-term economic prosperity and growth, and
is important to the DoD mission.

J.1 Identify Manufacturing Workforce (Engineering and Production) Requirements

Manufacturing and Quality Tasks

o |dentify new manufacturing and quality skills and training requirements for candidate
materiel solution approaches.

o |dentify planned personnel loadings to ensure that adequate numbers of people with the
required skills are made available for each candidate material solution approach

Define a profile of the required workforce

Identify workforce requirements, special skills and training requirements.
Identify sources of personnel and their potential availability

Plan for the acquisition and training of new personnel

O O O O
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Review appropriate workforce lessons learned to initiate development of tools and techniques
that can be used to establish a better manufacturing workforce strategy.

Understand new materials and technologies as they evolve and how the manufacturing and
quality workforce will address processing, testing, and acceptance of these materials

Identify potential regulatory requirements and special handling (e.g., hazardous materials,
environmental needs, storage requirements, etc.) impacts to the manufacturing workforce by
the candidate materiel solution approaches.

Metrics

New manufacturing skills for candidate materiel solution approaches have been identified
and documented.

Workforce requirements, including special skills and training requirements have been
identified, assessed, documented for the AoA Study Guidance, and includes:

0 Adequacy of the planned personnel loadings, ensuring that the required people with the
required skills are available

Profile of the workforce required

Workforce requirements, special skills, and training requirements

Sources of personnel with evidence of their potential availability have been determined
A plan for the acquisition and training of new personnel, which is approved by the
activity managing the concept or the program office

O O O ©O

Workforce Lessons Learned have been reviewed and documented with appropriate Lessons
Learned applied to development of tools and techniques for a better manufacturing workforce
strategy.

Impacts of new materials and technologies on the manufacturing and quality workforce has
been assessed and documented for each concept including impacts of processing, testing, and
acceptance of these materials and technologies.

Potential regulatory requirements and special handling (e.g., hazardous materials,
environmental needs, storage requirements, etc.) impacts to the manufacturing workforce for
each concept has been assessed and documented for the AoA Study Guidance.

Assembly Chart Analysis

Bottleneck Analysis (Theory of Constraints)
Capacity Planning Worksheet

Critical Chain Project Management
Forecasting and Regression Analysis
Learning Curve Estimator

Line of Balance Template

Manufacturing Resource Planning (MRPII)
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e MRL Assessment using Manufacturing Management Thread

¢ Route Sheet Analysis

e Shop Floor Manufacturing Plan Analysis

e SWOT Analysis (Strengths, Weaknesses, Opportunities and Threats)
e Work Measurement Analysis

e Workforce Planning Tools (SAP/Oracle/MRP II)

Resources

e MRL Deskbook Version 2.5, 2016
e Manufacturing Resource Planning (MRP 1)

K. FACILITIES

K.1 Evaluate Tooling/STE/SIE K.2 Identify Facilities
Requirements Requirements

K. Facilities ‘

During Pre-MDD phase, the proposed industrial and manufacturing facilities should be assessed for
resources needed by each concept being considered as a materiel solution. Assessment of facility
needs for concepts includes real property, factory capacity and storage, special handling and special
environmental requirements, storage and handling of hazardous materials, capital equipment,
manufacturing processes, tooling, and materiel transportation. Utilization of new materials and
technologies will often require concurrent development and procurement of new capital equipment,
test equipment and facilities, and development of new quality assurance procedures and equipment.
Use of test ranges and special test facilities should be listed and a notional schedule of when those
government assets will be needed. Many government facilities are becoming increasingly obsolete
and constantly undergoing consolidation. The manufacturing and quality representatives should also
identify any requirement for reconstitution or investment in government facilities, labs, ranges, etc.
for each concept being considered.

The facility includes the plant, production equipment, and waste handling and storage equipment
which is to be made available to accomplish the production task. In developing the facility plan, both
the quantitative and qualitative demands of the product must be considered. The quantitative analysis
will determine the size of the processing departments within the facility. This analysis should
consider the number of units to be delivered, and the rate of delivery. For example, the information
collected in the analysis will provide a measure of the work stations, plant layout, and the floor space
required. The qualitative analysis determines the types of processes which will be required. The
contractor then has the option of utilizing currently existing facilities, acquiring new facilities,
requesting government-furnished facilities (must be requested in the proposal), or subcontracting a
portion of the effort.
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Funding profiles for all of the aspects of each concept being considered must provide for up front
development of capital equipment, manufacturing processes, tooling, and verification that new
components can be produced at production rates. A top level schedule and target costs should be
developed. Development for each concept and installation of tooling, test equipment, and facilities
are necessary drivers of each concept’s costs and development schedule. The overall results of these
assessments, estimates, and evaluations should be included in the AoA Study Guidance.

K.1 Evaluate Tooling/Special Test and Inspection Equipment (STE/SIE) Requirements

Manufacturing and Quality Tasks

Identify new capital equipment and tooling required for new technology and material
manufacturing and quality processes for each concept being considered.

0 Assess new tooling requirements for capability to produce at planned production rates
and target unit costs

0 Assess needs for soft tooling vs. hard tooling for facility and funding impacts

0 Assess supplier and sub-tier capabilities and investment incentives

0 Assess the funding requirements and develop appropriate funding profiles

Evaluate each concept being considered to include alternative designs for GFE/STE/SIE

0 Assess the requirements for GFE/STE/SIE
0 Assess the capabilities of GFE/STE/SIE to meet needs

Identify requirements for unique or special transportation, handling, and storage equipment to
be manufactured for each candidate materiel solution.

Identify the funding required for capital equipment, manufacturing and quality processes,
tooling, and test equipment for each concept being considered.

Metrics

New manufacturing and quality processes requiring capital equipment and/or tooling for new
technology and materials have been identified and documented.

o Capital equipment and tooling requirements have been documented for inclusion in the
funding profiles

o Capital equipment and tooling have been assessed for the capability to produce at
planned production rates and target unit costs and results documented

Each concept being considered including alternative designs has been assessed for STE/SIE

0 The requirements for STE/SIE have been evaluated and documented
0 The capabilities of STE/SIE to meet needs have been evaluated and documented
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Requirements for unique or special transportation, handling, and storage equipment to be
manufactured for each candidate materiel solution have been identified and included in the
A0A Study Guidance.

Funding required for capital equipment, manufacturing and quality processes, tooling, and
test equipment for each concept being considered has been estimated and documented for the
A0A Study Guidance.

Bottleneck Analysis (Theory of Constraints)
Critical Chain Project Management
Manufacturing Resource Planning (MRPII)
MRL Assessment using Facilities Thread

Resources

K.2

MRL Deskbook Version 2.5, 2016
Manufacturing Resource Planning (MRP 1)

Identify Facilities Requirements

Manufacturing and Quality Tasks

Identify the facilities and capital equipment required by each of the concepts being
considered
Identify the quantitative and qualitative demands of the each of the concepts being
considered

o ldentify the availability, design, rate and capacity capabilities of the facilities under
consideration (existing, new, or redeveloped)

o Identify the types of processes required and the resulting impacts on facilities by each of
the concepts being considered (e.g., specialized fixtures, test chambers, laboratories,
clean rooms, waste storage and disposal, etc.)

o ldentify the unique or special facility requirements for transportation, handling, and
storage equipment being manufactured for each candidate materiel solution

Identify the funding required for facilities and capital equipment for each concept being
considered.

Metrics

The facilities and capital equipment required by each of the concepts being considered has
been identified and documented.
The quantitative and qualitative demands of the each of the concepts being considered has
been identified and documented
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o0 The availability, design, rate and capacity capabilities of the facilities under consideration
(existing, new, or redeveloped) have been evaluated and documented

0 The types of processes required and the resulting impacts on facilities by each of the
concepts being considered (e.g., specialized fixtures, test chambers, laboratories, clean
rooms, waste storage and disposal, etc.) have been evaluated and documented

o Unique or special facility requirements for transportation, handling, and storage
equipment being manufactured for each candidate materiel solution have been identified
and documented

e Funding required for facilities and capital equipment for each concept being considered has
been estimated and documented for the AoA Study Guidance.

o Bottleneck Analysis (Theory of Constraints)

e Critical Chain Project Management

e Manufacturing Resource Planning (MRPII)

o MRL Assessment using Facilities Thread

e Manufacturing Resource Planning (MRP 1)

e MRL Assessment using Facilities Thread

¢ Plant Design and Facility Layout Software Evaluation Tools

Resources

e MRL Deskbook Version 2.5, 2016
e Manufacturing Resource Planning (MRP I1)

L. MANUFACTURING MANAGEMENT AND CONTROL

L.1 Manufacturing
Management Requirements

L.2 Understand Mfg. Planning &

L. Manufacturing
‘ ‘ Scheduling Requirements

Management &
Control

Programs with any manufacturing aspects will require a manufacturing management system. The
timely development, production, modification, fielding, and sustainment of affordable products by
managing manufacturing risks and issues throughout the program lifecycle will only be met by a
comprehensive system. Meeting this objective is best accomplished by including best practices and
standards (i.e., AS6500, Manufacturing Management Program) in the contracts with industry.

Beginning in this phase, the activities managing the concept (or program office) should begin the
planning for manufacturing management and control of the concepts under consideration. This
planning will be evolving and should be updated during the subsequent acquisition phases. The
purpose of manufacturing planning is the identification of resources and integration into a structure
that provides the capability to achieve production objectives. Manufacturing planning should include:
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Manufacturing requirements in contracts and in appropriate agreements with other agencies
(e.g., DCMA)

Manufacturing assessments to support program Milestone decision points and major design
reviews

Manufacturing metrics and reviews at a frequency commensurate with manufacturing risks

L.1 Manufacturing Management Requirements

Manufacturing and Quality Tasks

Identify the manufacturing management system requirements (i.e., AS6500) to be met by the
contractor or government entity during subsequent phases as appropriate in the areas of:

o Design analysis for manufacturing

0 Manufacturing risk identification

0 Manufacturing planning

0 Manufacturing operations management

Evaluate each concept being considered and identify the capability to meet manufacturing
management needs.

o0 Evaluate each concept being considered and identify the need for focused manufacturing
or quality plans (e.g., a program Manufacturing Management Plan) to guide the approach.

o Evaluate each concept being considered and identify the need for a standalone
government manufacturing or quality assurance plan.

Understand the impact of technology and process state of the art on the concepts being
considered and the impacts on manufacturing management.

Identify and understand potential sources that could address manufacturing management
needs.

0 Identify and understand manufacturing and quality management lessons-learned and best
practices among programs and across centers

0 Assess and evaluate manufacturing technologies that could assist on candidate materiel
solution programs.

Establish manufacturing management metrics for each of the concepts being considered

0 Determine the frequency that the metrics should be reviewed, commensurate with
manufacturing and quality risks.

Contact DCMA for input on manufacturing management system evaluation of potential
contractor and suppliers for each concept being considered.
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Metrics

Tools

The manufacturing management requirements (i.e., AS6500) to be met by the contractor or
government entity as appropriate have been identified and documented.

Each concept being considered has been evaluated and the capability to meet manufacturing
management needs has been identified and documented.

o Each concept being considered has been evaluated and the need for focused
manufacturing plans (e.g., a program Manufacturing Management Plan) to guide the
approach identified

0 Each concept being considered has been evaluated and the need for a standalone
government manufacturing plan identified

The impact of technology and process state of the art on the concepts being considered and
the impacts on manufacturing management have been evaluated and documented.
Potential sources that could address manufacturing management needs are understood and
documented.

0 Manufacturing and quality management lessons-learned and best practices among
programs and across centers have been evaluated, are understood, and documented

0 Manufacturing technologies that could assist on candidate materiel solution programs
have been assessed and documented.

Manufacturing management metrics for each of the concepts being considered have been
established and documented.

0 The frequency that the metrics should be reviewed, commensurate with manufacturing
and quality risks, has been determined.

Potential manufacturing management systems (i.e., AS6500) to be used in subsequent phases
for each of the concepts being considered have been identified and documented.

0 The manufacturing management program should include:

= Manufacturing management system

= Design analysis for manufacturing

= Manufacturing risk identification

» Manufacturing planning

= Manufacturing operations management

Availability of DCMA personnel has been determined for input on manufacturing
management systems of potential contractors and suppliers for each concept being considered
with inputs collected and documented.

MRL Assessment Questionnaire using Manufacturing Management and Control Thread
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e Manufacturing Resource Planning (MRP 1)

Resources

e AS6500, Manufacturing Management Program
e MRL Deskbook Version 2.5, 2016
e Manufacturing Resource Planning (MRP 11)

L.2 Understand Manufacturing Planning and Scheduling Requirements

Manufacturing and Quality Tasks

¢ Initiate planning for each candidate materiel solution approach to include, as a minimum:

(0]
(0]
(0]

Description of the manufacturing and quality organization

Describe the make or buy plan

Description and initial identification of resources and manufacturing and quality
capabilities

Identification of manufacturing and quality data requirements for facilities, processing,
and scheduling

e Evaluate the overall manufacturing feasibility analysis for inputs to planning and scheduling.
The analysis should have included:

O O O o0 O 0o

Producibility

Critical and key manufacturing and quality processes

Special tooling requirements

Test and demonstration requirements for new materials and processes

Alternate design approaches

Anticipated manufacturing and quality risks and potential cost impacts and identify the
needed actions to be incorporated into the initial manufacturing and quality plan.

e Ensure manufacturing planning addresses transition considerations that may be impacted by:

O 0O 0O o oo

Metrics

Funding constraints and phasing of money

Design considerations, goals and risks

Test and evaluation methods and approaches along with success criteria
Production processes, methods, workforce, facilities, equipment and capabilities
Life cycle logistics and sustainment criteria, approach and goals

Management approach to transition risks

¢ Inputs to be included in the AoA Study Guidance for the initial manufacturing and quality
plan document the following:

Manufacturing and Quality Management Body of Knowledge
DRAFT - Coordination Copy — January 2018
57



1842
1843
1844
1845
1846
1847
1848

1849
1850
1851

1852
1853
1854
1855
1856
1857

1858
1859

1860
1861
1862
1863
1864
1865

1866

1867
1868
1869
1870
1871
1872
1873

1874

1875
1876
1877

DRAFT

1. Pre-Materiel Development Decision (Pre-MDD)

0 A description of the type of manufacturing and quality organization that could produce
the concept

0 General parameters for a make or buy plan

0 A description of the type of resources and manufacturing and quality capabilities needed
for the concepts being considered

0 Manufacturing and quality planning data for the quantitative and qualitative demands of
the facilities and capital equipment required by each of the concepts being considered

e Appropriate initial manufacturing and quality planning inputs are documented from overall
feasibility analysis. These planning and scheduling inputs will include requirements from the
evaluations of:

Producibility

Critical and key manufacturing and quality processes
Special tooling

Test and demonstration of new materials and processes
Alternate design approaches within each concept

Potential manufacturing and quality risks and costs impacts

O O 0O o o oo

¢ Initial Manufacturing and quality planning documents, in AoA Study Guidance, address
transition considerations that may be impacted by:

Funding constraints and phasing of money

Design considerations, goals and risks

Test and evaluation methods and approaches along with success criteria
Production processes, methods, workforce, facilities, equipment and capabilities
Life cycle logistics and sustainment criteria, approach and goals

Management approach to transition risks

O O 0o oo

Tools

o Assembly Chart

e Line of Balance Assessment

e MRL Assessment Questionnaire using Manufacturing Management and Control Thread
e Operations Process Chart

e Route Sheet

e Work Breakdown Structure

e Manufacturing Resource Planning (MRP I1)

Resources

e AS6500, Manufacturing Management Program
e MRL Deskbook Version 2.5, 2016
e Manufacturing Resource Planning (MRP 11)
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L.3 Understand Materials Planning Requirements

Manufacturing and Quality Tasks

Understand feasibility and quality of materials to be used for each candidate materiel solution
approach.

0 Understand the maturity (technical and characterization) of material sources, essential
raw materials, special alloys, composite materials, etc.
0 Understand alternatives to preferred materials for each candidate materiel solution

Understanding of all aspects of tasks in materiel availability (See Section G.2)

0 Understand of quality, processing, ageing, handling, and transit times, etc. as an impact to
lead times to include alternative materials

o0 Evaluate and assess source considerations such as quality, fragility, sole source, domestic
vs. foreign, etc. for the AoA Study Guidance and MDD processes

0 The military vulnerability that could result from the lack of alternatives

Metrics

Tools

Analyze and document the feasibility of materials and alternative materials to be used for
each candidate materiel solution.

Analyze the maturity both technical and characterization of material sources, essential raw
materials, special alloys, composite materials, etc. and document for the AoA Study
Guidance

Analysis of materials availability tasks documents the impact of quality, processing, ageing,
handling, and transit times, etc. to lead times including alternative materials

Assessment and evaluations of source considerations for quality, fragility, sole source,
domestic vs. foreign, etc. are documented and included in the AoA Study Guidance and
MDD processes

0 The above assessment includes the military vulnerability that could result from the lack
of alternatives

MRL Assessment Questionnaire using Manufacturing Management Thread
Production Plan (schedule)

Bill of Material Assessment

Make/Buy Decision

Parts List
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Resources

AS6500, MANUFACTURING MANAGEMENT PROGRAM
MRL Deskbook Version 2.5, 2016
Manufacturing Resource Planning (MRP 1)
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Materiel Solution Analysis (MSA) Phase

Introduction

As stated in Department of Defense Instruction (DoDI) 5000.02, Operation of the Defense
Acquisition System, the purpose of MSA phase is to “conduct the analysis and other activities
needed to choose the concept for the product that will be acquired . . .” This phase culminates in a
risk reduction decision, Milestone A, which is an investment decision to pursue specific product or
design concept, and to commit the resources required to mature technology and/or reduce any risks
that must be mitigated prior to decisions committing the resources for development. This phase also
is an opportunity for manufacturing and quality to influence chosen system design by balancing
requirements against producibility, manufacturability, quality, and affordability. To support the MSA
phase and the Milestone Decision Authority (MDA) decision process, manufacturing and quality
should perform and/or support activities during the phase including:

Conduct and complete the Analysis of Alternatives (AoA) with manufacturing and quality
inputs needed to enable selection of a preferred materiel solution

Translate validated Key Performance Parameters (KPP) and Key System Attributes (KSA)
into Key Characteristics (KC) for manufacturing and quality

Conducting manufacturing and quality key trades for feasibility and affordability analyses,
risks, issues, and opportunities analyses, and plan for mitigations that impact cost, schedule,
and performance

Develop manufacturing and quality goals for any needed development of critical enabling
technologies

Translate the Initial Capabilities Document (ICD) with manufacturing and quality validation
and verification analyses results into a draft Capability Development Document (CDD)
Initiation of the Test and Evaluation Master Plan (TEMP), the Systems Engineering Plan
(SEP), and the Acquisition Strategy (AS) with inclusion of manufacturing and quality
requirements

Figure 2-1 shows the manufacturing and quality management activities typical of the MSA phase.
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MDD ADM

A.1 Support conduct]
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Input to AS

A.3Input to
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A.4 Support Program | |

A. DoD Acq. System Mgmt. Reviews

B.1Provide Input to
TMRR RFP

B.2 Provide Inputs to
TMRR SSP

B.3 Identify Potential TMIRR
Award Fee Criteria

B. Defense
Contracting System

C.1 Utilize DCMA data
for AcA

C.2. Utilize DCMA data for
Program Management
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Industrial Base (IB) Assessment and Analysis and Limitations R e ManTech Projects Mitigation
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E.2 Participate E.3 Initial Producibility E.4 Identify Key
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Quality Cost Drivers Model M&Q Budget
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Management Characteristics and Maturity Materials Risk
H. Process H.1 Identify Required H.2 Initiate Process

Process Capability Capability Studies

Capability/Control

. " 0 1.3 Supply Chain Quality
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J.1 Update Manufacturing and
Quality Workforce Requirements

.2 Manufacturing and Quality)|
Workforce Planning

J. Mfg. Workforce
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K.2 Facilities and
Tooling Planning

L.2 Develop Initial Mfg.

L. Manufacturing i
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F. Cost/Funding |
Mgmt./Control |

L.1 Update Manufacturing
Management Requirements

Figure 2-1. MSA Phase Manufacturing and Quality Activities
Phase Description

In conducting and completing the AoA, the various alternative solutions are analyzed for key trades
among affordability analyses, risk analyses, and planning for risk mitigations that impact cost,
schedule, and performance. It is the role of manufacturing and quality to provide inputs to the AoA
process with respect to feasibility and industrial base (IB) analyses, performed as part of the AocA
Study Guidance, the validated ICD, and the AoA Study Plan, which guide the AoA and MSA phase
activities. The analyses focus on identification and analysis of alternatives; measures of
effectiveness; key trades between cost and capability; life-cycle cost, including sustainment;
schedule; concepts of operations; and overall risk. The AoA will include affordability analyses, cost
analyses, early systems engineering analyses, threat projections, and market research. Minimum
funding required for this phase includes all funding and staffing plans for the AoA and the
engineering analysis and planning for the next milestone including the milestone certification
requirements.

The AoA will address the manufacturing and quality feasibility and technology maturity of the
proposed alternatives including the risks, issues, and opportunities associated with varying
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production rates; 1B health and needs; manufacturing technology research; facilities and tooling,
special test equipment, and special inspection equipment; manufacturing skill sets; and maturity of
new materials and novel processing methods.

Prior to the completion of this phase, the DoD Component combat developer will prepare a Concept
of Operations/Operational Mode Summary/Mission Profile (CONOPS/OMS/MP) that will include
the operational tasks, events, durations, frequency, operating conditions and environment in which
the recommended materiel solution is to perform each mission and each phase of a mission. The
Systems Engineering (SE) IPT uses the outputs of the CONOPS/OMS/MP to identify and validate
capability gaps and risks, and translate these into system-specific requirements. These KPPs and
KSAs are translated by manufacturing and quality into identified system, product, and component
manufacturing and quality KCs. In addition, these outputs are utilized to provide manufacturing and
quality inputs to the AS, TEMP, and SEP, and ultimately the Milestone A decision. During the MSA
phase, the Component Acquisition Executive (CAE) will select a Program Manager (PM) and
establish a program office to complete the necessary actions associated with planning the acquisition
program with emphasis on the next phase.

The MSA phase ends when a DoD Component has completed the necessary analysis and the
activities necessary to support a decision to proceed to an acquisition phase. The next phase can be
Technology Maturation and Risk Reduction (TMRR), Engineering and Manufacturing Development
(EMD), or Production and Deployment (P&D), depending on the actions needed to mature the
product being acquired. Each of these phases has associated decision points to authorize entry.

A. DOD ACQUISITION SYSTEM

y
< MDD Draft CDD - ]\;5
Validated 1CD N T~ SEP {_MRA }
AoA Guidance |-~ - et
4 b TEMP
AoA Study Plan [, TR foA ASR
MDDADM | “=-mee”
.1 Support conduct| A.2 Provide M&0Q, A3 Input to A.4 Support Progmam
A. DoD Acg. System ofthe AcA Updates to AS SEP Mgmt. Reviews

During the MSA phase, trade studies are conducted to identify materiel solutions and address gaps in
capability based on an AoA. At the close of the AoA, a program office is assigned ownership of the
approach. At this point, program management establishes the appropriate Integrated Product Team
(IPT) structure to support program execution. The IPT conducts systems engineering analysis to
support the development of the AS, the SEP, and the draft CDD. The MSA phase also provides the
opportunity to influence system design and plan for production by evaluating technology
opportunities and current practices against cost, schedule, and performance. The intent is to reduce
technical risk, validate designs, validate cost estimates, evaluate manufacturing processes, and refine
requirements. The PM will ensure manufacturing, quality, and producibility risks are identified and
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managed throughout the program life cycle. Assessments of manufacturing and quality readiness,
risks, and mitigation plans will be developed and documented in the SEP and the AS.

Analysis of Alternatives (AoA)

From a manufacturing and quality perspective during the AoA, each competing alternative under
consideration is analyzed for its impact to industrial and manufacturing capabilities. The analysis
uses the IB assessments performed previously to determine the likelihood that a proposed solution
can be produced using existing manufacturing capabilities while meeting quality, rate, cost, and
schedule requirements. The AoA also identifies new or high-risk manufacturing capability or
capacity requirements, if they are needed. The AoA should also identify critical technologies and the
associated manufacturing process areas in each alternative requiring risk-reduction efforts. The
results of the analyses are used to quantify the differences between alternatives and select a preferred
solution. At the close of the AoA, the program office takes ownership of the approach and conducts
additional engineering analyses to support the development of the Acquisition Strategy and the SEP.

Acquisition Strategy (AS)

Early systems engineering provides the foundation for the development of the AS. It is based on
engineering analyses, trade studies, and preliminary system functional and performance requirements
to meet a capability need. Critical thinking is required for an evaluation that focuses on determining
the correct requirements, and rigorously and objectively considers the risks, issues, and opportunities.
This requires an Acquisition Strategy that addresses all of the following program objectives:

e The likely outcome is worth the investment in both resources (real costs) and schedule
(opportunity costs)

e The end item meets required performance objectives

o Allrisks, issues, and opportunities are identified, managed, and mitigated to an acceptable
level

e The business strategy effectively executes the program

In addition, an Acquisition Strategy should emphasize and provide incentives for the important
aspects of the program. The Acquisition Strategy should include:

e A market analysis and associated acquisition planning

e An assessment of the IB to support design, development, production, sustainment, or restart
of an acquisition program

e An assessment of manufacturing feasibility (to answer the question “Can you build it?”

¢ An initial manufacturing and quality strategy

The initial manufacturing and quality strategy as an integral part of the overall Acquisition Strategy
should include considerations such as:
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e Competition — Competition can be a major contributor to reducing weapon system costs,
however, can also be a major contributor to manufacturing and quality complexity and must
be carefully planned.

¢ New manufacturing technologies — If required by the system concept, new manufacturing
technologies will require specific plans for development, proofing, and transition of the
technology to the eventual producer.

¢ Production rates and quantities — These can also play a major role in driving manufacturing
cost as they will drive decisions on what production processes to use, types of tooling
required, make-buy decisions, etc.

e Materials sourcing — Sources that are sole, single, fragile, or foreign sources, and those
domestic sources that are vulnerable to foreign acquisition introduce risks to manufacturing.

e Contracting strategies — Strategies should include manufacturing and quality technologies,
facilities, investment incentives, risk mitigation efforts, etc.

Other manufacturing and quality considerations that should be addressed in the manufacturing and
quality strategy as part of the AS:

e The Acquisition Strategy should highlight how risk areas will be addressed and minimized in
the TMRR phase, on the path to full manufacturing capability in the P&D phase.

e The Acquisition Strategy should highlight how new manufacturing capabilities with a
beneficial impact to the program will be addressed.

e The Acquisition Strategy should summarize the technical or manufacturing risks associated
with the program, and identify any critical technologies or manufacturing processes that need
to be matured and demonstrated in a manufacturing-relevant environment during the TMRR
phase.

Systems Engineering Plan (SEP)

Manufacturing and quality input to critical systems engineering processes and functions is essential
to ensure that programs deliver capabilities on time and on budget. The effective execution of MSA
efforts provides a feasible, producible, and effective solution that satisfies user requirements. The
intent is to reduce manufacturing and quality risks, validate designs, validate cost estimates, evaluate
manufacturing processes, and refine requirements. Per DoDI 5000.02, “Program Managers will
prepare a SEP as a management tool to guide the systems engineering activities on the program. The
SEP will be submitted for approval for each milestone review, beginning with Milestone A.” At each
milestone and at the Development Request for Proposal (RFP) Release Decision Point,
manufacturing and quality will support the Acquisition Strategy and SEP, including input for
interdependencies, and overall manufacturing approach to balance system performance, life-cycle
costs, and risks. The SEP should include:

e Description of the program overall technical approach, including manufacturing and quality
inputs for key risks, processes, resources, organization, metrics, and design considerations
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o Details of the timing and manufacturing and quality criteria for the conduct of technical
reviews

o Details for manufacturing and quality planning in order to provide effective management and
control of the progress and the execution of risk mitigation activities

e Plans for addressing manufacturing and quality integration with existing and approved
architectures and capabilities

¢ Identification of manufacturing and quality risks from external dependencies (outside the
span of control)

e Guidance on the manufacturing and quality details in the program schedule with
documentation of the planning

Finally, the SEP should be included in the RFP with an approved plan or a draft plan as either
guidance or a compliance document and will be synchronized with the AS.

Program Management Reviews

Management reviews are a major part of the systems engineering process and are conducted by
members of the IPT. Reviews serve to confirm:

e Major systems engineering efforts have been conducted and completed
e The program is ready to proceed to the next major schedule event

Technical reviews are also an important tool for program management, independent assessors, and
subject matter experts including manufacturing and quality, to identify and evaluate risks early and
throughout the program. If conducted in conjunction with the Materiel Development Decision
(MDD), manufacturing and quality should support the Initial Technical Review (ITR), which should
assess the draft ICD, the AoA Study Guidance, and preliminary CONOPS for manufacturing and
quality analyses of the materiel solution alternatives. Support of the ITR will provide detailed
manufacturing and quality information and understanding of each concept or alternative for:

e Engineering trades
e Development of a Cost Analysis Requirements Description (CARD)
e Cost drivers, material, and process risks

The primary review during MSA is the Alternative Systems Review (ASR), which is conducted by
the program office prior to the Milestone A decision and entry into TMRR phase. The ASR assesses
the preferred materiel solution to ensure it has the potential to be affordable, producible,
operationally effective, and suitable, and can be developed to provide a timely solution to a need at
an acceptable level of risk. The ASR helps ensure that sufficient effort has been given to conducting
trade studies that consider and incorporate alternative system designs, manufacturing and quality
alternatives, and other technical considerations. The technical understanding, assessed at the ASR, is
sufficient and rigorous enough to support a valid cost estimate (CARD, or CARD-like Document).

Manufacturing and Quality Management Body of Knowledge
DRAFT - Coordination Copy — January 2018
66



183

184

185
186

187
188

189
190

191
192
193

194
195
196
197

198

199
200

201
202
203
204
205
206
207
208
209
210

211

212
213

214
215
216

DRAFT
2. Materiel Solution Analysis (MSA) Phase

A.1 Support Conduct of the AoA

Manufacturing and Quality Tasks

Provide analyses of the manufacturing and quality requirements and feasibility contained in
the draft ICD, the AoA Study Guidance, and the preliminary CONOPS for the AoA.

0 Analyses should verify adequacy, relevance, and completeness
0 Analyses should identify and quantify manufacturing and quality risks

Ensure 1B assessments and market analyses are updated for concepts included in the AoA
(conduct if not previously accomplished).

o B analyses should illustrate the differences between alternatives based on the industrial
and manufacturing capabilities and the required resources during the AoA
0 Manufacturing feasibility should answer the question “Can you build it?”

Ensure assessments of manufacturing feasibility for the AoA preferred concepts are up-to-
date including engineering trade studies, early prototypes, models or data, and the industrial
capabilities required to design, develop, manufacture, and maintain each (conduct if not
previously accomplished).

0 ldentify manufacturing and quality risks

= Include materials, processes, and technology
= |dentify new or high-risk manufacturing processes or capacity requirements

o ldentify manufacturing, quality, materials, and unique requirements that are cost drivers
for the AoA

o0 Ensure the phase-by-phase requirements for manufacturing and quality skills and training
are updated for the AoA preferred materiel solutions

o Ensure the facilities and capital equipment requirements for each AoA preferred concept
are updated

o Ensure that each AoA preferred concept includes and is analyzed for quality management
requirements

o0 Ensure each AoA preferred concept includes and is analyzed for manufacturing
management requirements

Metrics

Analyses of the manufacturing and quality requirements and feasibility for were conducted
and the results included in the AoA.

0 Analyses addressed, quantified, and documented adequacy, relevance, and completeness
of manufacturing and quality risks
0 Assessments of IB and market analyses have been updated and include:
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= The preferred concepts for the AoA, trade studies, early prototypes, models or data,
and the industrial capabilities required to design, develop, manufacture, and
maintain each

= Quantification of the differences between alternatives based on the industrial and
manufacturing capabilities and the required resources

0 Manufacturing feasibility analyses specifically addressed and answered the question
“Can you build it?”

Assessments of manufacturing feasibility for the AoA preferred concepts are updated and
include:

o0 Manufacturing and quality risks for materials, processes, and technology identified and
documented

0 Analyses that identified and documented new or high-risk manufacturing processes or
capacity requirements

0 Manufacturing, quality, materials, and unique requirements that are cost drivers identified
and specified for the AocA

o0 Manufacturing and quality skills requirements (phase by phase) for training updated and
documented for the AoA preferred solutions

o Facilities and capital equipment requirements for the preferred concepts updated and
documented

o Preferred concept analyses for quality management and manufacturing management
requirements are documented

Acquisition Decision Memorandum (MDD) Template

Acquisition Strategy (AS) Outline

AS6500 Manufacturing Management Program Checklist

ISO 9000 Quality Management System Checklist

AS9100 Quality Management System Checklist

Alternative System Review Checklist

AO0A Study Plan Template, Sep 2009

Industrial Base Assessment Survey Form DCMA Industrial Analysis Center
Manufacturing Feasibility Assessment Checklist (no specific tool found)
Manufacturing Readiness Level MRL) Assessment (Questionnaire
Market Research Reporting Template

Multi-Attribute Tradespace Exploration (MATE)

Pugh Matrix Template

Quiality Function Deployment or House of Quality Matrix

Quality Function Deployment Excel Spreadsheet

Requirements Traceability Matrix Template

Requirements Verification Matrix
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Tailoring Worksheet for Materiel Solution Analysis Phase
Technology Readiness Level (TRL) Assessment Checklist
TRIZ Matrix

Resources

Air Force AoA Guide, June 2013

Air Force AoA Handbook, July 2008

AS6500, Manufacturing Management Program, Nov 2014

ISO 9000:2015, Quality Management Systems, Sep 2015

AS9100, Quality Management Systems, Sep 2016

Defense Acquisition Guidebook (DAG), Chapter 3-3.3.1 Alternative System Review
DoDI 5000.02, Change 1, Jan 2017

DoDI 5000.60, Defense Industrial Capabilities Assessments, Oct 2009

DoD 5000.60H, Assessing Defense Industrial Capabilities, Apr 1996

DoD Market Research Guide May 2012

DSMC Acquisition Strategy Guide, Dec 1999

MRL Deskbook Version 2016

National Defense Authorization Act for FY 2017 (PL 114-328 Sect. 807) (assigns program
cost and fielding targets and to conduct independent technical risk assessments)
MDD Analysis Handbook, July 2010

Quality Function Deployment, Akao 2004

Requirements Traceability Matrix Guide, Jan 2012

Technology Readiness Assessment Guidance, Apr 2011

A.2 Provide Manufacturing and Quality Input to the Acquisition Strategy

Manufacturing and Quality Tasks

Provide a summary of an updated manufacturing and quality 1B capability analysis for the
AS, as required by DoDI 5000.02.

o Provide inputs on the capability of the IB to design, develop, produce, support, and restart
the acquisition program, if appropriate

o Provide inputs on IB capabilities, fragility, gaps, and risks for the Acquisition Strategy
(e.g., key technologies, processes, components, etc.)

o Provide the impacts and interdependencies of this acquisition on the National Technology
Industrial Base (NTIB) and the analyses used to make this determination

o0 Summarize manufacturing and quality impacts, how they will be managed, and the plan
for future assessment, including frequency

o Provide inputs for the government strategy and actions necessary to preserve the 1B
capabilities (e.g., incentivizing the contractor to support IB capability preservation,
ManTech/Title Il initiatives, etc.)
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Develop and provide a Manufacturing Strategy and a Quality Strategy to address the question
“Can you build it?” The strategy should support the AS development and include
considerations of:

Comepetition and contracting strategies

New manufacturing technologies

Design (feasibility, producibility, KCs, risks, etc.)

Materials (characteristics, sourcing, risks, etc.)

Process, rates, and quantities (capabilities, control, risks, etc.)

Facilities, tooling, and workforce (including government-furnished equipment (GFE),
government-furnished information (GFI), special test equipment (STE), special
inspection equipment (SIE), special requirements, etc.)

o0 Management (quality, manufacturing, supply chain, risks, etc.)

O OO0 O 0O

Based on IB capabilities analyses, provide manufacturing and quality inputs to Acquisition
Strategy contracting strategy to support selection of a competitive award, a sole source
award, or multiple source development (with down select for production contract) as the best
course of action.

o Include manufacturing and quality metrics to differentiate the value of each contract type
to include performance, capacity, functional, economic, etc.

o0 Include impacts on IB capabilities and risks that may result from different contract types
(firm fixed price (FFP), fixed price incentive fee (FPIF), cost plus fixed fee (CPFF), etc.)

o Determine prototyping approach for TMRR, either competitive, single, or prototyping of
critical subsystems (statutory requirement for Major Defense Acquisition Program
(MDAP) AS, regulatory requirement for all other programs)

Develop manufacturing and quality inputs to the Acquisition Strategy for the source selection
approach that establishes and maintains access to competitive suppliers at the system,
subsystem, and component level (e.g., requiring an modular open systems approach,
alternative sources of supplies or services, etc.).

Develop manufacturing and quality inputs for the Acquisition Strategy that identify and
address the sustainment of industrial capabilities, including manufacturing technologies and
capabilities, and the maturation required during the TMRR and subsequent phases.

o Provide manufacturing and quality inputs on product or component obsolescence (known
and/or projected), use and replacement of limited-life items, options for unique
manufacturing processes and products (avoidance or regeneration), and the capability to
convert off-the-shelf items to required specifications at the subsystems, item, and
component levels.

o0 Provide manufacturing and quality inputs on products or components (known and/or
projected) from sole, single, fragile, or foreign sources including options for:

= Domestic alternatives through regeneration of prior capability
= Creation of new capability for manufacturing products and processes
= Lifetime buy of items at the subsystems, and component levels
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333 e Develop plans for new or high-risk manufacturing capabilities and processes Manufacturing
334 Technology ManTech for the Acquisition Strategy that address risks, issues, and

335 opportunities.

336 o Specify how this new capability will be demonstrated in a relevant manufacturing

337 environment for the TMRR phase

338 ¢ Provide manufacturing and quality inputs for required technical reviews, production

339 decisions, events, prototypes, and deliveries, including sub-tier subsystem, item, and

340 components, to be included in the Acquisition Strategy based on:

341 0 Requested inputs from Defense Contract Management Agency (DCMA)

342 0 Materials availability (lead-time and scale-up) and maturity (characterization)

343 0 Achievable rates and yields for manufacturing and quality

344 = Provide methodologies for determining rates and schedules (e.g., Economic Order
345 Quantities, affordability goals, etc.)

346 0 Manufacturing and quality maturity

347 o Facilities, tooling, and workforce considerations

348 o Capital equipment requirements

349 e Based on inputs to Acquisition Strategy on required technical reviews, production decisions,
350 events, prototypes, and deliveries, provide manufacturing and quality inputs to the initial
351 Integrated Master Schedule including:

352 o0 Schedule for any planned use of government-furnished special test equipment,

353 government facilities/ranges, unique tooling, or other similar requirements (specific
354 modeling and simulation (M&S), communications, restricted environment, etc.).

355 o0 Schedule impacts from the requirements for special materials and allotments, and the
356 reasons for them if applicable

357 0 Manufacturing and quality internal and external interdependencies and integration with
358 existing programs, systems, and other programs in development that potentially impact
359 the critical path

360 e Develop the government manufacturing and quality management approach to:

361 0 Manufacturing and quality requirements for program plans

362 0 Manufacturing and quality contributions to resource management (minimizing cost,
363 schedule, and performance risks for the product life cycle)

364 0 Manufacturing and quality organization and staffing with Key Leadership Positions
365 (KLP) and necessary skilled manpower

366 o0 Manufacturing and quality support organization required to meet program projected
367 needs for TMRR and subsequent phases including:

368 = Earned Value Management requirements

369 = Cost control requirements

370 = Data collection, reporting, and management
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Identify the manufacturing and quality requirements for the TMRR contractor’s
Manufacturing Management System (MMS) and Quality Management System (QMS).

0 Specify the standards to be used to promote industry best practices (e.g., Society of
Automotive Engineers (SAE) AS6500, International Organization for Standardization
(I1SO) 1SO 9000, SAE AS9100, IEEE 15288.0, -.1, -.2, etc.)

o If manufacturing and quality standards are not specified, develop requirements for
program specific manufacturing management plan and quality management plan.

o ldentify manufacturing and quality opportunities, initiatives, and systems that will
contribute to minimizing cost, schedule, and performance risks throughout the product
life cycle

Identify and assess manufacturing and quality risks, issues, and opportunities, and associated
plans with key risk reduction events specified as inputs for the TMRR Acquisition Strategy
and subsequent phases on the path to full capability.

o ldentify risks from the 1B, materials, facilities, workforce, interdependencies with other
programs, manufacturing technology voids, quality, software and engineering-related
risks etc.

o ldentify required maturation of critical technologies and manufacturing processes to the
required level

0 Assess manufacturing and quality cost and schedule impacts from these identified risks

Specify the ongoing requirements for identification, analysis, mitigation, tracking, and
control of manufacturing and quality risks, issues, and opportunities that impact performance,
technical, cost, schedule, sustainment, and programmatic areas throughout the life of the
program.

Develop as inputs to the Acquisition Strategy specific and detailed manufacturing and quality
exit criteria metrics for MSA, TMRR, and subsequent phase decision points.

0 Metrics should include current and projected manufacturing and quality maturity of
identified critical technologies and manufacturing processes

0 Metrics should also include the planned Manufacturing Readiness Level (MRL) target for
system, subsystems, components, and items

For the Acquisition Strategy develop the manufacturing and quality support plan for the
mandated independent assessment.

Request DCMA inputs on strategies for quality, manufacturing, production, engineering,
software development, configuration management, testing and quality.

Metrics

Manufacturing and quality IB capability analysis updated, summarized, and documented for
inclusion in the AS.

0 Analyses of the capability of the IB to design, develop, produce, support, and restart the
acquisition program, if appropriate, have been provided as input for the AS
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o IB capabilities, fragility, gaps, and risks (e.g., key technologies, components, key
processes, etc.) have been provided as input for the AS

o0 Impacts and interdependencies of this acquisition on the NTIB and the analyses used to
make this determination have been specified and provided as input to the AS

0 Inputs summarize the manufacturing and quality impacts, how they will be managed, and
the plan for future assessment, including frequency

o Inputs for the government strategy and the actions necessary to preserve the 1B
capabilities have been identified and documented to include actions to support 1B
capability preservation

Detailed Manufacturing and Quality Strategies to address the question “Can you build it?”
have been developed and are included in the AS addressing considerations of:

Comepetition and contracting strategies

New manufacturing technologies

Design (feasibility, producibility, KCs, risks, etc.)

Materials (characteristics, sourcing, risks, etc.)

Process, rates, and quantities (capabilities, control, risks, etc.)

Facilities, Tooling, and Workforce (including GFE/GFI, STE/SIE, special requirements,
etc.)

0 Management (quality, manufacturing, supply chain, risks, etc.)

O O 0O O 0O

Based on IB capabilities analyses, manufacturing and quality inputs to the contracting
strategy have been provided that support selection of a competitive award, a sole source
award, or multiple source development (with down select for production contract) as the best
course of action.

o0 Inputs include manufacturing and quality metrics to differentiate the value of each
contract type to include performance, capacity, functional, economic, etc.

0 Inputs include impacts on IB capabilities and risks that may result from different contract
types (Firm Fixed Price (FFP), Fixed Price Incentive Fee (FPIF), Cost Plus Fixed Fee
(CPFF), etc.)

o0 Inputs include prototyping recommendations for TMRR

Manufacturing and quality inputs for the source selection approach have been developed and
documented in the Acquisition Strategy that establish and maintain access to competitive
suppliers at the system, subsystem, and component levels (e.g., requiring an modular open
systems approach, alternative sources of supplies or services, etc.).

Manufacturing and quality inputs have been developed and documented in the Acquisition
Strategy that incorporate sustainment of industrial capabilities, including manufacturing
technologies and capabilities, and including the maturation required during the TMRR and
subsequent phases.

0 Manufacturing and quality inputs on product or component obsolescence (known and/or
projected), use and replacement of limited-life items, options for unique manufacturing
processes and products (avoidance or regeneration), and the capability to convert off-the-
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shelf items to required specifications at the subsystems, item, and component levels have
been documented.

0 Manufacturing and quality inputs on products or components (known and/or projected)
from sole, single, fragile, or foreign sources have been documented including options for:

= Domestic alternatives
= Creation of new capability for manufacturing products and processes
= Lifetime buy of items at the subsystems, and component levels

Plans for new or high-risk manufacturing capabilities and processes (i.e., ManTech) have
been developed and documented in the Acquisition Strategy that address risks, issues, and
opportunities.

0 Plans include demonstration of the new capability in a relevant manufacturing
environment during the TMRR phase

Manufacturing and quality requirements and metrics for required technical reviews,
production decisions, events, prototypes, and deliveries, including sub-tier subsystem, item,
and components, have been developed and documented and provided as input to the
Acquisition Strategy and incorporate:

Inputs from DCMA

Materials data including availability and maturity

Estimates of achievable rates and yields including methodologies for determining
Summaries of manufacturing and quality maturity assessment analyses

Initial analyses of facilities, tooling, and workforce requirements

Analyses of capital equipment requirements

O O OO0 o0 O

Manufacturing and quality inputs to the initial Integrated Master Schedule have been
provided based on required technical reviews, production decisions, events, prototypes, and
deliveries, and included:

o Planned use of government-furnished special test equipment, government
facilities/ranges, unique tooling, or other similar requirements (specific M&S,
communications, restricted environment, etc.)

0 Impacts to schedule from special materials

o Impact of internal and external interdependencies, and integration with existing
programs, systems, and other programs in development

The government manufacturing and quality management approach has been developed and
documented for:

0 Manufacturing and quality requirements for program plans

0 Manufacturing and quality contributions to resource management (minimizing cost,
schedule, and performance risks for the product life cycle)

0 Manufacturing and quality organization and staffing with KLPs and necessary skilled
manpower
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0 Manufacturing and quality support organization required to meet projected program
needs for TMRR and subsequent phases including:

= Earned Value Management requirements
= Cost control requirements
= Data collection, reporting, and management

Manufacturing and quality requirements for the TMRR contractor’s MMS and QMS have
been identified and documented in the AS.

0 The industry standards to be used, or the requirements for program specific
manufacturing and quality management, have been specified and documented (e.qg.,
AS6500, 1SO 9000, AS9100, IEEE 15288.0, -.1, -.2, etc.)

0 Manufacturing and quality management opportunities, initiatives, or systems that
contribute to minimizing cost, schedule, and performance risks throughout the product
life cycle have been identified and documented

Manufacturing and quality risks, issues, and opportunities, and associated plans with key risk
reduction events have been identified, assessed, and specified as inputs for the TMRR
Acquisition Strategy and subsequent phases on the path to full capability.

0 Risks, issues, and opportunities from the IB, materials, facilities, workforce,
interdependencies with other programs, manufacturing technology voids, quality,
software and engineering related risks,/issues etc. have been included

0 Required maturation of critical technologies and manufacturing processes to the required
level has been included

0 Manufacturing and quality cost and schedule impacts from the identified risks have been
assessed and included

The ongoing requirements for identification, analysis, mitigation, tracking, and control of
manufacturing and quality risks, issues, and opportunities that impact performance, technical,
cost, schedule, sustainment, and programmatic areas throughout the life of the program have
been specified and documented in the AS.

Detailed manufacturing and quality exit criteria metrics for MSA, TMRR, and subsequent
phase decision points have been developed and documented as inputs to the Acquisition
Strategy and include:

o Current and projected manufacturing quality maturity of identified critical technologies
and manufacturing processes
o Planned MRL targets for system, subsystems, components, and items

Manufacturing and quality support plans for the mandated independent assessment have been
developed, documented, and included in the AS.

DCMA inputs on strategies for quality, manufacturing, production, engineering, software
development, configuration management, testing, and quality have been included.
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Acquisition Strategy Outline

ICD Template, Oct 2012

Industrial Base Assessment Survey Form DCMA Industrial Analysis Center
Manufacturing Readiness Level Assessment Questionnaire
Pugh Matrix Template

Quality Function Deployment Excel Spreadsheet

Requirements Roadmap Worksheet

TRIZ Matrix

SAE AS6500 Manufacturing Management System Checklist
ISO 9000 Quality Management System Checklist

SAE AS9100 Advanced Quality Management System Checklist

Resources

A3

AS6500, Manufacturing Management Program, Nov 2014

AS9100, Quality Management Systems, Sep 2016

IEEE 15288-2014, Systems and Software Engineering

IEEE 15288.1-2014, Application of Systems Engineering on Defense Programs
IEEE 15288.2-2014, Standard for Technical Reviews and Audits on Defense Programs
ISO 9000:2015, Quality Management Systems, Sep 2015

MRL Deskbook Version 2016

PL114-328 and subsequent guidance (TBD)

Acquisition Plan Preparation Guide, Jan 2009

Capability Based Assessment Guide March 2009

DoDI 5000.02, Change 1, Jan 2017

DoDI 5000.60, Defense Industrial Capabilities Assessments, Oct 2009

DoD 5000.60H, Assessing Defense Industrial Capabilities, Apr 1996

DSMC Acquisition Strategy Guide, Dec 1999

Pre-Materiel Development Decision Analysis Handbook, July 2010

Quality Function Deployment (Reference Books)

Input to the Systems Engineering Plan (SEP)

Manufacturing and Quality Tasks

Update the assessment of manufacturing feasibility for the preferred concept, if not
completed; conduct an assessment, for inclusion in the SEP.

Provide manufacturing and quality inputs to the SEP on all IB, design, manufacturing,
production, and quality risks and risk reduction and mitigation efforts.
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559 o Identify critical technologies and manufacturing and quality process areas requiring risk
560 reduction and mitigation efforts for the SEP, including the following activities:

561 = Initial manufacturing and quality approaches for system requirements and system
562 design concepts

563 = Manufacturing and quality trade studies

564 = Potential manufacturing and quality solutions

565 o ldentify manufacturing and quality risks, issues and opportunities from existing

566 architectures, capabilities, and external dependencies

567 0 Maintain up-to-date status on all key manufacturing and quality inputs to the SEP

568 e Based on the Manufacturing and Quality Strategies in the AS, provide manufacturing and
569 quality plans and support to assist in development of the SEP and the program schedule

570 including:

571 o0 Inputs on required manufacturing and quality products (e.g., assessment, metrics, etc.) for
572 all SE reviews

573 o Inputs on specific and detailed manufacturing and quality entry and exit criteria metrics
574 for technical reviews and MSA, TMRR, and subsequent phase decision points

575 = Metrics should include current and projected manufacturing and quality maturity of
576 identified critical technologies and manufacturing processes

577 = Metrics should also include the planned Manufacturing Readiness Level (MRL)

578 target for system, subsystems, components, and items

579 0 Manufacturing and quality criteria, metrics, and frequency for SE reviews

580 o Planned significant manufacturing and quality activities and tools (i.e. modeling and

581 simulations, manufacturing and quality assessments, long lead or advanced procurements,
582 prototype builds, production lots/phases, etc.)

583 o Specifications for the manufacturing and quality organization, billets, and Key

584 Leadership Positions

585 o Specification of the roles, responsibilities, and organization of the Manufacturing

586 Working Group to support SE

587 0 Manufacturing and quality roles and responsibilities within other program IPTs (e.g.,
588 Design, Risk Management, Systems Engineering, Test and Evaluation (T&E),

589 Sustainment, Facilities, etc.)

590 ¢ Provide manufacturing and quality requirements, risks, issues, and opportunities (e.g., design,
591 producibility, manufacturing technology, facilities, sustainment, cost and schedule, etc. for
592 the SEP to be addressed by all IPTs.

593 ¢ |dentify manufacturing and quality inputs on required technical reviews/audits (e.qg.,

594 Preliminary Design Review, Critical Design Review, Production Readiness Reviews, etc.) to
595 be conducted at the sub-tier level on Configuration Items to be designed and developed by a
596 sub-tier suppliers.

597 ¢ Planned manufacturing and quality activities for the next phase
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Summarize key manufacturing and quality systems engineering, integration, and
verification processes and activities established or modified since the previous phase,
including updated

= Risk and risk mitigation strategies
= Technical and manufacturing maturity
= Manufacturing and quality metrics to support key management focus areas

The assessment of manufacturing feasibility for the preferred concept for inclusion in the
SEP is up-to-date and reflects current program status. If not completed, conduct an
assessment.

Up-to-date manufacturing and quality inputs to the SEP on all 1B, design, manufacturing,
production, and quality risks and risk reduction and mitigation efforts have been documented
and provided.

(0]

Critical technologies and manufacturing and quality process areas requiring risk
reduction and mitigation efforts for the SEP have been identified, developed and
documented, including the following activities:

= Initial manufacturing and quality approaches for system requirements and system
design concepts

= Manufacturing and quality trade studies results

= Potential manufacturing and quality solutions

Manufacturing and quality risks, issues and opportunities from existing architectures,
capabilities, and external dependencies requiring risk reduction and mitigation efforts
have been identified, developed, and documented

A process to maintain up-to-date status on all key manufacturing and quality inputs to the
SEP has been developed and is in place.

Based on the Manufacturing and Quality Strategies in the AS, manufacturing and quality
inputs have been documented in the SEP and include:

o

Inputs on manufacturing and quality products (e.g., assessment, metrics, etc.) required for
all SE reviews developed and documented

Inputs on specific and detailed manufacturing and quality exit criteria metrics for
technical reviews and MSA, TMRR, and subsequent phase decision points developed and
documented

= Metrics should include current and projected manufacturing and quality maturity of
identified critical technologies and manufacturing processes

= Metrics should also include the planned MRL target for system, subsystems,
components, and items

Manufacturing and quality criteria, metrics, and frequency for all SE reviews have been
established and documented
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o Planned significant manufacturing and quality activities and tools (i.e. modeling and
simulations, manufacturing and quality assessments, long lead or advanced procurements,
prototype builds, production lots/phases, etc.) have been identified and are documented in
the SEP and the program schedule

0 Manufacturing and quality organization, billets, and Key Leadership Positions have been
identified and documented

o0 Specification of the roles, responsibilities, and organization of the Manufacturing
Working Group to support SE have been specified and documented

0 Manufacturing and quality roles and responsibilities within other IPTs (Design, Risk
Management, Systems Engineering, T&E, Sustainment, Facilities, etc.) have been
specified and documented

= Team Details — Name, Chair, Membership, Roles, Responsibility, and Authority,
Products and Metrics

Manufacturing and quality requirements, risks, issues, and opportunities (e.g., design,
producibility, manufacturing technology, facilities, sustainment, cost and schedule, etc. have
been provided and documented in the SEP to be addressed by all IPTs.

Manufacturing and quality inputs on required technical reviews/audits (e.g., Preliminary
Design Review, Critical Design Review, Production Readiness Reviews, etc.) to be
conducted at the sub-tier level on Configuration Items to be designed and developed by a
sub-tier suppliers are included and documented in the SEP and the Integrated Master
Schedule.

Planned manufacturing and quality SE activities for the next phase have been documented
along with the appropriate metrics

o Key manufacturing and quality systems engineering, integration, and verification
processes and activities established or modified since the previous phase, including
updates have been summarized

= Risk and risk mitigation strategies are documented

= Technical and manufacturing maturity requirements are developed and documented
with threshold and objectives established

= Manufacturing and quality metrics to support key management focus areas are
established and documented

Systems Engineering Plan (SEP) Outline

A0A Study Plan Template

Critical to Customer/Critical to Quality Tree Template

Manufacturing Capability Assessment Worksheet

Manufacturing Readiness Level Questionnaire (Part of MRL Users Guide)
MDD Development Planning Templates

MSA Template
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Producibility Assessment Worksheet (PAWS)
Triz Matrix

Resources

IEEE 15288-2014, Systems and Software Engineering

IEEE 15288.1-2014, Application of Systems Engineering on Defense Programs

IEEE 15288.2-2014, Standard for Technical Reviews and Audits on Defense Programs
SEP Outline, Jun 2015

Air Force AoA Guide, June 2013

Air Force AoA Handbook, Jul 2008

DMMG for PMs, Chapter 1.3 and 2.6 Industrial and Manufacturing Capability Assessments
in the Acquisition Lifecycle

DoDI 5000.02, Change 1, Jan 2017

MRL Deskbook Version 2016

MRL Users Guide Version 2016

MSA Guide, DAG Chapter 4.2.3 , also see Air Force and Navy Guides

A.4 Support Program Management Reviews

Manufacturing and Quality Tasks

Support the ITR (Initial Technical Review) (accomplish prior to AoA, if required).

o Perform manufacturing and quality analyses of the draft ICD, the AoA Study Guidance,
and the preliminary CONOPS of the materiel solution alternatives

o0 Provide detailed manufacturing and quality information to promote an understanding of
each concept or alternative for:

= Engineering trades
= Cost drivers, material, and process risks, issues, and opportunities
= Development of a CARD

Manufacturing and quality provides inputs and analyses to the ASR to support that the
preferred materiel solution(s) resulting from the AoA has the best potential to be cost
effective, affordable, operationally effective and suitable, and can be developed to provide a
timely solution to the need at an acceptable level of risk. Manufacturing and quality
representatives supporting program IPTs will:

0 Review, evaluate, and update the manufacturing and quality producibility assessments for
the preferred system concept(s) for adequacy

0 Review, evaluate, and update the comprehensive risk, issue, and opportunity assessment
for completeness and adequacy of all manufacturing and quality risks and update
mitigation plans (develop if not initiated)
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Metrics

DRAFT
2. Materiel Solution Analysis (MSA) Phase

= Complete trade studies or technical demonstrations for manufacturing concept risk
reduction

= Incorporate producibility and manufacturing considerations which could impact
program decisions (e.g., critical components, materials and processes, tooling and test
equipment development, production testing methods, long lead items, and
facilities/personnel/skills requirements)

Review and evaluate the risks to manufacturing and quality associated with the use of a
commercial off-the-shelf (COTS)/ government off-the-shelf (GOTS)/non-developmental
items (NDI) solution versus a new design

Complete the manufacturing and quality input to the initial hazard analysis and/or the
system safety analysis for the preferred solution(s)

Assess the manufacturing and quality requirements of the draft CDD to verify that all
KCs are traceable to user needs through preliminary system specifications, key
assumptions, and constraints back to KPPs and KSAs (from JCIDS)

Assess the results of the AoA materiel solution(s) to meet manufacturing and quality cost,
schedule, and performance objectives

Review, evaluate, and update the comprehensive manufacturing and quality plans that
address critical items, parts, components, and prototypes to be developed and
demonstrated, along with their cost, and critical path drivers

Provide manufacturing and quality inputs on the scope and planning of competitive
prototyping of the materiel solution systems, subsystems, and components

Provide manufacturing and quality inputs on the scope, planning, and resources needed
for the initial end-item development

Review Lessons Learned for manufacturing and quality drivers of system life-cycle cost
Provide inputs to the CARD that reflect realistic materiel solutions that meet the draft
CDD within manufacturing and quality IB constraints including workforce estimates
Review and update manufacturing and quality inputs to the SEP and the AS, if necessary

If required prior to AoA, detailed manufacturing and quality information has been
documented to support the Initial Technical Review (ITR) and documents each concept or
alternative for:

o
(0]
(0]

Engineering trades
Cost drivers, material, and process risks, issues, and opportunities
Development of a CARD

Assessments of the draft ICD, the AoA Study Guidance, and preliminary CONOPS by
manufacturing and quality analyses for materiel solution alternatives have been conducted
and results documented for the AoA.

Manufacturing and quality representatives designated to support the ASR have:
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DRAFT
2. Materiel Solution Analysis (MSA) Phase

Reviewed, evaluated, and documented the updated producibility assessments for the
preferred system concept(s) for adequacy with any shortfalls identified

Reviewed, evaluated, and documented the updated comprehensive risk, issue, and
opportunity assessment for completeness and adequacy of all manufacturing and quality
risks and that updated mitigation plans are documented and underway

= Completed trade studies or technical demonstrations for manufacturing concept risk
reduction have been documented

» Producibility and manufacturing considerations which could impact program
decisions (e.qg., critical items, parts, components, materials and processes, tooling and
test equipment development, production testing methods, long lead items, and
facilities/personnel/skills requirements) have been identified and documented in
appropriate plans

Reviewed, evaluated, and documented the relative risk(s) to manufacturing and quality
associated with the use of a COTS/GOTS/NDI solution versus a new design

Completed and documented the manufacturing and quality inputs to the initial hazard
analysis and/or the system safety analysis for the preferred solution(s)

Assessed, verified, and documented that the KCs are traceable to user needs through
preliminary system specifications, key assumptions, constraints back to KPPs and KSAs
in the draft CDD

Analyzed and assessed the results of the AoA materiel solutions to meet manufacturing
and quality cost, schedule, and performance objectives and have documented the results
including shortfalls

Reviewed, evaluated, and documented the updated the comprehensive manufacturing and
quality plans for critical items, parts, components, and prototypes to be developed and
demonstrated, including cost, critical path drivers, and any shortfalls identified
Documented and provided manufacturing and quality inputs on competitive prototyping
(scope and planning) for the materiel solution systems, subsystems, and components
Documented and provided manufacturing and quality inputs on the scope, planning, and
resources needed for the initial end-item development

Reviewed and applied appropriate Lessons Learned for manufacturing and quality drivers
of system life-cycle cost

Developed and provided CARD inputs that reflect realistic materiel solutions that meet
the draft CDD requirements within manufacturing and quality IB constraints (including
workforce estimates)

Reviewed and updated manufacturing and quality inputs to the SEP and the AS

e Alternative System Review Checklist

Resources

e DAG, Chapter 3-3.3.1 Alternative System Review
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DRAFT
2. Materiel Solution Analysis (MSA) Phase

o |EEE 15288.1-2014, Application of Systems Engineering on Defense Programs
e |EEE 15288.2-2014, Standard for Technical Reviews and Audits on Defense Programs

B. DEFENSE CONTRACTING SYSTEM

B.1 Provide Input to
TMRR RFP

B.3 Identify Potential

TMRR 55P Award Fee Criteria

B. Defense ‘
Contracting System

B.2 Provide Inputs to ‘

Manufacturing and quality program office personnel will participate in all phases of the development
of Technology Maturation and Risk Reduction (TMRR) Request for Proposal (RFP), Source
Selection Plan (SSP), and Award Fee incentive criteria. Many programs do not consider
manufacturing and quality management requirements until the later stages of the EMD phase and
beyond, however, there is a need to manage and control the emerging manufacturing and quality
risks in the early acquisition phases.

Manufacturing and quality inputs to the RFP for TMRR should be based on the manufacturing and
quality inputs to the AoA in order to successfully develop and deliver the preferred solution and to
provide a mature product with reduced risks that meet schedule and cost. These inputs will require
specifying the use of best practices in the area of manufacturing management and quality
management. As part of the RFP, the contractor will be required to identify and to describe their
proposed processes, methods, and actions to address manufacturing feasibility, producibility, and
manufacturing and quality risks associated with the proposed materiel solution. The RFP will require
these “ilities,” risks, and other requirements to be appropriately documented in Contract Data
Requirements List (CDRL), Data Item Description (DIDs), and other deliverables subject to a
specified approval and acceptance process.

Each of the manufacturing and quality inputs to the RFP should have appropriate criteria and metrics
to be met included in the SSP to ensure a fair and equitable source selection. The manufacturing and
quality criteria and metrics should be coupled with appropriate award fee incentives, with processes,
and procedures to reward successful management and execution, including incremental achievements
of program goals. The criteria and metrics should also be used to incentivize domestic manufacturing
and technology capability improvements that contribute to performance enhancement, schedule
improvement, cost savings, etc.

The early inclusion of manufacturing and quality inputs into the RFP, SSP, and other program
processes will help guide the future development program success and help minimize risk.

B.1 Provide Input to TMRR RFP

Manufacturing and Quality Tasks

e Ensure that manufacturing and quality personnel are included in the TMRR Request for
Proposals (RFPs) writing and review teams.
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DRAFT
2. Materiel Solution Analysis (MSA) Phase

Analyze the manufacturing and quality results from the AoA Study Guidance and the AoA as
a basis for RFP requirements.

o0 Results from other relevant manufacturing and quality feasibility and Industrial Base
studies to be used as additional data for RFP requirements

Specify appropriate requirements for CDRLS, DIDs, etc. to support manufacturing and
quality processes and the requisite approval process.

o Include requirements for reporting of manufacturing, quality, and supplier management
metrics

Specify the requirements for best practices for the Contractor’s Manufacturing Management
System (per Section L.1) and Quality Management System (per Section 1.1)to be used (e.g.,
AS6500, 1SO 9000, AS9100, etc.).

o Specify the requirements for the contractors to identify and to describe their proposed
specific processes, methods, and actions to address manufacturing feasibility,
producibility, and manufacturing and quality risks associated with the proposed solutions

If AS6500 is not invoked in the contract(s), the manufacturing management requirements
cited in AS6500 should be the basis for specific contractual requirements for a contractor
plan. The requirements, at a minimum, should specify that the contractor addresses:

0 Manufacturing Management System:

= Documenting how, when, and by whom each requirement of their system is to be
accomplished, and define the authority and responsibility for each.

o Design Analysis for Manufacturing:

= Conducting producibility analyses

= Identifying and managing key and critical characteristics in the Technical Data
Package (TDP)

= Implementing Variability Reduction (VR) to reduce part to part variation of key and
critical characteristics

= Identifying and managing key and critical manufacturing processes

= Conducting Process Failure Modes and Effects Analysis (PFMEA) on critical
manufacturing processes

0 Manufacturing Risk Identification:

= Integrating manufacturing risk management activities into the program risk, issue and
opportunity management process to include the identification of manufacturing risk
areas and the development and implementation of risk mitigation plans tracked to
completion

= Conducting and documenting manufacturing feasibility assessments for each
competing design alternative under consideration
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DRAFT
2. Materiel Solution Analysis (MSA) Phase

856 = |dentifying MRL targets and documenting manufacturing risks through the MRL
857 assessments

858 0 Manufacturing Planning:

859 = Establishing and maintaining a manufacturing plan that includes supply chain and
860 material management, manufacturing technology development, manufacturing
861 modeling and simulation, manufacturing costs, manufacturing system verification,
862 manufacturing workforce, and tooling, test equipment, and facilities.

863 0 Manufacturing Operations Management including:

864 = Production Scheduling and Control

865 = Manufacturing Surveillance

866 = Continuous Improvement

867 = Process Control Plans

868 = Process Capabilities

869 = Production Process Verification

870 = First Article Inspections and First Article Tests

871 = Supplier Management and Quality

872 o Specify industry best practices for Systems Engineering to be used (e.g., IEEE 15288, -1, -2,
873 etc.) in the RFP.

874 0 Include requirements for the contractors to identify and to describe their proposed

875 processes, methods, and actions to address technical processes, technical management
876 processes, and essential specialty engineering

877 o Specify contractual manufacturing and quality requirements for:

878 o Conducting manufacturing and quality reviews of engineering and software (with

879 frequency of reviews)

880 o0 Providing manufacturing and quality information for cost models

881 o Implementing a risk, issue, and opportunity management and mitigation program that
882 includes manufacturing and quality (including IB risks)

883 o Implementing a manufacturing and quality variability reduction program

884 o0 Managing materials and subcontractors

885 o Utilizing Commercial Off The Shelf (COTS), Government Off The Shelf (GOTS), and
886 Non-Developmental Items (NDIs)

887 e Specify manufacturing and quality:

888 o Content for Statement of Work (SOW) and contract sections C, L, M, and H

889 0 Metrics to be met as exit criteria for TMRR phase

890 0 Requirements for cost estimates that include rate, alternate materials, quantity, etc.
891 (including Cost of Quality data, if available).

892 o Requirements for identification and description of manufacturing technology capability
893 improvement efforts
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DRAFT
2. Materiel Solution Analysis (MSA) Phase

0 Requirements for identification and description of producibility efforts
= Include cost sharing and incentive plans relevant to the solution

0 Requirements for identification and description of contractor cost sharing and incentive
initiatives
= Requirements that encourage acquisition of modern technology, production
equipment, and production systems that increase the productivity and reduce life-

cycle costs
= Requirements that encourage investment in U.S. domestic sources

0 Requirements for facilities, tooling, and test equipment
o0 Requirements for workforce (e.g., training, certifications, etc.)
0 Requirements for supply chain management

Specify the requirement that the contractor support conduct of independent risk assessments
to include the identification of any critical technologies or manufacturing processes that have
not been successfully demonstrated in a relevant environment.

Metrics

Manufacturing and quality personnel have been assigned as designated members of the
TMRR Request for Proposals (RFPs) writing and review teams.

Results of manufacturing and quality inputs to the AoA Study Guidance and the
manufacturing and quality outputs from AoA have been used for development of RFP
requirements.

o Results from other relevant manufacturing and quality feasibility and IB studies have
been included as additional data for RFP requirements

Appropriate manufacturing and quality CDRLs, DIDs, etc. or appropriate language and the
requisite reporting and approval processes have been included in the RFP.

Requirements for best practices for the Contractor’s Manufacturing Management System
(per Section L.1) and Quality Management System (per Section 1.1) to be used (e.g.,
AS6500, 1ISO 9000, AS9100, etc.) have been specified in the RFP.

o0 Requirements for the contractors to identify and to describe their proposed specific
processes, methods, and actions to address manufacturing feasibility, producibility, and
manufacturing and quality risks associated with the proposed solution(s) have been
included

If AS6500 is not invoked in the contract, the manufacturing management requirements cited
in AS6500 have been used as the basis for specific contractual requirements for a contractor
plan and have been documented in the RFP. These requirements at a minimum have
addressed and documented:

0 The Manufacturing Management System
o Design Analysis for Manufacturing

Manufacturing and Quality Management Body of Knowledge
DRAFT - Coordination Copy — January 2018
86



931
932
933
934
935

936

937
938

939
940

941
942
943
944
945

946
947
948

949
950

951
952
953
954
955
956
957
958
959
960

961
962

963
964
965
966
967
968

DRAFT
2. Materiel Solution Analysis (MSA) Phase

= Producibility analyses

= Key and critical characteristics
= Variability reduction

= Manufacturing process analyses
= FMEA

0 Manufacturing Risk Identification

= Feasibility assessments
» Manufacturing readiness assessments

0 Manufacturing Planning
0 Manufacturing Operations Management

If an appropriate best practices QMS is not invoked in the contract, the quality management
requirements contained in ISO 9000 and/or AS9100 have been used as the basis for specific
contractual requirements for a contractor QMS plan and have been documented in the RFP.
Appropriate standards for Systems Engineering best practices to be used (e.g., IEEE 15288, -
1, -2, etc.) have been specified in the RFP.

0 Requirements for the contractors to identify and to describe their proposed processes,
methods, and actions to address technical processes, technical management processes,
and essential specialty engineering are included

Detailed manufacturing and quality inputs have been specified and documented in the RFP
including the requirements and metrics for:

o Conducting manufacturing, quality, engineering, and software reviews (with frequency of
reviews)

0 Cost models information with associated parameters

o Identification and management of critical characteristics and KCs and the associated
manufacturing processes

0 Risk, issue, and opportunity management and mitigation program that includes
manufacturing, quality, and IB risks

o Variability reduction programs

0 Materials management processes

0 Use of COTS, GOTS, and NDIs

The detailed requirements for manufacturing and quality inputs have been documented in the
RFP for:

o Content for the SOW and contract sections C, L, M, and H

0 Metrics to be met as exit criteria for TMRR phase

o0 Cost estimates that include rate, alternate materials, quantity, etc. (includes Cost of
Quality data).

o ldentification and description of manufacturing and technology capability improvement
efforts
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DRAFT
2. Materiel Solution Analysis (MSA) Phase

o Cost sharing and incentive plans and initiatives

= Incentives that encourage acquisition of modern technology, production equipment,
and production systems that increase the productivity and reduce life-cycle costs
= Incentives that encourage investment in U.S. domestic sources

o Facilities, tooling, and test equipment
o Workforce planning (training, certifications, etc.)
o Supply chain management

Requirements contractor support of independent risk assessments have been documented in
the RFP to include the requirement for identification of any critical technologies or
manufacturing processes that have not been successfully demonstrated in a relevant
environment.

AS6500 Manufacturing Management Program Checklist
ISO 9000 Quality Management System Checklist
AS9100 Quality Management System Checklist

RFQ Template

SEP Outline

Resources

AS6500, Manufacturing Management Program, Nov 2014

IEEE 15288.1-2014, Application of Systems Engineering on Defense Programs

IEEE 15288.2-2014, Standard for Technical Reviews and Audits on Defense Programs
ISO 9000:2015, Quality Management Systems, Sep 2015

AS9100, Quality Management Systems, Sep 2016

MIL-HDBK-29612-1A Guidance for Acquisition of Training Data Products and Services,
Aug 2001

MIL-HDBK-245D Handbook for Preparation of Statement of Work, Apr 1996

SEP Outline, Jun 2015

10 USC § 2366b

FAR 46-202 Types of Contract Quality Requirements

DAG CH 3-4.3.18 Producibility, Quality and Manufacturing Readiness

B.2 Provide Input to TMRR SSP

Manufacturing and Quality Tasks

Ensure that manufacturing and quality personnel are included in the drafting of the Source
Selection Plan (SSP) and provide inputs and metrics.
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1003 0 Analyze the manufacturing and quality results from the AoA Study Guidance and the
1004 AOA as a basis for SSP requirements and metrics

1005 0 Results from other relevant manufacturing and quality feasibility and 1B studies to be
1006 used as additional data for SSP requirements and metrics

1007 e Specify the criteria and metrics for evaluating the contractor’s use of best practices for
1008 Manufacturing Management, Quality Management (e.g., AS6500, ISO 9000, AS9100, etc.),
1009 and Systems Engineering management (i.e., IEEE 15288).

1010 o Specify the criteria and metrics for evaluating the contractor’s proposed processes,
1011 methods, and actions to address manufacturing feasibility, producibility, and quality risks
1012 associated with the proposed solutions

1013 o Specify the plan with appropriate criteria and metrics for submission, review, revision, and
1014 approval of CDRLs, DIDs, etc. to support manufacturing and quality processes.

1015 o Specify manufacturing and quality criteria and appropriate metrics to be met for:

1016 o0 All Milestone and technical reviews

1017 0 Manufacturing and quality reviews (including frequency of reviews)

1018 0 Cost models and data (include Cost of Quality data)

1019 0 Management processes for key and critical characteristics

1020 o0 Risk, issue, and opportunity identification, management, and mitigation program

1021 o0 Variability reduction program

1022 0 Materials management process

1023 o0 Supply chain management program

1024 o Facilities, tooling, and test equipment plan

1025 o Workforce planning

1026 e Specify the criteria and metrics for evaluating the contractor’s:

1027 0 Manufacturing and technology capability improvement plans and efforts.

1028 = Include cost sharing and incentive plans

1029 o0 Producibility efforts relevant to the solution.

1030 = Include cost sharing and incentive plans

1031 o0 Planning for IB risk management and mitigation

1032 o0 Plan to meet the exit criteria for TMRR phase.

1033 o Strategy for acquisition of modern technology, production equipment, and production
1034 systems that increase the productivity and reduce life-cycle costs

1035 = Methods to encourage investment U.S. domestic sources

1036 o Specify the criteria and metrics for contractor support of independent risk assessments to
1037 include the identification of any critical technologies or manufacturing processes that have
1038 not been successfully demonstrated in a relevant environment.
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DRAFT
2. Materiel Solution Analysis (MSA) Phase

Metrics

Manufacturing and quality personnel have provided criteria and metrics for inclusion in the
SSP.

0 Results from the AoA Study Guidance and the AoA (manufacturing and quality inputs)
have been analyzed the as a basis for SSP requirements and metrics

o0 Other relevant manufacturing and quality feasibility and 1B studies results have been
documented and used as additional data for SSP requirements and metrics

Criteria and metrics for evaluating the contractor’s use of best practices for Manufacturing
Management, Quality Management, and Systems Engineering management (applicable to
manufacturing and quality) have been developed and documented for the SSP.

o Criteria and metrics for evaluating the contractor’s proposed processes, methods, and
actions that address manufacturing feasibility, producibility, and quality risks associated
with the proposed solutions are documented and specified in the SSP.

Appropriate criteria and metrics for submission, review, revision, and approval of CDRLS,
DIDs, etc. to support manufacturing and quality processes have been specified in the SSP.
Manufacturing and quality criteria and metrics have been specified in the SSP for:

All Milestone and technical reviews

Conducting manufacturing and quality reviews (with frequency of reviews)
Cost models and data including Cost of Quality

KC management process

Risk, issue, and opportunity identification, management, and mitigation program
Variability reduction program

Materials management process

Supply chain management program

Facilities, tooling, and test equipment plan

Workforce planning

O O 0O O0OO0OO0O OO0 Oo0OOo

Manufacturing and quality criteria and metrics for evaluating the contractor’s plan to meet
the exit criteria for TMRR phase have been specified

Specified manufacturing criteria and metrics have been documented in the SSP for evaluating
the contractor:

0 Manufacturing and technology capability improvement plans with cost sharing and
incentive plans and metrics

o0 Producibility efforts with cost sharing and incentive plans and metrics

Planning for IB risk management and mitigation

o Strategy for acquisition of modern technology, production equipment, and production
systems that increase the productivity and reduce life-cycle costs including methods to
encourage investment in U.S. domestic sources

o
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DRAFT
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1076 o Criteria and metrics for contractor support of independent risk assessments to include the
1077 identification of any critical technologies and manufacturing processes that have not been
1078 successfully demonstrated in a relevant environment have been documented in the SSP.
1079 Tools

1080 e Source Selection Plan Template (Navy)

1081 e AS6500 Manufacturing Management Program Checklist

1082 e AS9100 Quality Management System Checklist

1083 e |SO 9001 Quality Management System Checklist

1084 Resources

1085 e Air Force Manufacturing Development Guide, Sep 2012

1086 e AS6500, Manufacturing Management Program, Nov 2014

1087 e AS9100, Quality Management Systems, Sep 2016

1088 e DAG CH 3-4.3.18 Producibility, Quality and Manufacturing Readiness

1089 e |EEE 15288, Systems and Software Engineering

1090 o |EEE 15288.1-2014, Application of Systems Engineering on Defense Programs

1091 e |EEE 15288.2-2014, Standard for Technical Reviews and Audits on Defense Programs
1092 e IS0 9000:2015, Quality Management Systems, Sep 2015

1093 e PL114-328

1094 o Defense Federal Acquisition Regulation Supplement, Procedures, Guidance and Information,
1095 Subpart 215.3--Source Selection, March 31, 2016

1096 Source Selection Plan Guide, Dec 2008

1097 B.3 Identify Potential TMRR Award Fee Criteria

1098  Manufacturing and Quality Tasks

1099 e Develop manufacturing and quality entrance and exit criteria for technical reviews and
1100 decision points.

1101 0 Specify metrics for partial achievements, incremental awards, penalties for failure to
1102 meet contract requirements, and achievement beyond expectations

1103 e Incentivize early delivery of completed, comprehensive, and acceptable manufacturing and
1104 quality CDRLs, DIDs, other program documentation that meet the requirements for timely
1105 government approval.

1106 o Specify metrics for partial achievement and penalties for failure to meet contract

1107 requirements

1108 ¢ Provide incentives for achievement of manufacturing and quality specific thresholds,

1109 objectives, and sub-goals with respect to rate, schedule, performance, quality, etc.
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o Specify metrics for partial achievements, incremental awards, and penalties for failure to
meet contract requirements

Specify thresholds for the adoption and effective implementation of industry best practices in
manufacturing and quality (e.g., AS6500, 1SO 9000, AS9100. etc.).

o Develop program specific metrics that measure progress
o Specify incentives for exceeding thresholds

Specify thresholds and metrics for comprehensive manufacturing, quality, and subcontracting
management plans.

o Develop metrics for a manufacturing management plan that includes: identifying KCs
and critical manufacturing processes; performing variability reduction activities;
performing manufacturing capability assessments; and including a producibility program

o0 Develop metrics for a quality management plan that implements an effective Quality
Management System, focused on defect prevention

o Develop metrics for a subcontract management plan that implements a comprehensive
supplier management organization, promoting exceptional performance

Develop manufacturing and quality program specific criteria and metrics that include key
trades for and among cost, schedule, and performance, affordability analysis, risk analysis,
and risk mitigation.

Develop manufacturing and quality criteria and metrics that incentivize domestic
manufacturing capability improvement investments, contributing to enhanced performance,
schedule improvement, cost savings, etc. Include as appropriate the following:

o0 Continuous Process Improvement (CPI) Program or initiatives
o0 Cost sharing, risk reduction, cost recovery, etc.
o Investments in domestic advanced manufacturing equipment and processes

Metrics

Manufacturing and quality entrance and exit criteria requirements for technical reviews and
decision points within schedule and budget are specified in the contract.

o0 Contract specifies metrics for partial achievements, incremental awards, and awards for
performance beyond expectations

o0 Contract includes penalties for partial and or failure to meet contractual requirements that
are definitive and specified in terms of cost to award fee with maximum and minimum
penalties

Contract includes provisions and incentives with metrics for early delivery and approval of
complete, comprehensive, and acceptable manufacturing and quality CDRLs, DIDs, other
program documentation.

0 Metrics for partial achievements, incremental awards, and penalties for failure to meet
contract requirements are included
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DRAFT
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Contract includes incentives for achievement of manufacturing and quality specific
thresholds, objectives, and sub-goals with respect to rate, schedule, performance, quality, etc.

0 Metrics for partial achievements, incremental awards, and penalties for failure to meet
contract requirements are included

Contract includes appropriate manufacturing and quality criteria and metrics for enhanced

performance, schedule improvement, cost savings; and specifies the potential award fee or
incentive to be earned.

Contract includes criteria and metrics for the adoption and implementation of industry best
practices in manufacturing and quality (e.g., AS6500, ISO 9000, AS9100. etc.).

o Contract specifies the metrics for measuring progress and meeting expectations

Contract includes incentives and metrics for comprehensive manufacturing, quality, and
subcontracting management plans.

0 Metrics for a manufacturing management plan have been included that identify: KCs and
critical manufacturing processes, performing variability reduction activities, performing
manufacturing capability assessments, and including a robust producibility program

0 Metrics for a quality management plan have been included that implement an effective
Quality Management System focused on defect prevention

0 Metrics for a subcontract management plan have been included that implement a
comprehensive supplier management organization that promotes exceptional
performance

Contract specifies criteria and metrics to evaluate trades among cost, schedule, performance,
affordability, risks, risk mitigation for meeting requirements, and incentives for exceeding
goals.

Contract specifies manufacturing and quality criteria and metrics that encourage domestic
manufacturing and quality capability improvement investments and includes the following:

CPI Program or initiatives

Cost savings, recovery, and sharing

Risk reduction and mitigation

Domestic investment in advanced manufacturing equipment and processes
Performance enhancement

Schedule improvement

O O O 0O O o

Source Selection Plan Template (Navy)

Award Fee or Incentive Fee Template

AS6500 Manufacturing Management Program Checklist
AS9100 Quality Management System Checklist

ISO 9001 Quality Management System Checklist
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Resources

e Award Fee Guide (Army, Navy and Air Force all have one)

e AS6500, Manufacturing Management Program, Nov 2014

e AS9100, Quality Management Systems, Sep 2016

e Defense Production Act Title 111 (Manufacturing Technology Programs)
e DODD 4400.01E Defense Production Act Programs, Oct 2001

e |SO 9000:2015, Quality Management Systems, Sep 2015

e Award Fee Guide, (Army, Navy or Air Force)

e MIL-STD-896B Manufacturing and Quality Program

C. SURVEILLANCE SYSTEM

.1 Utilize DCMA data C.2. Utilize DCMA data for
Program Management

€.3 Monitor and Identify ‘

C. Surveillance System ‘ Impacts to Program Ecosystem

The AoA authority or PM should maximize the use of Defense Contract Management Agency
(DCMA) information, data, and analyses from contractor facilities where there is delegation of
authority and expertise available. DCMA, utilizing a systematic approach to supplier manufacturing
and supply chain evaluation, supply chain improvement initiatives, and best practices, is a valuable
resource.

DCMA can provide input into requirements and commitments that enable programs to have current
and predictive insight into performance. Access to reliable and accurate data and process information
on costs, schedule, and technical performance can assist with objective assessment of supplier plans
and the verification of initial and continuing compliance with requirements. The ability to continually
analyze risks and identify risk-adjusted solutions to sustain a reliable, technologically superior,
efficient, cost-effective, and resilient defense 1B mitigates overall program risk.

C.1 Utilize DCMA Data for AoA

Manufacturing and Quality Tasks

e As part of manufacturing feasibility assessments of AoA concepts, request information and
data input for similar products and manufacturing processes from DCMA on:

Manufacturing maturity

Status and readiness of industrial capabilities
Current available facilities and equipment
Workforce availability and training

Quality system processes and results

O O O O O

e Ensure DCMA quality and manufacturing data is utilized in the analysis of the manufacturing
and quality requirements and feasibility for the AoA.
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Utilize DCMA manufacturing and quality data relevant for emerging technology maturity to
develop and provide recommendations/rationale for the AoA preferred concepts.

Utilize DCMA data to assist in identifying the manufacturing, quality, and/or supply chain
risks for similar products and processes relevant for the AoA.

Request and utilize DCMA manufacturing and quality data in support of the AoA to include
data that supports the following analyses:

0 Manufacturing System Analysis

= Supplier Surveillance
= Production Planning and Control System
= Material Management and Accounting System (MMAS)

0 Manufacturing Program and Product Analysis

= Development program specific surveillance
= Industrial Labor Relations
= Past Performance

0 Manufacturing Continuous Improvement and Analysis

= Surveillance of Supplier Continuous Improvement System
= Supplier Performance Measurement

0 Supply Chain System Analysis

= Materials Planning

= Supplier/Sub-tier Qualification/Requirements Flow Down

= Communication/Systems Integration

= Continuous Improvement

= Supplier Performance Measurement System and Surveillance Improvement
= Data Analysis, Statistics, and Sampling

0 Supply Chain Risk Assessment

» Risk Realization

» Program/Platform/Sector Analysis and Modeling
= Critical Item Risk

= Capacity/Lead Time Analysis

Metrics

As part of manufacturing feasibility assessments of AoA concepts, DCMA provided
information and data on similar products and manufacturing processes has been utilized and
included specifics on:

0 Manufacturing maturity
o Status and readiness of industrial capabilities
o Current available facilities and equipment
o Workforce availability and training
Manufacturing and Quality Management Body of Knowledge
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1255 0 Quality system processes and results

1256 e Quality and manufacturing data provided by DCMA has been utilized in the analysis of the
1257 manufacturing and quality requirements and feasibility for the AoA.

1258 ¢ DCMA data relevant emerging technology maturity has been utilized to develop and provide
1259 recommendations/rationale for the AoA preferred concept(s).

1260 e DCMA data has been utilized to assist in identifying the manufacturing and/or supply chain
1261 risks for similar products and processes relevant for the AoA.

1262 e DCMA data has been utilized to support the AoA to including data that supports the
1263 following analyses:

1264 0 Manufacturing System Analysis

1265 = Supplier Surveillance

1266 = Production Planning and Control System

1267 = MMAS

1268 0 Manufacturing Program and Product Analysis

1269 = Development program specific surveillance

1270 » Industrial Labor Relations

1271 = Past Performance

1272 0 Manufacturing Continuous Improvement and Analysis

1273 = Surveillance of Supplier Continuous Improvement System

1274 = Supplier Performance Measurement

1275 0 Supply Chain System Analysis

1276 = Materials Planning

1277 = Supplier/Sub-tier Qualification/Requirements Flow Down

1278 = Communication/Systems Integration

1279 = Continuous Improvement

1280 = Supplier Performance Measurement System and Surveillance Improvement
1281 = Data Analysis, Statistics, and Sampling

1282 0 Supply Chain Risk Assessment

1283 = Risk Realization

1284 = Program/Platform/Sector Analysis and Modeling

1285 = Critical Item Risk

1286 = Capacity/Lead Time Analysis

1287 Tools

1288 e DCMA Pre-Award Survey

1289 e DCMA Program Support Plan

1290 e AS6500 Checklist
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ISO 9000 Checklist

AS9100 Checklist

AO0A Study Plan Template, Sep 2009
SF 1404 Preaward Survey — Technical
SF 1405 Preaward Survey - Production
SF 1406 Preaward Survey — Quality

Resources

Air Force AoA Guide, June 2013

Air Force AoA Handbook, July 2008

AS6500, Manufacturing Management Program, Nov 2014
ISO 9000:2015, Quality Management Systems, Sep 2015
AS9100, Quality Management Systems, Sep 2016

DCMA Pre-award Survey Guide, (no date)

C.2 Utilize DCMA Data for Program Management

Manufacturing and Quality Tasks

Utilize the DCMA information and data provided for the AoA to support the development of
manufacturing and quality inputs to program documentation, planning, and investments with
respect to:

Manufacturing maturity

Industrial capability status and readiness
Facilities and equipment availability
Workforce availability and training
Quality system processes and results
Manufacturing and/or supply chain risks

©O OO0 0O O0Oo

Utilize DCMA data to support the manufacturing and quality inputs to systems engineering
trade studies, design, analyses, etc. Including information from DCMA reports on:

Manufacturing System Analyses

Manufacturing Program and Product Analyses
Manufacturing Continuous Improvement and Analysis
Supply Chain System Analysis

Supply Chain Risk Assessment

O O 0O 0O

Based on DCMA inputs, document and develop recommendations for manufacturing
investment programs mature emerging manufacturing technologies and industrial capabilities
(see D.3 and D.4).
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Request DCMA Contract Management Offices support development of manufacturing and
quality to program support plans for program contracts to ensure agreement on contract
oversight needs and perspectives with respect to:

0 Product support analysis
o Software development
o Counterfeit parts

0 Cyber security

Metrics

DCMA information and data provided for the AoA have been utilized to support the
development of manufacturing and quality inputs to program documentation, planning, and
needed investments with respect to:

Manufacturing maturity

Industrial capability status and readiness
Facilities and equipment availability
Workforce availability and training
Quality system processes and results
Manufacturing and/or supply chain risks

©O OO0 O 0O

DCMA analysis data has been utilized to support the manufacturing and quality inputs to
systems engineering trade studies, design, analyses, etc., which included information and
results from DCMA:

Manufacturing System Analyses

Manufacturing Program and Product Analyses
Manufacturing Continuous Improvement and Analysis
Supply Chain System Analysis

Supply Chain Risk Assessment

O O 0O O O

Based on DCMA inputs, recommendations for manufacturing investment programs mature
emerging manufacturing technologies and industrial capabilities have been developed and
documented (see D.3 and D.4).

DCMA Contract Management Offices have been requested to support development of
manufacturing and quality inputs to program support plans for program contracts to ensure
agreement on contract oversight needs and perspectives.

Army Manufacturing Technology (ManTech) Proposal Rating Template
Industrial Base Capabilities Assessment Questionnaire

Manufacturing Readiness Level Assessment Questionnaire

Pugh Matrix template

Technology Readiness Assessment Checklist

Manufacturing and Quality Management Body of Knowledge
DRAFT - Coordination Copy — January 2018
98



DRAFT
2. Materiel Solution Analysis (MSA) Phase

1363 Resources

1364 e DoD Directive 4200.15 DoD ManTech Program

1365 e Counterfeit Parts Prevention Strategy Guide, Jun 2014
1366 e DODI 5000.60 Defense Industrial Capabilities Assessments
1367 e DOD 5000.60H Assessing Defense Industrial Capabilities
1368 e ManTech Strategic Plan, Mar 2009

1369 e MRL Deskbook Version 2016

1370 e Technology Readiness Assessment Guidance, Apr 2011
1371 e DCMA-INST-204 Manufacturing and Production

1372 e DCMA-INST-205, Major Program Support

1373 e DCMA-INST-207 Engineering Surveillance

1374 e DCMA-INST-309 Government QA Surveillance Planning
1375 e DCMA-INST-325 Technical Reviews

1376 e DoDI 5000.02, change 1, Jan 2017

1377 C.3 Monitor and Identify Impacts to Program Ecosystem

1378  Manufacturing and Quality Tasks

1379 e Monitor and track external environment for potential impacts to manufacturing and quality
1380 for the program.

1381 o Environmental impacts to supply chain (legal and natural disasters)

1382 o Strategic and political changes/risks (domestic and foreign)

1383 o New laws and regulations (state and federal)

1384 0 Obsolescence impacts

1385 o New industry or updated standards (e.g., AS6500, IEEE 15288, etc.)

1386 e Monitor and track Industrial Base for trends, business startups, technology breakthroughs,
1387 etc. for impacts on manufacturing and quality

1388 e Monitor and track economic and business environment developments and impacts on
1389 manufacturing and quality with regard to:

1390 o0 Acquisitions

1391 0 Mergers

1392 0 Bankruptcies

1393 o0 Market changes/disruptions

1394 Metrics

1395 e Changes in the external environment, the economic and business environment, or the
1396 Industrial Base that have manufacturing and quality impacts and risks are being monitored
1397 and have been documented in the SEP.
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e Acquisition Strategy has been updated to reflect changes in the external environment, the
economic and business environment, or the Industrial Base that have manufacturing and
quality impact.

e Environmental, economic, and business, or Industrial Base changes that have manufacturing
and quality impacts on facilities, safety, tooling, etc. have been documented and mitigation
planning initiated.

e Hazardous Material Assessment Template
e |SO 9000 Checklist Section Preservation (Handling, Storage, Packaging and Delivery)
e Preliminary Hazard List (PHL) See PHA checklist

Resources

e 1SO 9000:2015, Quality Management System, Sep 2015

e 1SO 14001 Environmental Management

e MRL Deskbook Version 2016

e ESHO in Acquisition Guide, Apr 2009

e AS9100, Quality Management Systems, Sep 2016 - SCM Model

D. TECHNOLOGY AND INDUSTRIAL BASE (IB)

D.1 Update Industrial Base
Assessment and Analysis

0.4 Plan Potential
ManTech Projects|

0.5 Plan |B Risk|
Mitigation

0.2 Identify CTE Maturity|
and Limitations

D.3 Identify Mfg. Technalogy

D. Technology &
‘Gaps and Requirements

Industrial Base (IB)

The MSA phase identifies materiel solutions to address gaps in capability based on an Analysis of
Alternatives (AoA). The AoA is performed independent of the program management office and
forms the basis for selecting the recommended approaches for materiel solutions. During the AoA,
each competing alternative under consideration is analyzed for its impact to industrial and
manufacturing capabilities. The results of the analyses are used to quantify the differences between
alternatives based on the industrial and manufacturing capabilities and the resources needed.

The 1B assessments performed previously determine the likelihood that a proposed materiel solution
can be produced. The assessments identify relevant sources and potential unique manufacturing
capabilities, known gaps, risks, and potential sources, technological developments, market trends,
processes, environmental factors, and policies, etc. The IB analysis focuses on availability,
vulnerability, potential obsolescence, and actions necessary to mitigate.

The IB assessments identify the high-risk manufacturing areas and highlight the need for investments
in manufacturing technology improvements. These gaps must be identified early to reduce
acquisition costs by providing the required investments in manufacturing capabilities in time to
support production. The DoD ManTech program was created to address the concerns for high-risk
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manufacturing processes, with the objective of improving performance and reducing cost by
developing, maturing, and transitioning advanced manufacturing technologies.

The assessments and analyses also highlight the need to support, maintain, or enhance essential or
fragile industrial capabilities. The IB analyses identify the IB risks incurred in selecting a particular
design and highlight the need for mitigation of potential product or component obsolescence,
supplier fragility, and process economic feasibility.

Note: When industrial capabilities require an investment greater than $10 million and affect more
than one defense program or user, the need to support, maintain, or enhance essential or fragile
industrial capabilities the analyses and subsequent decisions must be coordinated within and across
the Components per DODI 5000.60.

D.1 Update Industrial Base Assessment and Analysis

Manufacturing and Quality Tasks

e Manufacturing and quality support the update of the IB assessments for concepts included in
the AoA (conduct if not previously accomplished) by:

o Ensuring identification of relevant sources including identification of unique
manufacturing capabilities that are not readily accessible or available (e.g., capability is
at maximum capacity, materials from a constrained source, etc.)

o Determining the likelihood that a proposed materiel solution can be produced using
existing manufacturing capabilities while meeting quality, production rate and cost
requirements

o Ensuring the concept requirements and capabilities assessments are updated to include:

= |dentification of all known gaps, risks, and potential sources for key processes,
technologies, and components

= Identification of all potential and future manufacturing and quality needs inclusive of
design, development, production, operation, and sustainment, and eventual disposal

= All technological developments, market trends, processes, environmental factors, and
policies, etc. that could potentially impact manufacturing and quality of the preferred
concepts

e Request updated DCMA industrial analysis data to support manufacturing and quality inputs
to the AoA, including data that supports the following analyses:

o0 Industrial Capability Assessments

0 Analytical Products

0 Defense Business and Economic Analyses
o0 Acquisition Planning Support

e Ensure the manufacturing and quality focus of the IB analyses is on the:
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o0 Capability to cost effectively design, develop, produce, maintain, support and restart the
program (if necessary)

0 Approach to making production rate and quantity changes that support a response to
contingency and support objectives

o Vulnerability of supply chain (to include sole, single, fragile, foreign sources, foreign
acquisition of domestic sources, and cybersecurity)

o Auvailability of essential raw materials, special alloys, composite materials, components,

tooling, and production test equipment required to include the availability of alternatives

for obtaining such items from within the NTIB

Potential obsolescence

Impact of external dependencies and integration

New and unique capabilities and processes

Actions necessary to mitigate existing IB gaps/risks and identifies when a needed

industrial capability could be lost

O O OO

o Prepare the manufacturing and quality inputs to the Industrial Base Capabilities
Considerations summary report to summarize the results for inclusion in the AS:

0 Recommend actions or investments that address risks to cost, schedule, performance, and
qualitative considerations

o0 Define and recommend how and when the actions would be incorporated into the budget
and schedule and, if possible, identify budget offsets

o If the required investment is greater than $10 million and is determined to affect more
than one defense program must be coordinated within and across the Components per
DODI 5000.60

Metrics

e The IB assessments for concepts included in the AoA have been updated (conduct if not
previously accomplished) and include manufacturing and quality inputs.

0 Relevant sources have been identified and documented including identification of unique
manufacturing capabilities that are not readily accessible or available (e.g., capability is
at maximum capacity, materials from a constrained source, etc.)

o0 The likelihood that a proposed materiel solution can be produced using existing
manufacturing capabilities while meeting quality, production rate and cost requirements
has been determined and quantified

= Identification of all known gaps, risks, and potential sources for key processes,
technologies, and components

= |dentification of all potential and future manufacturing and quality needs inclusive of
design, development, production, operation, and sustainment, and eventual disposal

= All technological developments, market trends, processes, environmental factors, and
policies, etc. that could potentially impact manufacturing and quality of the preferred
concept

Manufacturing and Quality Management Body of Knowledge
DRAFT - Coordination Copy — January 2018
102



1505
1506

1507
1508
1509
1510

1511

1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525

1526
1527
1528

1529
1530
1531
1532
1533
1534

1535
1536
1537

1538

1539
1540
1541
1542

Tools

DRAFT
2. Materiel Solution Analysis (MSA) Phase

The 1B assessment update included up-to-date DCMA industrial analysis data that supports
the following analyses:

0 Industrial Capability Assessments

0 Analytical Products

o0 Defense Business and Economic Analyses
o Acquisition Planning Support

The IB analyses focused on manufacturing and quality, and documented the following:

o Capability to cost effectively design, develop, produce, maintain, support and restart the
program (if necessary)

0 Approach to making production rate and quantity changes that support a response to
contingency and support objectives

o0 Vulnerability of supply chain (to include sole, single, fragile, foreign sources, foreign
acquisition of domestic sources, and cybersecurity)

o Availability of essential raw materials, special alloys, composite materials, components,

tooling, and production test equipment required to include the availability of alternatives

for obtaining such items from within the NTIB

Potential obsolescence

Impact of external dependencies and integration

New and unique capabilities and processes required

Actions necessary to mitigate existing IB gaps/risks and identifies when a needed

industrial capability could be lost

O O o0 O

The manufacturing and quality inputs to the Industrial Base Capabilities Considerations
summary report, summarizing the results, have been prepared for the report and are included
in the AS, including:

0 Recommended actions or investments that address risks to cost, schedule, performance,
and qualitative considerations

o0 Recommendations on actions to be incorporated into the program budget and schedule,
and if possible, identify budget offsets (when and how)

0 If the required investment was greater than $10 million and determined to affect more
than one defense program or user the following must be accomplished:

= The need to support, maintain, or enhance essential or fragile industrial capabilities,
the analyses, and subsequent decisions must be coordinated within and across the
Components per DODI 5000.60.

A0A Study Plan Template

Industrial Base Assessment Survey Form DCMA Industrial Analysis Center
MRL Assessment Checklist for Technology and Industrial Base thread
Army ManTech Proposal Rating Template
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Numerous M&S models are available that the contractor may use, we (government) should
be familiar with these tools

Resources

D.2

Air Force AoA Handbook, Jul 2008

DODD 4200.15 Manufacturing Technology (ManTech) Program, Sep 2002
DoDI 5000.02

DODI 5000.60 Defense Industrial Assessments, Jul 2014

DODI 5000.60H Defense Industrial Capabilities Assessments, Apr 1996
MRL Deskbook Version 2016

DFARS 207.105

DoDI 5000.60

DoDI 5000.02, Change 1, Jan 2017

10 USC 82440, Technology and Industrial Base Plans

Identify Critical Technology Element (CTE) Maturity and Limitations

Manufacturing and Quality Tasks

Identify the CTEs and assess the manufacturing and quality maturity for the AoA.

0 Include necessary hardware and the associated embedded software maturity

o ldentify mature components, subsystems, manufacturing and quality processes, and
alternatives for each immature CTE, and specify a plan for increasing the manufacturing
and quality maturity

Assess the manufacturing feasibility, and manufacturing and quality processes associated
with each CTE in the validated ICD, and develop a plan to improve and/or maintain maturity.

0 Include integration risk associated with the CTEs in trade studies and development
0 Include CTE interdependencies and associated risks

For the ASR, conduct manufacturing and quality analyses to document the likelihood that the
CTEs will mature to the required level to meet operational effectiveness and suitability with
an acceptable level of risk.

Ensure that the upcoming phase RFP addresses manufacturing and quality maturation of
critical technologies.

Metrics

As part of the AoA, the CTEs have been identified, assessed, and documented for
manufacturing and quality maturity.

0 Necessary hardware and the associated embedded software maturity has been included
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For the AoA preferred concept(s), mature components, subsystems, processes, and
alternatives for each immature CTE have been identified and documented as manufacturing
and quality inputs in the appropriate program documentation (AS, SEP, etc.).

o Plans for increasing the manufacturing and quality maturity have been developed and
documented

The manufacturing feasibility, and manufacturing and quality processes associated with each
CTEs have been documented in the draft CDD, and have been included in the AS and SEP
with the plans to improve and/or maintain maturity documented.

0 Includes manufacturing and quality integration risks associated with the CTEs in trade
studies and development
o0 Includes CTE manufacturing and quality interdependencies and associated risks

As part of the ASR, analyses that document the likelihood that the CTE manufacturing and
quality maturity will meet the required level of operational effectiveness and suitability with
an acceptable level of risk have been provided and included.

The plan for manufacturing and quality maturation of critical technologies has been
documented in the RFP.

MRL Assessment Checklist for Technology and Industrial Base thread
Producibility Assessment Worksheet (PAWS)

Technology Readiness Assessment

TRL Calculator

Resources

D.3

Defense Acquisition Program Support Methodology, Ver. 3.0
MRL Deskbook Version 2016

NAVSO P-3687Producibility Systems Guidelines, Dec 1999
Technology Readiness Assessment Guidance, Apr 2011

Identify Manufacturing Technology Gaps and Requirements

Manufacturing and Quality Tasks

Conduct manufacturing and quality assessments to identify gaps and high-risk in
manufacturing processes needed for the preferred concept(s).

0 Analyze identified advanced manufacturing capabilities to definitize requirements
0 Analyze the gaps for potential manufacturing technology solutions that mitigate the risks
o Estimate manufacturing and quality cost, schedule, and performance impacts
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Identify potential investments in manufacturing and quality technology that address gaps and
risks.

Conduct a survey that includes both DCMA reports and analyses, and the ongoing the DoD
ManTech Program projects for potential solutions to manufacturing technology gaps.

0 Request DCMA provide relevant data
0 Request ManTech assistance to identify processes and components

Identify and develop manufacturing and quality assistance requests to DoD and/or
component manufacturing technology programs that support:

o ldentification of new manufacturing processes associated with the program and candidate
components for the identified processes

o ldentification of low-yield processes and components

o Development of requests for information from other government agencies, industry, and
academia responses to warfighter needs

Identify recommendations for program and contracting personnel on emerging manufacturing
and quality technology investments and Title Il initiatives.

Metrics

Manufacturing and quality assessments have identified and documented gaps and high-risk
manufacturing processes required for the preferred concept(s).

0 Advanced Manufacturing capabilities necessary for the preferred concept have been
identified and documented along with associated risks.

0 Gaps have been analyzed and results documented for potential manufacturing technology
solutions that mitigate the risks

0 Manufacturing and quality cost, schedule, and performance impacts have been identified
and documented

Potential investments in manufacturing and quality technology that address gaps and risks
have been identified and documented.

DCMA reports and analyses and ongoing ManTech projects have been identified, assessed,
and documented for potential solutions that mitigate gaps in the preferred concept.
Manufacturing and quality assistance requests to DoD and/or component ManTech programs
have been developed that support:

o ldentification of new manufacturing processes associated with the program and candidate
components

o Identification of low-yield processes and components

0 Requests for information from other government agencies, industry, and academia

Recommendations for program and contracting personnel on emerging manufacturing and
quality technology investments and Title 111 initiatives have been identified and documented.
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Army ManTech Proposal Rating spreadsheet

ManTech Phase | project questionnaire

MRL Assessment Checklist for Technology and Industrial Base thread
Pugh Matrix

Technology Roadmap

TRL Assessment Checklist

Resources

Air Force Technology Development and Transition Strategy Guidebook, Nov 2010
Defense Manufacturing Management Guide for PMs, Chapter 8, Technology Development
and Investments

DoDI 5000.02, Change 1, Jan 2017

DoD Directive 4200.15, ManTech, Sep 2002

MRL Deskbook Version 2016

Technology Readiness Assessment Guidance, Apr 2011

D.4 Plan Potential ManTech Projects

Manufacturing and Quality Tasks

Develop plans for identified gaps and high-risk manufacturing processes that require
investments in ManTech or other manufacturing programs.

Develop a comprehensive plan for each required potential ManTech investment that
mitigates manufacturing and quality technology gaps for the preferred concept.

o Determine potential funding sources for ManTech projects (Program Office, Service,
and/or DoD-wide funding)

Utilize both DCMA reports and analyses and ongoing ManTech projects to support planning
for potential solutions to manufacturing and quality technology gaps.

0 Include relevant DCMA and ManTech program data
0 Request manufacturing and quality planning support from DoD and/or component
manufacturing technology programs for:

= Development of new manufacturing processes associated with the program and
candidate components for the identified processes

= Development and maturation of low-yield processes and components

= Program and contracting personnel supporting manufacturing technology investments
and Title I initiatives

= Evaluating and maturing emerging manufacturing technology maturity
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1679 Metrics

1680 e A comprehensive plan for each required potential ManTech investment that mitigates
1681 manufacturing and technology gaps for the preferred concept has been developed.

1682 o Potential budget offsets and/or funding sources for ManTech projects have been

1683 determined (Program Office, Service, and/or DoD-wide funding)

1684 e Both DCMA reports and analyses and ongoing ManTech projects have been utilized to
1685 support planning for potential solutions to manufacturing and quality technology gaps.
1686 0 Relevant DCMA and ManTech program data has been included

1687 0 Manufacturing and quality planning support has been requested and documented from
1688 DoD and/or component manufacturing technology programs for:

1689 = Development of new manufacturing processes associated with the program and
1690 candidate components for the identified processes

1691 = Development and maturation of low-yield processes and components

1692 = Program and contracting personnel supporting manufacturing technology investments
1693 and Title 11 initiatives

1694 = Evaluating and maturing emerging manufacturing technology maturity

1695 e Plans for identified high-risk manufacturing process areas that may require investments in
1696 ManTech or other manufacturing programs have been developed with recommendations
1697 documented.

1698 e A comprehensive plan for each required investment has been developed for the AS.

1699 Tools

1700 e Army ManTech Proposal Rating spreadsheet

1701 e ManTech Phase | project questionnaire

1702 e MRL Assessment Checklist for Technology and Industrial Base thread

1703 e TRL Assessment Checklist

1704 Resources

1705 e Air Force Technology Development and Transition Strategy Guidebook, Nov 2010

1706 e Defense Manufacturing Management Guide for PMs, Chapter 8, Technology Development
1707 and Investments

1708 e DoDI 5000.02, Change 1, Jan 2017

1709 e DoD Directive 4200.15, ManTech, Sep 2002

1710 e MRL Deskbook Version 2016

1711 e Technology Readiness Assessment Guidance, Apr 2011
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D.5 Plan IB Risk Mitigation

Manufacturing and Quality Tasks

Identify all manufacturing and quality capability risks that impact the preferred concept.
Develop a mitigation strategy and plan for each manufacturing and quality 1B risk.
Develop an IB capabilities plan with contingencies to identify and mitigate the current and
future manufacturing and quality capability risks. Plan should identify and mitigate:

o All manufacturing and quality capabilities that should be maintained throughout the life
of the program

0 Items projected to go out of production and plan for product or technology obsolescence,
lifetime replacement, or regeneration

o Fragility of unique manufacturing and quality capabilities and any facilities or
corporations that provide unique services or products

0 The approach to making production rate and quantity changes that support a response to
contingency and support objectives

o Vulnerability of supply chain (to include sole, single, fragile, foreign sources, and foreign
acquisition of domestic sources)

o Auvailability of essential raw materials, special alloys, composite materials, components,
tooling, and production test equipment required to include the availability of alternatives
for obtaining such items from within the NTIB

o0 Impact of external dependencies and integration

o0 New and unique capabilities and processes

Metrics

All manufacturing and quality capability risks that impact the preferred concept from being
produced have been identified and documented.

A mitigation strategy and plan for each manufacturing and quality 1B risk has been
developed.

An IB capabilities plan to address the current and future required manufacturing and quality
capabilities has been developed and documented and addresses risk identification and
mitigation of:

o All manufacturing and quality capabilities necessary should be maintained throughout the
life of the program

o All items projected to go out of production and a plan for product or technology
obsolescence, lifetime replacement, or regeneration

o Fragility of unique manufacturing and quality capabilities and any facilities or
corporations that provide unique services or products

o Production rate and quantity changes that support a response to contingency and support
objectives

o Vulnerability of supply chain (to include sole, single, fragile, foreign sources, and foreign
acquisition of domestic sources)
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o0 Auvailability of essential raw materials, special alloys, composite materials, components,
tooling, and production test equipment required to include the availability of alternatives
for obtaining such items from within the NTIB

o0 Impact of external dependencies and integration

o New and unique capabilities and processes

e The IB capabilities plan for current and future manufacturing and quality capability risks has
been developed and is documented in the AS and SEP.

e Manufacturing/QA Risk Mitigation Plan (no Template available)
e MRL Assessment Checklist for Technology and Industrial Base thread
e Industrial Base Sector Plans (no specific tool)

Resources

e DoD Handbook 5000.60H, Assessing Defense Industrial Capabilities, Part |1, Chapter 5
Identify and evaluate Alternative Actions, Apr 1996

e DODI 5000.60 Defense Industrial Assessments, Jul 2014

e MRL Deskbook Version 2016, Chapter 5.2 Development of a Manufacturing Maturation
Plan

E. DESIGN

E.1 Assess Mfg.

E.3 Participate
Feasibility for AcA inIPT

E.2 Initial Producibility
Planning

E.4 Identify Key|
Characteristics

E. Design ‘

The MSA phase presents the first real opportunity to influence system design and begin planning for
production by balancing requirements against producibility, manufacturability, and affordability. The
Ao0A Team should ensure that a manufacturing feasibility assessment is accomplished as a part of the
AO0A. The feasibility assessment includes:

e Producibility of the potential design concepts

e Critical manufacturing processes and special tooling development which will be required
e Test and demonstration required for new materials

e Alternate design approaches within the individual concepts

e Anticipated manufacturing risks and potential cost and schedule impacts

The feasibility analyses determine the likelihood that a proposed materiel solution(s) can be produced
using existing manufacturing capabilities while meeting quality, production rate and cost
requirements. The feasibility assessments also identify the manufacturing risks incurred and the
manufacturing capability gaps in selecting a particular design. Without these assessments, the PM,
once assigned, may find that the program cannot be accomplished within the defined cost and
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schedule thresholds as a result of incompatibilities between the system design and the manufacturing
capability available to execute it.

At the close of the AoA, a program office is assigned ownership of the approach. At this point, the
program management establishes the appropriate IPT structure to support program execution. The
IPT structure begins with the Over-arching Program IPT (OIPT). Additional IPTs will be designated
as needed to support development of the proposed materiel solution(s). The IPTs may eventually
include program activities from the macro to the micro (e.g., Systems Engineering; Design; Risk,
Issue, and Opportunity Management; Manufacturing and Quality; Configuration Management;
Critical Subsystems, components, and items, etc.). Not all IPTs will be present at all phases of
development, however, manufacturing and quality participation and inputs to all program IPTs is
essential to program success.

The IPTs conduct systems engineering analyses to support the development of the AS and the SEP.
The MSA phase also provides the opportunity to influence system design and plan for production by
evaluating technology opportunities and current practices against cost, schedule, and performance.
The intent is to reduce technical risk, validate designs, validate cost estimates, evaluate
manufacturing processes, and refine requirements. The PM is responsible for manufacturing, quality,
and producibility risk identification and management throughout the program’s life cycle.
Manufacturing and quality representatives will plan and conduct assessments of manufacturing and
quality readiness and risk to be documented in the SEP.

As part of the IPTs, manufacturing and quality should conduct analyses that include initial
producibility analyses. The IPTs should examine the management of overall requirements and the
use of industry best practices, tools, and techniques in development of the established concept.
Producibility analyses should include statistical process control, product characterization, modeling
and simulations, and lessons learned from similar and/or prior programs.

Systems engineering analyses will also determine the initial KPPs and initial KSAs. User
requirements need to be expressed in terms of KPPs and other quantifiable parameters to include:

e System performance requirements to meet mission requirements; and

e The full range of sustainment requirements (materiel availability, production capability,
reliability, maintainability, logistics footprint, supportability criteria, etc.) needed to meet
system sustainability and affordably over the life cycle.

The KPPs and the KSAs should have threshold values consistent with the requirements specified in
the ICD and the performance specified in the preliminary performance specifications. The initial
KPPs and KSAs will be documented in the draft CDD. From the initial KPPs and KSAs,
manufacturing and quality analyses will determine the features of a material, system, subsystem,
item, or component whose variation has significant influence on fit, performance, service life, or
manufacturability. These features are the KCs, which will be linked to manufacturing processes with
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associated risks, and should be included as manufacturing and quality considerations in the AS and

SEP.

E.1 Assess Manufacturing Feasibility for AoA

Manufacturing and Quality Tasks

e Update assessments of manufacturing feasibility for the AoA preferred concepts including
the industrial capabilities required to design, develop, manufacture, and maintain each.

(0}

Update the anticipated manufacturing and quality risks for potential cost and schedule
impacts

Update the producibility and manufacturability assessments for each concept

Analyze each AoA concept for manufacturing and producibility gaps and risks including:

Critical and unique manufacturing process requirements
Alternate design approaches within the concepts
Material requirements

Supply chain requirements

Production rate requirements

Facility requirements

Special tooling development requirements

Test and demonstration requirements for new materials
Manufacturing capability obsolescence

Manufacturing capability sustainment

e Ensure assessments provide the data required for the initial manufacturing and producibility
inputs to KPPs and KSAs

Metrics

e Manufacturing feasibility assessments for the AoA preferred concepts including the industrial
capabilities required to design, develop, manufacture, and maintain each have been updated
and documented.

(0}

Anticipated manufacturing and quality risks for potential cost and schedule impacts have
been updated

Initial producibility and manufacturability assessment for each of concepts have been
updated

Each AoA concept has been analyzed for manufacturing and producibility gaps and risks
including:

Critical and unique manufacturing process requirements
Alternate design approaches within the concepts
Material requirements

Supply chain requirements
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= Production rate requirements

= Facility requirements

= Special tooling development requirements

= Test and demonstration requirements for new materials
= Manufacturing capability obsolescence

= Manufacturing capability sustainment

Data required for the initial manufacturing and producibility inputs to KPPs and KSAs has
been documented.

Manufacturing Producibility Assessment Worksheet (PAWS)

MRL Assessment Checklist for Design thread

TRL Assessment Checklist

Industrial Base Assessment Survey Form DCMA Industrial Analysis Center
Market Research Reporting Template

Preliminary Hazards List Developed

Pugh Matrix

TRIZ Matrix

Resources

MRL Deskbook Version 2016

Producibility Systems Guidelines, NAVSO P-3687, Dec 1999
Technology Level Assessment Guidance, Apr 2011

ESOH in Acquisition Guide, Apr 2009

DODI 5000.60 Defense Industrial Assessments, Jul 2014
DoD Market Research Guide May 2012

DoDI 5000.02, Change 1, Jan 2017

E.2 Participatein IPTs

Manufacturing and Quality Tasks

Manufacturing and quality IPT(s) participants provide design inputs and design support to:

Developing initial view of system requirements and system design concepts
Formulating initial system solutions

Developing a system functional definition that incorporates the user needs
Engineering analyses

Initial design trade studies including external dependencies

Creating a system specification document

Developing preliminary system functional and performance requirements
Deriving and documenting draft KPPs and KSAs

O OO0 0O O0OO0O0Oo
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Modeling and simulation planning

Identify critical technologies, and conduct a manufacturing maturity assessments of the
hardware and embedded software options

Identify and assess manufacturing and quality risks as part of identification and
assessment of system level risks

Manufacturing and quality IPT(s) participants provide inputs and support to:

(0]
(0]

(0]

Metrics

Tools

Program management reviews

Other program IPTs (e.g., Systems Engineering, Configuration Management, Risk
Management, Producibility etc.)

The AS, SEP, draft CDD, and the TEMP in preparation for and participation in the ASR

Manufacturing and quality IPT(s) participants have provided documented design inputs and
design support to:

O O 0O OO0 OO0 O

o O

Developing initial view of system requirements and system design concepts
Formulating initial system solutions

Developing a system functional definition that incorporates the user needs
Engineering analyses

Initial design trade studies including external dependencies

Creating a system specification document

Developing preliminary system functional and performance requirements

Deriving and documenting draft Key Performance Parameters (KPPs) and Key System
Attributes (KSAS)

Modeling and simulation planning

Identify critical technologies, and conduct a manufacturing maturity assessments of the
hardware and embedded software options

Identify and assess manufacturing and quality risks as part of identification and
assessment of system level risks

Manufacturing and quality IPT(s) participants have provided documented inputs and support

to:

(0]
(0]

(0]

Program management reviews

Other program IPTs (e.g., Systems Engineering, Configuration Management, Risk
Management, etc.)

The AS, SEP, draft CDD, and the TEMP which are up-to-date in preparation for and
participation in the ASR

AS Outline
Draft CDD Template
SEP Outline
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TEMP Template
MRL Assessment Checklist for Design thread
Technology Readiness Assessment

SEP Outline, 2011

Acquisition Plan Preparation Guide, Jan 2009
CDD-CPD Writing Guide, Feb 2015

MRL Deskbook Version 2016

SEP Outline, Jun 2015

Technology Level Assessment Guidance, Apr 2011
Test and Evaluation Management Guide, Dec 2012

Initial Producibility Planning

Manufacturing and Quality Tasks
Establish a Producibility sub-IPT.

(0]
(0]
(0]

Implement a producibility risk management process
Identify and deploy producibility design guidelines
Identify producibility best practices to be followed

Analyze potential manufacturing and quality process risks and capabilities to determine
producibility goals to include:

(0}

(0]
(0]
(0]

Identification and analysis of state of the art manufacturing and production M&S
approaches

Critical manufacturing and quality processes (yield and rates, if available)
Potential cost and schedule impacts

Special tooling, testing and qualification

Provide producibility planning guidance that emphasizes efficient manufacturing and product
design and addresses:

(0}
(0}

Industry best practices, tools, and techniques
Design analyses that include:

» Requirements validation analyses

* FMEA

» Trade studies on alternative product and process designs
= Product complexity analyses

= Manufacturing process analyses

= Quality and quality process analyses

= Design for Manufacture and Assembly

= Tolerance analyses
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Costs, cost drivers, and controls

Material characterization and goals

KCs

Risk and risk mitigation planning

Prototypes

Learning curve projections

Planning for product and process measurements
Statistical Process Control (SPC)

Data and database management

Testing

Ensure producibility planning is incorporated into the Manufacturing Management Plan.

Metrics

A Producibility sub-1PT has been established.

(0]
(0]
(0]

A producibility risk management process has been established

Producibility design guidelines have been identified, documented, and deployed
Producibility program best practices have been identified, and followed (e.g., standards
from SAE, ISO, ASME, ANSI, etc.)

Potential manufacturing and quality process risks and capabilities have been analyzed and
producibility goals determined and documented. Analyses included:

(0]

(0]
(0]
(0]

Identification and analysis of state of the art manufacturing and production M&S
approaches

Critical manufacturing and quality processes

Potential cost and schedule impacts

Special tooling, testing and qualification

Producibility planning guidance has been developed and provided as input to the
Manufacturing Management Plan, the RFP, the AS, and includes the following:

(0]

(0]

Identification and documentation of required producibility best practices, tools, and
techniques
Design analyses documentation including:

= Requirements validation analyses

= Failure Modes and Effects Analysis

= Trade studies on alternative product and process designs
= Product complexity analyses

= Manufacturing process analyses

= Quality and quality process analyses

= Design for Manufacture and Assembly

= Tolerance analyses

Estimates of costs, cost drivers, and controls
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Identification and documentation of materials characterization and goals
Identification and documentation of KCs

Identification and documentation of risk and planned risk mitigation
Requirements and plans for prototypes

Documentation of learning curve projections

Documentation of plans for product and process measurements (producibility
measurement)

Requirements and plans for SPC

Documentation of plans for collection of data and database management

0 Requirements and plans for testing (in process and TEMP)

O O O O O O

O O

Benchmarking

Quality Functions Deployment (QFD)

Six Sigma and Lean

FMEA

MRL Assessment Checklist for Design thread

Design Failure Modes and Effects Analysis (DFMEA)

Process Failure Modes and Effects Analysis (PFMEA)

Design for Manufacture and Assembly (DFMA)

Design of Experiments (DOE)

Producibility Engineering and Planning (PEP) Data Item Description

Resources

E.4

Program Management Guidelines, Jan 1985

Defense Manufacturing Management Guide for Program Managers, Chapter 7.6
Producibility Engineering and Planning (PEP)

MRL Deskbook Version 2016

Identify Key Characteristics (KC)

Manufacturing and Quality Tasks

Provide manufacturing and quality inputs and support to deriving and documenting draft
KPPs, KSAs, and Additional Performance Attributes (APA).

Perform analyses of initial KPPs, KSAs, and APAs to determine the features of a material,
system, subsystem, item, or component whose variation has significant influence on fit,
performance, service life, or manufacturability and develop initial KCs.

o Provide analysis and quantification of constraints to form, fit, and function for the
preferred concept
o0 Provide linkage to manufacturing and quality processes and risks
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e Provide analyses of draft KPPs, KSAs, and initial determination of KCs as manufacturing
and quality inputs to program documentation.

Metrics

e Manufacturing and quality inputs and support to derive and document draft KPPs, KSAs, and
APAs has been provided.

e Analyses of KPPs, KSAs, and APAs have been performed and initial KCs have been
developed and documented.

o Analysis and quantification of constraints to form, fit, and function for the preferred
concept has been provided
o0 Linkage to manufacturing and quality processes and risks has been documented

o Draft KPPs, KSAs, and initial KCs have been provided as manufacturing and quality inputs
and documented in the AS, SEP, draft CDD, and the TEMP and maintained up-to-date.

e MRL Assessment Checklist for Process Capability and Control thread
e Critical to Quality Tree

¢ FMEA

e Process Capability Analysis Worksheet

e Producibility Assessment Checklist

e TRL Assessment Checklist

Resources

e AS6500, Manufacturing Management Program, Nov 2014

e AS9103, Variation Management of KCs

e JCIDS Manual

e MRL Deskbook Version 2016

e NAVSO P-3687 Producibility Systems Guidelines, Dec 1999
e Technology Readiness Assessment Guidance, Apr 2011

F. COST/FUNDING

F.1 Identify Mfg. and
Quality Cost Drivers

F.2 Refine Cost F.3 Prepare Initial Mfg.
Model and Quality Budget

F. Cost/Funding ‘

Detailed manufacturing and quality cost estimates cannot be finalized during the MSA phase, but
cost drivers can be identified and initial cost estimates developed based on proposed materials and
processes that are inherent in the proposed materiel solution(s).

Producibility cost drivers can be assessed and investments in manufacturing technologies can be
estimated. These estimates can be used to support development of the program cost estimates and the
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2073 initial manufacturing investment budget. Cost estimates will be used to evaluate affordability (a
2074  discriminator) and in establishing initial thresholds for the proposed materiel solution(s). In most
2075  cases, the estimates will be developed by the use of statistically based cost estimating relationships or
2076 by comparison of the proposed systems with similar systems whose costs are known. The cost

2077  estimates incorporate the manufacturing and quality risks assessed during the AoA and at the ASR.
2078  The cost estimates will be used for evaluating and selecting a preferred system for the Milestone A
2079  decision and entry into the TMRR phase.

2080 F.1 Identify Manufacturing and Quality Cost Drivers

2081  Manufacturing and Quality Tasks

2082 o |dentify manufacturing, quality, materials, and unique or specialized requirements and
2083 associated risks that are cost drivers for the AoA and update for the ASR.

2084 o0 Include assumptions on process, materials, rate, supplier quality, workforce, special
2085 handling, environmental compliance, security, etc. and quantify the cost driver

2086 uncertainties

2087 o Estimate the cost of quality for each concept

2088 o Estimate the cost and impact of testing requirements

2089 e Identify producibility cost drivers and associated risks for the AoA and update for the ASR.
2090 o Estimate impact of producibility opportunities and risks on rates, process, throughput,
2091 etc.

2092 o0 Estimate cost of implementation for producibility improvements

2093 e Provide updates to the CARD with the manufacturing and quality inputs for the ASR.
2094 o Provide manufacturing and quality cost sensitivity analyses updates

2095 Metrics

2096 e Manufacturing, quality, materials, and unique or specialized requirements cost drivers and
2097 associated risks have been identified and documented for the AoA and updated for the ASR.
2098 0 Assumptions on process, materials, rate, supplier quality, workforce, special handling,
2099 environmental compliance, security, etc. are included

2100 o Cost driver uncertainties for appropriate assumptions have been quantified and

2101 documented

2102 0 Cost of quality has been estimated and documented

2103 o0 Cost and impact of test requirements have been documented

2104 e Producibility cost drivers and associated risks for the AoA have been identified, documented,
2105 and updated for the ASR.

2106 o0 Impacts and cost of implementation have been estimated and documented

2107 e Updates to the CARD have been provided with the manufacturing and quality inputs updated.
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0 Manufacturing and quality cost sensitivity analyses have been updated

Cost and Lead Time Estimating Worksheet
Cost/Schedule Control System Criteria (see EVM)
Design to Cost Estimates

Manufacturing Cost Estimating Spreadsheet

MRL assessment for the Cost Thread

Cost, Schedule Control Systems Criteria (CSCSC)
See CAPE website for tools

Resources

Cost/Schedule Control System Criteria Reference Guide, Dec 1992

Manufacturing Cost Estimating, see the Defense Manufacturing Management Guide for
Program Managers, Chapter 9

MIL-HDBK-766 Design to Cost, Aug 1998

MRL Deskbook Version 2016

o CAPE Website http://www.cape.osd.mil/

0 Guidelines for the Preparation and Maintenance of the Cost Analysis Requirements
Description

0 Guidelines for the Preparation and Maintenance of CARD Tables

F.2 Refine Cost Model

Manufacturing and Quality Tasks

Provide manufacturing and quality inputs to update cost targets and error bands for proposed
materiel solutions for the AoA.

0 Review the assumptions behind these targets

o0 Prepare detailed manufacturing and quality process charts to ensure the validity behind
cost targets

o ldentify and quantify manufacturing and quality cost variables

0 Quantify the uncertainties

Update the cost estimates for the proposed materiel solutions for the AoA including estimates
for:

KCs and key processes

Variability reduction needs

Manufacturing environment simulations
Cost/performance trade studies

Manufacturing and quality capability requirements

O O O o0 O
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2143 0 Product and process validation requirements

2144 o0 Key supplier management

2145 0 Producibility

2146 o Environmental compliance

2147 0 Manufacturing systems security (physical, cyber, etc.)

2148 e Upon completion of the AoA, develop manufacturing and quality inputs to initial cost models
2149 for the preferred solution.

2150 o Verify cost models include all manufacturing and quality process variables

2151 o Provide manufacturing and quality inputs to the CARD for the appropriate cost categories
2152 o0 Provide initial manufacturing and quality inputs (cost models estimates) to the ASR

2153 Metrics

2154 e Manufacturing and quality inputs to update cost targets and error bands for proposed materiel
2155 solutions have been provided and documented for the AoA.

2156 0 Assumptions supporting these targets are documented

2157 o Detailed manufacturing and quality process charts have been developed to ensure the
2158 validity of cost targets

2159 o0 Manufacturing and quality cost variables and uncertainties have been identified,

2160 quantified, and documented

2161 e Cost estimates for the proposed materiel solutions have been updated for the AoA and
2162 include estimates for:

2163 0 KCs and key processes

2164 o Variability reduction needs

2165 0 Manufacturing environment simulations

2166 o0 Cost/performance trade studies

2167 0 Manufacturing and quality capability requirements

2168 o0 Product and process validation requirements

2169 o0 Key supplier management

2170 o0 Producibility

2171 o Environmental compliance

2172 0 Manufacturing systems security (physical, cyber, etc.)

2173 e With completion of the AoA, initial cost model manufacturing and quality inputs have been
2174 developed and documented for the preferred solution.

2175 0 Cost models verified and documented to include all manufacturing and quality process
2176 variables

2177 o Manufacturing and quality inputs for the appropriate cost categories have been provided
2178 for CARD update

2179 o Initial manufacturing and quality inputs (cost models estimates) provided to the ASR
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2180

2181
2182
2183
2184
2185
2186

2187

2188
2189
2190
2191
2192
2193
2194
2195
2196
2197
2198

2199

2200
2201

2202
2203
2204
2205
2206
2207
2208

2209
2210
2211
2212
2213
2214
2215

Tools

Resources

DRAFT
2. Materiel Solution Analysis (MSA) Phase

Analogy and Parametric estimating

CARD - Cost Analysis Requirements Description (see CAPE website for tools)
Manufacturing Readiness Level Assessment Checklist, Cost and Funding Thread
Cost and Lead Time Estimating Worksheet

Cost/Schedule Control Systems Criteria (C/SCSC)

Manufacturing Cost Estimating Worksheet

Parametric Estimating Handbook, Apr 2008

CARD - Cost Analysis Requirements Description Template (See CAPE website for
guidance)

Cost/Schedule Control Systems Criteria Reference Guide, Sep 1992

DODI 5000.73 Cost Analysis Guidance and Procedures, Jun 2015

MRL Deskbook Version 2016

MIL-HDBK 766 Design to Cost, 1989

CAPE Website

Guidelines for the Preparation and Maintenance of the Cost Analysis Requirements
Description

Guidelines for the Preparation and Maintenance of Card Tables

F.3 Prepare Initial Manufacturing and Quality Budget

Manufacturing and Quality Tasks

Provide manufacturing and quality cost estimates for the TMRR budget.

(0]

Verify that cost estimates include all manufacturing and quality cost drivers and risk
estimates from the updated cost model

Provide updated producibility cost drivers and risk estimates to budget process
Provide quantified manufacturing and quality cost driver uncertainties and associated
budget impact estimates as inputs to the budget process

Provide investment estimates in manufacturing and quality technologies, processes,
equipment, etc. as inputs to the budget process to include:

= Capital equipment (tooling, machines, structures, etc.)

= Test equipment (specialized, environmental, etc.)

= Facilities and modifications/expansion (handling, storage, transportation, disposal,
etc.)

= GFE

= Environmental compliance (processes, facilities, equipment, etc.)

= Manufacturing systems security (physical, cyber, etc.)

Manufacturing and Quality Management Body of Knowledge
DRAFT - Coordination Copy — January 2018
122



2216
2217

2218
2219
2220
2221

2222
2223

2224

2225
2226

2227
2228
2229
2230
2231
2232
2233
2234

2235
2236
2237
2238
2239
2240
2241

2242
2243
2244

2245
2246
2247
2248

2249
2250
2251
2252
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o Utilize statistically based cost estimating for comparisons of manufacturing and quality
aspects of the proposed system with similar systems whose costs are known

Verify affordability cost estimates are utilized to establish manufacturing and quality initial
thresholds.

Identify potential ManTech investments that mitigate manufacturing and quality technology

gaps.

o ldentify potential funding sources for ManTech projects (program office, Service, and/or
DoD-wide funding)

Metrics

Tools

Manufacturing and quality cost estimates have been provided and documented as part of the
TMRR budget.

o0 Cost estimates have been verified and documented to include all manufacturing and
quality cost drivers and risk estimates from the updated cost model

0 Updated producibility cost drivers and risk estimates have been provided to the budget
process

o Quantified manufacturing cost driver uncertainties and associated budget impact
estimates have been provided as inputs to the budget process

o Investment estimates for manufacturing and quality technologies, processes, equipment,
etc. have been provided as inputs to the budget process and included:

= Capital equipment (tooling, machines, structures, etc.)

= Test equipment (specialized, environmental, etc.)

= Facilities and modifications/expansion (handling, storage, transportation, disposal,
etc.)

» GFE

= Environmental compliance (processes, facilities, equipment, etc.)

= Manufacturing systems security (physical, cyber, etc.)

o Statistically based cost estimating has been utilized and documents comparisons of
manufacturing and quality aspects of the proposed system to similar systems whose costs
are known

Affordability cost estimates have been utilized, verified, and document initial manufacturing
and quality thresholds.

Potential ManTech investments have been identified and documented for mitigation of
manufacturing and quality technology gaps.

o Potential offsets and funding sources determined for ManTech projects (program office,
Service, and/or DoD-wide funding)

Manufacturing Feasibility Assessment Checklist?
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2253
2254
2255

2256

2257
2258
2259
2260
2261

2262

2263

2264
2265
2266
2267
2268
2269
2270
2271

2272
2273
2274
2275
2276
2277
2278
2279

2280

2281
2282

2283
2284
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e See CAPE website for tools
e Manufacturing Cost Estimating Spreadsheet
e Manufacturing Readiness Level Assessment Checklist, Cost and Funding Thread

Resources

e See CAPE website for guidance

e MRL Deskbook Version 2016

e CARD - Cost Analysis Requirements Description Template (See CAPE website for
guidance)

e DODI 5000.73 Cost Analysis Guidance and Procedures, Jun 2015

G. MATERIALS MANAGEMENT

G. Materials ‘
Management

G.1 Evaluate Materials .2 Determi
Characteristics and Maturity Materials Risk

One of the major tasks of the MSA phase is to answer the question “Can you build it?” (i.e., evaluate
manufacturing feasibility). Generally, this task begins with materials; their capability, maturity,
availability, and handling characteristics. In early MSA phase, the characteristics of each material
must be assessed for each concept chosen in the AoA. Many new and emerging materials are
identified during the MSA phase, and each carry potential risks. Material capability, maturity,
availability, sources, and handling characteristics are key determinates of manufacturing and quality
risks. Thus, the early MSA phase is a series of trade studies to identify materiel solutions and to
address gaps in capability.

Inherent in addressing manufacturing and quality risks is an analysis and understanding of the
maturity of material properties, characteristics, and quality requirements. This analysis should
address scale-up and lead-time requirements, as well as manufacturing and quality processes for all
materials, especially those that are hazardous, difficult to obtain, process, and/or handle. Risks from
potential counterfeit materials and parts are present at all levels of the supply chain. Additional risks
can arise and need to be assessed and understood for materials that are from sole, single, fragile, or
foreign sources, and those domestic sources that are vulnerable to foreign acquisition including the
entire supply chain.

G.1 Evaluate Materials Characteristics and Maturity

Manufacturing and Quality Tasks
e Update and evaluate material maturity and availability for selected AoA concepts:

o Determine if the materials have been produced in a laboratory (or more mature)
environment
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2286
2287
2288

2289
2290
2291
2292

2293
2294
2295
2296
2297
2298

2299
2300
2301

2302
2303

2304

2305
2306
2307
2308
2309
2310

2311
2312
2313

2314
2315
2316
2317

2318
2319
2320
2321
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= Evaluate Research and Development (R&D) and experiments for validation of
material manufacturability

= Evaluate other ongoing programs for prior use of materials under consideration
(DoD, Science and Technology (S&T) , commercial, government, etc.)

o Evaluate material properties, characteristics, and quality requirements for each concept
against requirements

o If new materials emerge or are identified, identify and evaluated needed material
properties and characteristics, and quality properties

Provide manufacturing and quality support to evaluation of the realism of projected lead
times for materials (including hazardous) which are difficult to obtain or process.

Assess manufacturing and quality requirements for material scale-up of selected AoA
concepts.

Perform manufacturing and quality volatility assessments for selected AoA concepts and
identify:

o Potential supply chain sources for critical materials
o Hazardous materials for each concept
o Special handling procedures that have been applied

Determine if all manufacturing and quality special handling requirements have been
identified.

o Evaluate all materials for:

= Potential regulatory requirements

= Hazardous materials and handling procedures

= Security requirements (physical, cyber, etc.)

= Transportation, storage and shelf life

= GFP, GFE (tooling, test equipment, ranges, chambers, etc.)
= Disposal

Metrics

Material maturity and availability has been evaluated and updated for selected AoA concepts:

o0 Document the materials production environment

» R&D and experiments have been evaluated for validation of material
manufacturability

= Other ongoing programs have been evaluated for prior use of materials under
consideration (DoD, S&T, commercial, government, etc.)

o0 Material properties, characteristics, and quality requirements have been evaluated and
documented for each concept against requirements

o Newly emerging materials have been identified, and needed material properties and
characteristics, and quality properties have been evaluated and documented
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2322
2323
2324
2325
2326
2327

2328
2329
2330

2331
2332

2333

2334
2335
2336
2337
2338
2339

2340

2341
2342
2343
2344
2345
2346
2347
2348
2349

2350

2351
2352
2353
2354
2355
2356
2357

Tools
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Projected lead times for materials (including hazardous) which are difficult to obtain or
process have been analyzed and documented with manufacturing and quality support.
Material scale-up manufacturing and quality requirements for selected AoA concepts have
been assessed and documented.

Manufacturing and quality volatility assessments for selected AoA concepts have been
conducted and assessments document:

o Potential supply chain sources for critical materials
0 Hazardous materials for each concept
o Special handling procedures that have been applied

Analysis of manufacturing and quality special handling requirements have been performed
and documented, and all requirements have been identified.

o All materials have been evaluated for:

= Potential regulatory requirements

» Hazardous materials and handling procedures

= Security requirements (physical, cyber, etc.)

= Transportation, storage and shelf life

= GFP, GFE (tooling, test equipment, ranges, chambers, etc.)
= Disposal

DMSMS Product Life Cycle Assessment (Consult DLA)

Cost and Lead Time Estimating Worksheet

Design of Experiments Analysis

Design for Six Sigma

Industrial Base Assessment Survey Form DCMA Industrial Analysis Center

ISO 9001 Checklist, Section Preservation (Handling, Storage, Packaging and Delivery)
MRL Assessment Questionnaire for the Materials Thread

Rough Cut Capacity Planning

TRL Assessment Questionnaire

Resources

DMSMS Guidebook, SD-22, Sep 2009

DoDI 5000.60 Defense Industrial Capabilities Assessments, Jul 2004
DOD 5000.60H Assessing Defense Industrial Capabilities, Apr 1996
ESHO in Acquisition Guide, Apr 2009

ISO 9001 Quality Management System

MRL Deskbook Version 2016

Technology Readiness Assessment Guidance, Apr 2011
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2358

2359

2360
2361

2362
2363
2364
2365
2366
2367
2368
2369
2370
2371
2372

2373
2374

2375
2376
2377

2378
2379
2380
2381
2382

2383

2384
2385
2386
2387
2388

2389
2390
2391
2392
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G.2 Determine Materials Risk

Manufacturing and Quality Tasks

Assess materials maturity and availability manufacturing and quality risks for the AoA
preferred solution that are:

New or critical materials that are in development

Developed in a lab environment, but are not immediately available
Readily available within near term (i.e., commodities)
Commercially available (long lead, capacity, etc.)

Readily available, but have environmental or health concerns
Have long lead times

Only available from a single or sole source (domestic or foreign)
Available within the NTIB

Available only from sources that are outside the NTIB
Vulnerable to foreign acquisition of domestic sources
Hazardous, difficult to obtain, or process

O OO0 0O O0OO0OO0OO0OO0OOo0OOo

Assess materials scale-up manufacturing and quality risks for AoA preferred solution.
Conduct an initial risk assessment of potential supply chain capability and capacity.

o0 Include materials risks for delivery times, manpower, quality, fragility, availability, etc.
for the entire supply chain
o Evaluate the materials management processes for gaps throughout the entire supply chain

Assess materials capability to meet the threshold and objective requirements.

Assess military vulnerability or gaps that could result from the lack of reasonable materials
alternatives.

Determine if all manufacturing and quality special handling risks have been identified
including:

o Potential regulatory requirements

= Hazardous materials and handling procedures

= Security requirements (physical, cyber, etc.)

» Transportation, storage and shelf life

= GFP, GFE (tooling, test equipment, ranges, chambers, etc.)
= Disposal

Identify materials risks from counterfeit electronic parts and materials (e.g., end items,
components, parts, or assemblies)

In support of ASR, conduct a comprehensive cost/schedule/technical risk assessment and
initiate mitigation plans for each risk.
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2430

DRAFT
2. Materiel Solution Analysis (MSA) Phase

Metrics

Materials maturity and availability manufacturing and quality risks for AoA preferred
solution have been assessed and documented for materials that are:

New or critical materials that are in development

Developed in a lab environment, but are not immediately available
Readily available within near term (i.e., commaodities)
Commercially available (long lead, capacity, etc.)

Readily available, but have environmental or health concerns
Have long lead times

Only available from a single or sole source (domestic or foreign)
Available within the NTIB

Available only from sources that are outside the NTIB
Vulnerable to foreign acquisition of domestic sources
Hazardous, difficult to obtain, or process

O OO0 O0OO0OO0OO0OO0OO0OOoOOo

Materials scale-up manufacturing and quality risks for AoA preferred solution have been
assessed and documented.

An initial risk assessment of potential supply chain capability and capacity has been
conducted and documents:

o Materials risks for delivery times, manpower, quality, availability, etc. for the entire
supply chain
o The material management processes for gaps throughout the entire supply chain

Materials capability and risks to meeting the threshold and objective requirements has been
assessed and documented.

Military vulnerability or gaps that could result from the lack of reasonable material
alternatives has been assessed and documented.

All manufacturing and quality special handling risks have been identified and documented
including:

o Potential regulatory requirements

= Hazardous materials and handling procedures

= Security requirements (physical, cyber, etc.)

= Transportation, storage and shelf life

= GFP, GFE (tooling, test equipment, ranges, chambers, etc.)
= Disposal

Materials risks from counterfeit electronic parts and materials (e.g., end items, components,
parts, or assemblies) have been identified and documented.

In support of ASR, a comprehensive cost/schedule/technical risk assessment has been
conducted and mitigation plans for each risk have been documented and provided to the
decision maker.
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2465
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Tools

e Costand Lead Time Estimating Worksheet

e Design of Experiments Analysis

e DMSMS Product Life Cycle Assessment (Consult DLA)

¢ Industrial Base Assessment Survey Form DCMA Industrial Analysis Center

e 1SO 9001 Checklist, Section Preservation (Handling, Storage, Packaging and Delivery)
e Market Research Reporting Template

e MRL Assessment Questionnaire for the Materials Thread

e Supply Chain Management Risk Assessment Checklist

e TRL Assessment Questionnaire

Resources

e DMSMS Guidebook, SD-22, Sep 2009
e DoD Market Research Guide, May 2012
e DoDI 5000.60, Defense Industrial Capabilities Assessments, Jul 2004
e DOD 5000.60H, Assessing Defense Industrial Capabilities, Apr 1996
e DOD 4140.1-R, Supply Chain Management Regulation, May 2003
e DoDM 4140.01, DoD Supply Chain Management Procedures, Feb 2014
e MRL Deskbook Version 2016
e Technology Readiness Assessment Guidance, Apr 2011
e DoDI 5000.02, Change 1, Jan 2017
o |EEE 15288.2, Standard for Technical Reviews and Audits on Defense Programs,
May 2015

H. PROCESS CAPABILITY AND CONTROL

H.2 Initiate Process

Process Capability Capability Studies

H. Process ‘
Capability/Control

H.1 Identify Required |

Manufacturing and quality process and control should be a part of any development program and
include an assessment of current required capabilities and potential future capabilities. The first task
is to identify the process capability required by the preferred concepts for the AoA. This may be
accomplished by an analysis of the preferred concept for process capabilities against industry
manufacturing and quality standards using manufacturing modeling and simulations.

The next task is to initiate studies to identify any gaps in manufacturing and quality processes. These
gaps should include gap in capabilities as a risk and an impact to yields, with time and resources
planned to mature these critical capabilities. Manufacturing yields and rates can play a major role in
driving manufacturing cost as they will drive decisions on what processes to use, types of tooling
required, quantities to be produced, etc. Studies need to include an analysis of the impact of process
capability on KCs, and therefore performance, reliability, and affordability.
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2499
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Many new technologies and emerging manufacturing processes that are identified during the MSA
phase carry risks. Failure to demonstrate materials and processes may increase the risk that the
material or process may not meet the weapon system design, performance and affordability
requirements. When new or high-risk manufacturing capabilities are planned in the AS, it should be
specified how this new capability will be demonstrated in a manufacturing environment relevant for
the TMRR phase.

H.1 Identify Required Process Capability

Manufacturing and Quality Tasks

e For critical manufacturing and quality processes for the preferred concept, analyze the
current state of process capability within industry and identify potential gaps.

o |dentify and analyze state of the art manufacturing and production modeling/simulation
approaches that support the preferred concept.

o |dentify manufacturing and quality process capability risks for the preferred concept from the
manufacturing feasibility assessment including risks to:

o Critical manufacturing and quality processes
0 Potential cost and schedule impacts
0 Producibility
o Special tooling
o Testing and qualification
o Environmental
0 Management (data, security, etc.)
Metrics

e The current state of process capability for the preferred concept has been analyzed and
documented with potential gaps for critical manufacturing and quality processes within the
industry and included in the AS and the SEP.

e Appropriate manufacturing and production modeling and simulation approaches have been
identified, analyzed, and documented in the AS and the SEP.

e Manufacturing and quality process capability risks for the preferred concept have been
updated and documented as input to the program risk management system. The updates
should include risks to:

Critical manufacturing and quality processes
Potential cost and schedule impacts
Producibility

Special tooling

Testing and qualification

Environmental

Management (data, security, etc.)

O O 0O OO0 0O
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2504
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2528
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2532
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2535
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Solid modeling and analysis software programs (e.g., NX, CATIA, Pro-Engineer, Nastran
add-ins, etc.)

Process Modeling Tools (Siemens PLM, Delmia, etc.)

Plant Modeling and Simulation tools (FlexSim, SimFactory, etc.)

Learning Curve Analysis Spreadsheet

MRL Assessment Checklist for the Process Capability and Control Thread

Resources

H.2

Defense Manufacturing Management Guide for Program Managers, Chapter 9.8 Learning
Curve

Modeling and Simulation Guidance for the Acquisition Workforce, Oct 2008

MRL Deskbook Version 2016

Manufacturing Simulation Applications (No Date)

See Guidance Documents

Initiate Process Capability Studies

Manufacturing and Quality Tasks

Initiate manufacturing and quality process capability studies based on the data from the
preferred concept.

o If no data available, conduct necessary studies to generate required data
o0 Alternatively, use process capabilities of current or similar products to generate the
required data

Analyze the impact of manufacturing and quality process capability on KCs that impact
performance, reliability, and affordability.

Analyze manufacturing and quality studies of existing processes to determine gaps in
manufacturing capabilities as a risk and an impact on yields and rates

o Utilize modeling and simulation tools to perform an analysis of process capability to
support yield and rate estimates, before actual manufacturing begins

Determine the need for new processes to meet requirements

Include time and resources required to mature these critical manufacturing processes
Incorporate sources of variations and plans to address

Include additional data from existing, proposed, or similar processes from other projects
and programs

©O O OO

Based on analyses, update yield and rate estimates for the AS and the SEP.
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Metrics

Manufacturing and quality process capability studies have been initiated based on the data
from the preferred concept and results documented.

o If no was data available, the necessary studies were conducted to generate required data
o Or as an alternative, the process capabilities of current or similar products were used to
generate the required data

The impact of manufacturing and quality process capability on KCs that impact performance,
reliability, and affordability has been analyzed and documented including sources of
variations with plans to address.

Manufacturing and quality studies of existing processes have been analyzed to determine and
document gaps in manufacturing capabilities as risks and an impacts to yields and rates.

0 Modeling and simulation tools have been utilized to analyze process capability to support
yield and rate estimates, before actual manufacturing begins

0 The need for new processes to meet requirements has been determined, documented, and
plans initiated

o Time and resources necessary to mature these critical manufacturing processes and
sources of variation have been incorporated in planning

o0 Additional data was utilized from existing, proposed, or similar processes from other
projects and programs

Yield and rate estimates for the preferred concept have been updated, and documented in the
Quality and Manufacturing Strategies and incorporated in the AS and SEP.

Cause and Effect Diagram

Cost of Quality Estimates

Feasibility Study Checklist

First Pass Yield Estimates Worksheet

Histograms

MRL Assessment using Process Capability and Control Thread
Pareto Analysis

Process Capability Studies (Cp and Cpk assessment)
Producibility Assessment Worksheet (PAWS)

Six Sigma Worksheet

First Pass Yield Estimates Worksheet

Resources

Defense Management Guide for Program Managers, Chapter 7.6.2 Determine Process
Capability

Manufacturing and Quality Management Body of Knowledge
DRAFT - Coordination Copy — January 2018
132



2572
2573
2574
2575
2576

2577

2578

2579
2580
2581
2582
2583
2584
2585

2586
2587
2588
2589
2590
2591

2592

2593

2594
2595

2596

2597
2598
2599
2600
2601
2602

2603
2604

DRAFT
2. Materiel Solution Analysis (MSA) Phase

e Defense Manufacturing Guide for Program Managers, Chapter 5.5.4 Seven Quality Control
Tools

e DoD-Wide Continuous Process Improvement (CPI/Lean and Six Sigma) Program, May 2008

e DoD Continuous Process Improvement Transformation Guide, May 2006

e Producibility Systems Guidelines, NAVSO P-3687, Dec 1999

. QUALITY MANAGEMENT

.3 Supply Chain Quality
lanagement Requirements
Analysis

1.1 Quality Management
Requirements Analysis

I.4 Prepare

1. Quality
(Quality Strategy

Management

1.2 Product Quality M
Requirements Analysis

Quality management is the coordinated activities to direct and control an organization, including the
supply chain, with regard to quality policy, quality objectives, quality planning, quality assurance and
quality improvement. These activities are performed as part of the Quality Management System
(QMS), which is that part of the organization's management system that focuses on the results, in
relation to the quality objectives, to satisfy the needs, expectations and requirements. In turn, Quality
Assurance is that part of quality management focused on providing confidence that quality
requirements will be fulfilled.

There are many opportunities during the MSA phase of the acquisition process for manufacturing
and quality personnel to make a positive impact on program execution. Manufacturing and quality
considerations should be a major part of a development program. Quality considerations should be an
integral part of the AoA. Therefore quality requirements, goals, objectives, responsibilities, and
authority should be defined and included in quality strategies and plans. The initial AS will include
the approach to quality, quality management, and quality assurance.

I.1 Quality Management Requirements Analysis

Manufacturing and Quality Tasks

e For the AoA, ensure the preferred concepts are analyzed for quality management
requirements.

o0 The quality management requirements should at a minimum include:

= Quality management system requirements

= Management responsibility requirements

» Resource management requirements

» Product Realization requirements (e.g., risk management, design and development,
purchasing, etc.)

= Measurement, analysis, and improvement requirements

o0 Alternatively, the quality management requirements can be met by adherence to
established standards (e.g., AS9100, 1SO 9000, etc.)

Manufacturing and Quality Management Body of Knowledge
DRAFT - Coordination Copy — January 2018
133



2605
2606

2607
2608

2609

2610
2611

2612
2613
2614

2615
2616

2617

2618
2619

2620

2621
2622
2623
2624
2625
2626

2627
2628

2629
2630

2631
2632

2633

2634
2635

2636
2637

2638
2639

DRAFT
2. Materiel Solution Analysis (MSA) Phase

» Include manufacturing and quality management lessons-learned
= Include industry best practices

Review, update, and analyze quality management metrics for the preferred concept from the
AO0A Study Guidance.

o Verify the frequency that the metrics are reviewed is commensurate with quality risks

Specify the quality management requirements to be met by the contractor or government
entity as appropriate.

o Provide requirements for quality management responsibilities and personnel within the
IPT
o Provide quality management requirements and metrics

Contact DCMA for input on QMS evaluation of potential contractor and suppliers for the
preferred concept.

Metrics

The preferred concepts have been analyzed for quality management requirements and
documented in the AoA.

0 The documented quality management requirements included at a minimum:

= Quality management system requirements

= Management responsibility requirements

= Resource management requirements

= Product Realization requirements (e.g., risk management, design and development,
purchasing, etc.)

= Measurement, analysis, and improvement requirements

o0 Alternatively, the documented quality management requirements were met by
conformance to established standards (e.g., AS9100, 1SO 9000, etc.)

= Which includes manufacturing and quality management lessons-learned
= Which includes industry best practices

Quality management metrics for the preferred concept from the AoA Study Guidance have
been reviewed, updated, analyzed, and the results documented.

0 Review of quality management metrics is included in all program reviews

Quality management requirements to be met by the government or contractor entity as
appropriate have been specified for the RFP.

o Quality management responsibilities and personnel have been established for each IPT
o Quality management requirements and metrics have been established and documented

Where available, DCMA input on QMS evaluation of potential contractor and suppliers for
the preferred concept has been utilized and documented.
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AS9100, Quality Audit Checklist

Critical to Customer Assessment

Critical to Quality Tree

ISO 9001, Quality Audit Checklist

Manufacturing Readiness Level Assessment (MRL) Questionnaire for the Quality Thread
Quality Management Plan (Sample)

Resources

1.2

AFMC Instruction 63-145, Manufacturing and Quality (Draft)
AS9100, Quality Management Systems, Sep 2016

DoDI 5000.02, Change 1, Jan 2017

ISO 9000:2015, Quality Management Systems, Sep 2015
MRL Deskbook Version 2016

Product Quality Requirements Analysis

Manufacturing and Quality Tasks

Analyze product quality requirements for the AoA preferred concept:

o Incorporate new quality technologies and process state of the art into product quality
requirements

0 Analyze the need for unique product quality requirements (i.e., specific product
characteristics)

0 Analyze product quality for metrics and the frequency that the metrics should be
reviewed, commensurate with manufacturing and quality risks

Utilize identified potential solutions and processes that could address product quality needs.

0 Analyze identified quality technologies (i.e., metrology technologies) that could improve
product quality

0 Analyze identified potential solutions or processes to improve low-yield processes and
components product quality

Contact DCMA personnel for inputs on potential contractor and supplier quality performance
against quality requirements for similar products or processes.

Metrics

Product quality requirements for the AoA preferred concept have been analyzed and
document:

o Incorporation of new quality technologies and process state of the art into product quality
requirements

Manufacturing and Quality Management Body of Knowledge
DRAFT - Coordination Copy — January 2018
135



2674
2675
2676

2677
2678

2679
2680
2681

2682
2683
2684

2685

2686
2687
2688
2689
2690
2691
2692

2693

2694
2695
2696
2697

2698

2699

2700
2701
2702

2703
2704
2705
2706
2707

2708

DRAFT
2. Materiel Solution Analysis (MSA) Phase

0 The need for unique product quality requirements (i.e., specific product characteristics)
0 Product quality for metrics and the frequency that the metrics should be reviewed,
commensurate with manufacturing and quality risks

Identified potential solutions and processes that could address product quality needs have
been utilized in the analysis and documentation of:

0 Quality technologies (i.e., metrology technologies) that could improve product quality
o Potential solutions or processes to improve low-yield processes and components product
quality

DCMA inputs on potential contractor and supplier quality performance against quality
requirements for similar products or processes have been documented.
All of the results of product quality requirements analysis has been document in AS and SEP.

AS9100 Quality Audit Checklist

Critical to Customer Assessment

Critical to Quality Tree

I1ISO 9001, Quality Audit Checklist

Manufacturing Readiness Level Assessment (MRL) Questionnaire for the Quality Thread
Quality Management Plan (Sample)

Variability Reduction Plan

Resources

AAS9100, Quality Management Systems, Sep 2016
DoDI 5000.02, Change 1, Jan 2017

ISO 9000:2015, Quality Management Systems, Sep 2015
MRL Deskbook Version 2016

.3 Supply Chain Quality Management Requirements Analysis

Manufacturing and Quality Tasks

Analyze the impact of quality technologies and process state of the art for impacts on the
quality management of the supply chain.
Analyze the supply chain quality management requirements for the preferred concept.

0 Analyze the need for focused supplier quality management requirements (e.g., a supplier
Quality Assurance Plan)

0 Analyze the need for a standalone supplier quality management plans for the supply
chain

o The quality management requirements for the supply chain should at a minimum include:

= Quality management system requirements
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= Management responsibility requirements

= Resource management requirements

= Product Realization requirements (e.g., risk management, design and development,
purchasing, etc.)

= Measurement, analysis, and improvement requirements

o Alternatively, quality management requirements for the supply chain can be met by
adherence to established standards (e.g., AS9100, 1SO 9000, etc.)

» Include manufacturing and quality management lessons-learned
= Include industry best practices

0 Analyze and update supply chain quality management metrics for the preferred concept.

e Analyze potential solutions, tools, and techniques that could address quality management
requirements of the supply chain.

o Incorporate quality technologies (i.e., metrology technologies) that could improve the
supply chain quality programs

o Incorporate potential solutions (e.g., materials, machines, training, etc.) to improve low-
yield processes and components and lower variability to meet supply chain quality
requirements

e Contact DCMA personnel for input on the analysis of potential supply chain quality
management systems.

e Ensure quality and manufacturing requirements are included in contracts of proposed
suppliers and in appropriate agreements with other agencies, e.g. the DCMA.

Metrics

o Impact of quality technologies and process state of the art for impacts on the quality
management of the supply chain has been analyzed and the results documented.
e The supply chain quality management requirements have been analyzed and document:

0 The need for focused supplier quality management requirements (e.g., a supplier Quality
Assurance Plan)

0 The need for a standalone supplier quality management plans for the supply chain

0 The minimum quality management requirements for the supply chain including:

= Quality management system requirements

= Management responsibility requirements

= Resource management requirements

» Product Realization requirements (e.g., risk management, design and development,
purchasing, etc.)

= Measurement, analysis, and improvement requirements

o0 As an alternative, adherence to established standards (e.g., AS9100, ISO 9000, etc.)
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= Inclusive of manufacturing and quality management lessons-learned and industry best
practices

Supply chain quality management metrics have been analyzed, updated, and documented.
Potential solutions, tools, and techniques that could address quality management
requirements of the supply chain have been analyzed, documented, and incorporate:

o Quality technologies (i.e., metrology technologies) that could improve the supply chain
quality programs

o Potential solutions (e.g., materials, machines, training, etc.) to improve low-yield
processes and components and lower variability to meet supply chain quality
requirements

DCMA has been contacted for input on analysis of potential supply chain quality
management systems and documented.

All of the analyses and results of supply chain quality management requirements have been
document in AS and SEP.

AS9100, Quality Audit Checklist

Critical to Customer Assessment

Critical to Quality Tree

I1ISO 9001, Quality Audit Checklist

Manufacturing Readiness Level Assessment (MRL) Questionnaire for the Quality Thread
Supplier Quality Questionnaire

Quality Management Plan

Variability Reduction Plan

Resources

AS9100, Quality Management Systems, Sep 2016

DoDI 5000.02, Change 1, Jan 2017

ISO 9000:2015, Quality Management Systems, Sep 2015
MRL Deskbook Version 2016

MIL-STD-1535B Supplier QA

.4 Prepare Quality Strategy

Manufacturing and Quality Tasks

Based on the results of the analyses of quality management, product quality, and supply chain
quality management requirements, draft a quality management strategy that specifies:

o Quality management requirements that address:
= Management responsibility requirements
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Quality management system requirements

Resource management requirements

Product Realization requirements (e.g., risk management, design and development,
purchasing, etc.)

Risks, Issues and Opportunities

Measurement, analysis, and improvement requirements

Alternatively, the quality management requirements met by adherence to established
standards (e.g., AS9100, 1SO 9000, etc.)

Product quality requirements that incorporate new quality technologies and process state
of the art, the need for unique product quality requirements, and metrics and the review
frequency

Supply chain quality management requirements that include:

The need for focused supplier quality management requirements
A supplier quality management plan

Potential standards (e.g., AS9100, 1SO 9000, etc.)

Metrics

Potential solutions, tools and techniques

Planned use of government-furnished quality and testing equipment and assets
Establishing appropriate agreements, delegations and contracts with other agencies, e.g.
the DCMA

Solicit inputs to the quality strategy from on-site government personnel

Provide the Quality Management Strategy with appropriate language and references
for inclusion in the AS and the SEP.

Draft an initial program Quality Management Plan for incorporation into the SEP that
includes details from the analyses.

A program Quality Management Strategy, based on the results of the analyses of quality
management, product quality, and supply chain quality management requirements, has been
drafted that specifies:

(0}

Quality management requirements that address:

Quality management system requirements

Management responsibility requirements

Resource management requirements

Product Realization requirements (e.g., risk management, design and development,
purchasing, etc.)

Risks and opportunities

Measurement, analysis, and improvement requirements
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o Alternatively, the quality management requirements met by adherence to established
standards (e.g., AS9100, 1SO 9000, etc.)

o Product quality requirements that incorporate new quality technologies and process state
of the art, the need for unique product quality requirements, and metrics and the review
frequency

0 Supply chain quality management requirements that include:

= The need for focused supplier quality management requirements
= A supplier quality management plan

= Potential standards (e.g., AS9100, ISO 9000, etc.)

= Metrics

= Potential solutions, tools and techniques

o

Planned use of government-furnished quality and testing equipment and assets
0 Appropriate agreements, delegations and contracts with other agencies, e.g. the DCMA
and contains inputs from those agencies

e The Quality Management Strategy with appropriate language and references has been
documented in the AS and the SEP.

¢ Aninitial program Quality Management Plan has been documented in the SEP that includes
details from all of the analyses.

e AS9100 Quality Audit Checklist
o Critical to Customer Assessment
e Critical to Quality Tree

e |SO 9001 Quality Audit Checklist
e Supplier Quality Questionnaire

¢ Quality Management Plan

Resources

e AS9100, Quality Management Systems, Sep 2016
e DoDI 5000.02, Change 1, Jan 2017
e |SO 9000:2015, Quality Management Systems, Sep 2015

J. MANUFACTURING WORKFORCE

1.1 Update Manufacturing and
Quality Workforce Requirements

1.2 Manufacturing and maliﬂ

1. Mfg. Workforce ‘ Workforce Planning

During the MSA phase, it is essential to update the manufacturing and quality workforce

requirements and begin planning for future phases. Although trained highly skilled engineers and

artisans may be the workforce utilized in the lab environment, they will not be the workforce utilized

for production. Identification, planning for, and training of the required production workers with
Manufacturing and Quality Management Body of Knowledge

DRAFT - Coordination Copy — January 2018
140



2852
2853
2854

2855
2856
2857
2858

2859
2860
2861
2862

2863

2864

2865
2866
2867
2868
2869

2870
2871
2872
2873

2874
2875

2876
2877
2878
2879
2880

2881
2882
2883
2884

DRAFT
2. Materiel Solution Analysis (MSA) Phase

required skill sets must begin early. In addition to the production workforce, having a technical staff
with education and experience in the relevant areas of engineering and management is key to
program Success.

As part of the evaluations for the AoA, the processes and planning utilized by the preferred concepts
to determine workforce requirements need to be examined. The preferred concept(s) manufacturing
and quality processes should be evaluated, as well as a forecast of phase-by-phase requirements for
manufacturing and quality skills and training.

A Staffing Plan should be initiated early and include personnel skills, experience and education
levels, training, ramp-up, and attrition as part of identifying manufacturing and quality skill sets and
production workforce requirements. Planning should address risks resulting from shortages of
qualified personnel, processes that require certifications, and volatility.

J.1 Update Manufacturing and Quality Workforce Requirements

Manufacturing and Quality Tasks

e Evaluate each AoA concept for appropriate industrial workforce standards.

e Evaluate the workforce processes and planning used to determine personnel skills, experience
and education levels, training, ramp-up, and attrition for the preferred concepts.

e Evaluate manufacturing and quality processes for gaps in workforce skill sets, training, and
manpower requirements for each AoA concept to include:

o Workforce requirements (technical and operational)

0 Processes that require certifications (i.e., special skills)

o Sources and shortages of qualified personnel based on processes, education, location,
precision requirements, etc.

e Update requirements by phase for manufacturing and quality skills and training for preferred
materiel solutions for the AoA.

o ldentify additional or new skills required
= Include associated training requirements

o Determine staffing requirements for skills, experience, certification levels, education
levels, ramp-up, and attrition

Metrics

e The workforce processes and planning used to determine personnel skills, experience and
education levels, training, ramp-up, and attrition for the preferred concepts have been
analyzed and documented with appropriate industrial workforce standards, criteria, and
metrics applied for each AoA concept.

Manufacturing and Quality Management Body of Knowledge
DRAFT - Coordination Copy — January 2018
141



2885
2886
2887

2888
2889
2890
2891

2892
2893
2894

2895
2896
2897

2898
2899

2900

2901
2902
2903
2904
2905
2906
2907
2908
2909
2910
2911
2912
2913
2914

2915

2916
2917
2918

DRAFT
2. Materiel Solution Analysis (MSA) Phase

Manufacturing and quality processes have been analyzed and documented for gaps in
workforce skill sets, training, and manpower requirements and availability for each AoA
concept to include:

o0 Production workforce requirements (technical and operational)

0 Processes that require certifications (i.e., special skills)

o Sources and shortages of qualified personnel based on processes, education, location,
precision requirements, etc.

Workforce requirements by phase for manufacturing and quality skills and training for
preferred materiel solutions for the AoA have been analyzed, updated, and documented
including:

o Additional or new skills and associated training requirements
o Staffing requirements for skills, experience, certification levels, education levels, ramp-
up, and attrition

All of the results of manufacturing and quality workforce requirements analyses have been
documented in the AS and the SEP.

Assembly Chart Analysis

Bottleneck Analysis (Theory of Constraints)

Capacity Planning Worksheet

Critical Chain Project Management

Forecasting and Regression Analysis

Learning Curve Estimator

Line of Balance Template

Manufacturing Resource Planning (MRPII)

MRL assessment using Manufacturing Management thread
Route Sheet Analysis

Shop Floor Manufacturing Plan Analysis

SWOT Analysis (Strengths, Weaknesses, Opportunities and Threats)
Work Measurement Analysis

Workforce Planning Tools (SAP/Oracle/MRPII)

Resources

MRL Deskbook Version 2016
Manufacturing Resource Planning (MRP II)
Defense Manufacturing Guide for Program Managers (various chapters)
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J.2 Manufacturing and Quality Workforce Planning

Manufacturing and Quality Tasks

Initiate planning, as an input to program management, to address manufacturing and quality
skill sets, production workforce availability requirements, and risks for the TMRR phase.
Planning should address:

(0]
(0]

o

O O O O

Metrics

Mitigation needs for project ramp-up and workforce attrition

Mitigation of critical shortages of qualified personnel based on processes, location,
precision requirements, etc.

Training and/or certification requirements (e.g., certified welders, skilled machine
programmers or operators, etc.)

Plans for acquisition and training of new personnel

Potential impacts from labor relations, surges, competition, etc.

Volatility of demand and impact on workforce requirements

Impacts on workforce ability to address processing, testing, and acceptance of new
materials and technologies

Impacts of regulatory requirements (e.g., special handling, security, hazardous materials,
environmental needs, storage requirements, etc.) on the workforce

Incorporation of appropriate workforce lessons learned for processes, tools, and
techniques for manufacturing workforce strategy

Planning, as input to program management, is underway that addresses manufacturing and
quality skill sets, production workforce availability requirements, and risks for the TMRR
phase and the results have been documented.

Documented plans address and include metrics for:

(0]
(0]

O O OO

Mitigation needs for project ramp-up and workforce attrition

Mitigation of critical shortages of qualified personnel based on processes, location,
precision requirements, etc.

Overall training and/or certification requirements (e.g., certified welders, skilled machine
programmers or operators, etc.)

Acquisition and training of new personnel

Potential impacts from labor relations, surges, competition, etc.

Volatility of demand and impact on workforce requirements

Impacts on workforce ability to address processing, testing, and acceptance of new
materials and technologies

Impacts of regulatory requirements (e.g., special handling, security, hazardous materials,
environmental needs, storage requirements, etc.)

Appropriate workforce lessons learned for processes, tools, and techniques for
manufacturing workforce strategy
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e Workforce planning is documented as part of the SEP and the AS.

e Assembly Chart Analysis

o Bottleneck Analysis (Theory of Constraints)

e Capacity Planning Worksheet

o Critical Chain Project Management

e Forecasting and Regression Analysis

e Learning Curve Estimator

e Line of Balance Template

e Manufacturing Resource Planning (MRPII)

e MRL assessment using Manufacturing Management thread
¢ Route Sheet Analysis

e Shop Floor Manufacturing Plan Analysis

e SWOT Analysis (Strengths, Weaknesses, Opportunities and Threats)
e Work Measurement Analysis

e Workforce Planning Tools (SAP/Oracle/MRPII)

Resources

e MRL Deskbook Version 2016

e Manufacturing Resource Planning (MRP 1)

e Defense Manufacturing Management Guide for Program Managers (various chapters)
e ESHO in Acquisition Guide, April 2009

K. FACILITIES

K.1 Facilities and K.2 Facilities and
Tooling Requirements Tooling Planning

K. Facilities ‘

During the MSA phase, it is essential for the manufacturing and quality representatives to update the
facility and tooling requirements for the preferred concepts prior to AoA, and initiate both a facilities
plan and a tooling plan for entry into TMRR and future phases. Based on the preferred concepts, new
facilities and tools may be required for new materials, new technologies, and new processes. The
decision making process will also be impacted by production rates, quantities, and capacities by the
types of tooling and facilities required. Therefore, facilities and tooling planning should be integral to
planning for development, funding, and scheduling.

Manufacturing and quality planning efforts also define and design the special tooling and test
equipment required to execute the effort. Special tooling and test equipment required for a program
can be high cost and have a long lead-time to develop and procure. The planning for tooling and test
equipment should be initiated during the MSA phase. The planning should include the type of tooling
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and test equipment to be utilized, investments, the transition from limited life to rate tools, the need
for production and test equipment, and tooling sustainment.

The Facilities and Tooling Plans are subsets of the manufacturing strategy, which is in turn a subset
of the overall Acquisition Strategy and the SEP.

K.1 Facilities and Tooling Requirements

Manufacturing and Quality Tasks

Update the manufacturing and quality facilities and capital equipment requirements for the
AO0A preferred concepts.

Analyze the manufacturing and quality quantitative and qualitative facility demands of the
preferred concepts for:

o0 Availability, design, rate and capacity capabilities of the facilities under consideration
(existing, new, or redeveloped)

o Types of processes required and the resulting impacts on facilities (e.g., specialized
fixtures, test chambers, laboratories, clean rooms, waste storage and disposal, etc.)

o Unique or special facility requirements for transportation, handling, and storage
equipment being manufactured

Update new manufacturing and quality capital equipment, tooling, and Special Test or
Inspection Equipment (STE/SIE) requirements for new technology and materials for
preferred concepts.

Update the manufacturing and quality assessments of:

o Tooling requirements for capability to produce at planned production rates and target unit
costs

0 Needs for soft tooling vs. hard tooling

o0 Supplier and sub-tier capabilities and investment incentives

0 STE/SIE requirements and capabilities

Assess manufacturing and quality requirements for unique or special transportation, handling,
and storage equipment to be manufactured for preferred concepts.

Update the manufacturing and quality funding estimates required for capital equipment,
tooling, and test equipment for preferred concepts.

Metrics

The manufacturing and quality facilities and capital equipment requirements for the AoA
preferred concepts have been updated and documented in the AoA.

Quantitative and qualitative manufacturing and quality facility demands of the preferred
concepts have been analyzed and documented for:
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o Auvailability, design, rate and capacity capabilities of the facilities under consideration
(existing, new, or redeveloped)

o Types of processes required and the resulting impacts on facilities (e.g., specialized
fixtures, test chambers, laboratories, clean rooms, waste storage and disposal, etc.)

o Unique or special facility requirements for transportation, handling, and storage
equipment being manufactured

¢ New manufacturing and quality capital equipment, tooling, and Special Test or Inspection
Equipment (STE/SIE) requirements have been updated for new technology and materials for
AO0A preferred concepts.

e The following have been re-analyzed and re-assessed and documented by manufacturing and
quality representatives as part of the AoA:

o0 Tooling requirements for capability to produce at planned production rates and target unit
costs

0 Needs for soft tooling vs. hard tooling

0 Supplier and sub-tier capabilities and investment incentives

0 GFE/STE/SIE requirements and capabilities

e Manufacturing and quality requirements for unique or special transportation, handling, and
storage equipment to be manufactured for preferred concepts have been assessed and
documented.

e Manufacturing and quality funding estimates required for capital equipment, tooling, and test
equipment for preferred concepts have been updated and included in the AoA.

e Bottleneck Analysis (Theory of Constraints)

e Critical Chain Project Management

e |SO 9001 Checklist Section Preservation (Handling, Storage, Packaging and Delivery)
e Manufacturing Resource Planning (MRPII)

e MRL assessment using Facilities thread

e Plant Design and Facility Layout Software Evaluation Tools

Resources

e MRL Deskbook Version 2016

e Manufacturing Resource Planning (MRP 1)

e SO 9001:2015, Quality Management System

e Defense Manufacturing Management Guide for Program Managers, Chapter 6,
Manufacturing Planning

Manufacturing and Quality Management Body of Knowledge
DRAFT - Coordination Copy — January 2018
146



3059

3060
3061

3062
3063
3064
3065
3066
3067
3068
3069
3070
3071
3072
3073
3074
3075
3076
3077
3078
3079

3080

3081
3082
3083
3084

3085
3086

3087
3088

3089
3090
3091
3092
3093
3094
3095

DRAFT
2. Materiel Solution Analysis (MSA) Phase

K.2 Facilities and Tooling Planning

Manufacturing and Quality Tasks

Initiate a manufacturing and quality Facilities Plan that includes:

(0]

(0}

Requirements for manufacturing and quality facilities for development of technologies,
prototypes, and subsequent production within required lead-times (existing, new, or
redeveloped)

Addressing the rate and capacity capability requirements on the facilities and needed
enhancements for manufacturing and quality

Mitigation of the impacts on facilities from the types of manufacturing and quality
processes required (e.g., acquisition of specialized fixtures, construction of test chambers,
upgrading laboratories and clean rooms, upgrading waste storage and disposal equipment,
etc.)

Addressing unique or specialized manufacturing and quality facility requirements for
transportation, handling, and storage equipment

New facilities to be constructed to mitigate manufacturing and quality gaps in current
facilities

Requirements for manufacturing and quality investments and funding with associated
schedules

Assessment of and mitigation of manufacturing and quality environmental and safety
factors and impacts

Requirements for security of manufacturing and quality facilities (physical and cyber)

Initiate a manufacturing and quality Tooling Plan that includes:

(0]
0}
(0]
(0]

Tooling requirements to meet production rates, costs, quantities, and schedule
Tooling sources, funding, materials impacts, maintenance impacts, etc.
Analysis of requirements for soft and/or hard tooling

Manufacturing and quality test equipment including STE, SIE, and GFE

Derive manufacturing and quality funding estimates required for capital equipment, tooling,
and test equipment for the preferred concept from the facilities and tooling planning.

Metrics

A manufacturing and quality Facilities Plan has been initiated and documents the following:

(0]

Requirements for manufacturing and quality facilities for development of technologies,
prototypes, and subsequent production within required lead-times (existing, new, or
redeveloped)

Addressing the rate and capacity capability requirements on the facilities and needed
enhancements for manufacturing and quality

Mitigation of the impacts on facilities from the types of manufacturing and quality
processes required (e.g., acquisition of specialized fixtures, construction of test chambers,

Manufacturing and Quality Management Body of Knowledge
DRAFT - Coordination Copy — January 2018
147



3096
3097
3098
3099
3100
3101
3102
3103
3104
3105
3106

3107

3108
3109
3110
3111

3112
3113
3114
3115
3116

3117

3118
3119
3120
3121
3122

3123

3124
3125
3126
3127

3128

3129

Resources

(0]

(0]

DRAFT
2. Materiel Solution Analysis (MSA) Phase

upgrading laboratories and clean rooms, upgrading waste storage and disposal
equipment, etc.)

Addressing unique or specialized manufacturing and quality facility requirements for
transportation, handling, and storage equipment

New facilities to be constructed to mitigate manufacturing and quality gaps in current
facilities

Requirements for manufacturing and quality investments and funding with associated
schedules

Assessment of and mitigation of manufacturing and quality environmental and safety
factors and impacts

Requirements for security of manufacturing and quality facilities (physical and cyber)

A manufacturing and quality Tooling Plan has been initiated and documents the following:

(0}
(0}
(0}
(0}

Manufacturing and quality funding estimates required for capital equipment, tooling, and test

Tooling requirements to meet production rates, costs, quantities, and schedule
Tooling sources, funding, materials impacts, maintenance impacts, etc.
Analysis of requirements for soft and/or hard tooling

Manufacturing and quality test equipment including STE, SIE, and GFE)

equipment for the preferred concept have been updated and included in the AS and in the
budget process.

Both the Facilities Plan and the Tooling Plan are incorporated into the Manufacturing and
Quality Strategies and have been documented in the AS and the SEP.

Bottleneck Analysis (Theory of Constraints)

Critical Chain Project Management

Manufacturing Resource Planning (MRPII)

MRL assessment using Facilities thread

Plant Design and Facility Layout Software Evaluation Tools

MRL Deskbook Version 2016

Manufacturing Resource Planning (MRP I1)

Defense Manufacturing Management Guide for Program Managers, Chapter 6,
Manufacturing Planning

L. MANUFACTURING MANAGEMENT AND CONTROL

L. Manufacturing ‘ | L1 Update Manufacturing
Mgmt./Control

L.1 DevelopInitial Mfg.
Strategy

Management Requirements
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Programs with manufacturing aspects require a manufacturing management system. The timely
development, production, modification, fielding, and sustainment of affordable products by
managing manufacturing risks, issues, and opportunities throughout the program lifecycle require a
comprehensive manufacturing management system. This is accomplished by including best practices
and standards (i.e., AS6500, Manufacturing Management Program) in the contracts with industry.

Beginning in MSA, after the preferred concept is determined, the PM and program office develop the
manufacturing strategy and should begin detailed planning for manufacturing. Before the Materiel
Development Decision, the activities managing the concept (or the program office) initiated planning
for manufacturing management and control. In this phase, manufacturing management planning
should be updated for the AoA. The initial manufacturing strategy developed during the MSA phase
is a subset of the overall AS and the SEP. The Manufacturing Strategy should address all aspects of
manufacturing management and control from design and materials to processes, workforce, and
facilities, to transition to TMRR and subsequent phases. For example, competition considerations are
a major contributor to reducing weapon system cost. In addition, if a program will be dual sourced,
early planning must take into account the strategy required to assure availability of data and data
rights for dual sourcing. New manufacturing technologies may require specific plans for
development, proofing, and transition to production. Production rates and quantities can also play a
major role in driving manufacturing cost as they influence decisions on processes, tooling, make-buy,
etc.

The purpose of manufacturing planning is to identify requirements and resources, to manage risk,
issues, and opportunities, and to integrate manufacturing processes into a structure that provides the
capability to achieve production objectives. This planning should be updated during the subsequent
acquisition phases. Manufacturing planning should include:

e Manufacturing management responsibilities as an integral part of the IPT structure with
assignment to specific program office personnel

e Manufacturing metrics for the program with a specified review cycle of metrics
commensurate with risks

e Manufacturing assessments to identify and quantify risks in support of program Milestone
decision points and major design reviews

e Manufacturing requirements and metrics for agreements, delegations, and contracts with
other agencies (e.g. DCMA)

The initial Manufacturing Strategy, as an integral part of the AS and SEP, will guide the future
development program and help minimize risk.
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L.1 Update Manufacturing Management Requirements

Manufacturing and Quality Tasks

Ensure each AoA preferred concept is analyzed for manufacturing management requirements
(to be incorporated into the RFP, per Section B.1):

o The manufacturing management requirements can be met by adherence to established
standards (i.e., AS6500)

o0 Alternatively, the manufacturing management requirements should at a minimum
include:

= Manufacturing management system requirements

= Design analysis for manufacturing requirements

= Manufacturing risk identification requirements

= Manufacturing planning requirements (e.g., supply chain, materials, cost, workforce,
etc.)

= Manufacturing operations management requirements

0 Analyze the impacts of technology and process state of the art on manufacturing
management

0 Request DCMA inputs on manufacturing management system evaluations of potential
contractors and suppliers for the preferred concept(s).

0 Analyze relevant manufacturing management lessons-learned and best practices among
programs and across centers

Review, update, and analyze manufacturing management metrics for the preferred concept
from the AoA Study Guidance.

o Verify the frequency that the metrics are reviewed is commensurate with
manufacturing risks

Specify the manufacturing management requirements to be met by the contractor (in the
RFP) or government entity (in the SEP) as appropriate.

o Provide requirements for manufacturing management responsibilities and personnel
within the IPT

o Provide manufacturing management requirements and metrics

0 Metrics

Each AoA preferred concept has been analyzed and documented for manufacturing
management requirements and results documented for the RFP.

0 The manufacturing management requirements have been met by documented adherence
to established standards (i.e., AS6500)

o If AS6500 is not specified, the manufacturing management requirements have
documented the following:

= Manufacturing management system requirements
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3200 = Design analysis for manufacturing requirements

3201 = Manufacturing risk identification requirements

3202 = Manufacturing planning requirements (e.g., supply chain, materials, cost, workforce,
3203 etc.)

3204 = Manufacturing operations management requirements

3205 o Impacts of technology and process state of the art on manufacturing management have
3206 been analyzed and documented

3207 o DCMA inputs on manufacturing management system evaluations of potential contractors
3208 and suppliers for the preferred concept(s) have been included in the AoA.

3209 0 Relevant manufacturing management lessons-learned and best practices among programs
3210 and across centers have been analyzed and documented

3211 e Manufacturing management metrics for the AoA preferred concept from the AoA Study
3212 Guidance have been updated, analyzed, and documented for inclusion in the AS and the SEP
3213 0 Review of manufacturing management metrics is included in all program reviews

3214 e Manufacturing management requirements to be met by the government or contractor entity as
3215 appropriate have been specified and documented.

3216 0 Manufacturing management responsibilities and personnel have been established for each
3217 government IPT and documented in the SEP

3218 0 Manufacturing management requirements and metrics for the contractor have been

3219 established and documented in the RFP

3220 Tools

3221 e AS6500 Assessment

3222 o Bill of Material Assessment

3223 e Industrial Base Capabilities Assessment Questionnaire

3224 e Line of Balance Assessment

3225 e Materials Requirements Planning (MRP) Assessment

3226 e Manufacturing Resource Planning (MRPII) Assessment

3227 e Make/Buy Decisions

3228 e MRL Assessment Questionnaire for Manufacturing Management and Control Thread

3229 e Systems Engineering Plan (SEP)

3230 0 Manufacturing Plan Inputs

3231 0 Quality Plan Inputs

3232 e Technology Readiness Assessment

3233 e Work Breakdown Structure

3234 Resources

3235 e AS6500 Manufacturing Management Program, Nov 2014
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AFI163-145 Manufacturing and Quality Management, Sep 2016
MIL-HDBK-896B, Manufacturing and Quality Program, Aug 2008
DODI 5000.60H Defense Industrial Capabilities Assessment, Apr 1996
Systems Engineering Plan (SEP) Outline, Jun 2015

Technology Readiness Assessment Guidance, Apr 2011

L.2 Develop Initial Manufacturing Strategy

Manufacturing and Quality Tasks

Develop appropriate manufacturing management strategy inputs with references based on the
best practices from AS6500 for inclusion in the AS and the SEP.

Develop the initial Manufacturing Strategy, as a subset of the overall Acquisition Strategy,
and ensure the Manufacturing Strategy addresses manufacturing and quality considerations
for:

IB Risk Mitigation

Enabling/critical technologies and constraints

ManTech projects

Design and producibility

Rate and schedule (includes processes, tooling, make/buy, etc.)

Key and critical characteristics

Cost, affordability, and budget

Materials management, sourcing, and risks (including counterfeit, obsolescence, etc.)
Supply chain management, characteristics and constraints (e.g., sole, single, etc.)
Competitive development (e.g., dual source, co-production, etc.)

Processes and capability control

Workforce Planning

Facilities, Tooling, and Test Equipment (including GFE and assets)
Environmental, security, and safety

©O OO0 00O O0OO0OO0OO0OO0OO0OO0OOo0OOo

In addition, the Manufacturing Strategy should address:

0 Manufacturing assessments to support program Milestone decision points and major
design reviews with appropriate exit criteria

0 Manufacturing metrics for the program with a specified review cycle of metrics
commensurate with risks

Ensure the Manufacturing Strategy (and AS) includes establishing appropriate agreements,
delegations, and contracts with other agencies, e.g. DCMA.

Draft an initial program Manufacturing Management Plan that addresses each key area of the
strategy for incorporation into the SEP that includes details from the analyses. In accordance
with AS6500, the plan should address:

0 Manufacturing Management System
Manufacturing and Quality Management Body of Knowledge
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3273 o Design Analysis for Manufacturing

3274 0 Manufacturing Risk ldentification (including mitigation)
3275 0 Manufacturing Planning

3276 0 Manufacturing Operations Management

3277 Metrics

3278 e Appropriate manufacturing management strategy inputs with references based on AS6500
3279 have been provided for inclusion in the AS and the SEP.

3280 e The initial Manufacturing Strategy, as a subset of the overall Acquisition Strategy, has been
3281 developed which includes and documents the considerations for:

3282 o IB Risk Mitigation

3283 o Enabling/critical technologies and constraints

3284 0 ManTech projects

3285 o Design and producibility

3286 o0 Rate and schedule (includes processes, tooling, make/buy, etc.)

3287 o0 Key and critical characteristics

3288 o Cost, affordability, and budget

3289 o Materials management, sourcing, and risks (including counterfeit, obsolescence, etc.)
3290 o Supply chain management, characteristics and constraints (e.g., sole, single, etc.)
3291 o Competitive development (e.g., dual source, co-production, etc.)

3292 0 Processes and capability control

3293 o0 Workforce Planning

3294 o Facilities, Tooling, and Test Equipment (including GFE and assets)

3295 o Environmental, security, and safety

3296 e The Manufacturing Strategy addresses and documents the following:

3297 0 Use of manufacturing assessments to support program Milestone decision points and
3298 major design reviews with appropriate exit criteria

3299 0 Manufacturing metrics for the program including a specified review cycle

3300 e The Manufacturing Strategy (and AS) has been established that includes appropriate

3301 agreements, delegations, and contracts with other agencies, e.g. DCMA.

3302 ¢ An initial Manufacturing Management Plan has been developed that addresses each key area
3303 of the strategy and provided for incorporation into the SEP and includes details in accordance
3304 with AS6500 and addresses:

3305 0 Manufacturing Management System

3306 o Design Analysis for Manufacturing

3307 0 Manufacturing Risk ldentification (including mitigation)

3308 0 Manufacturing Planning

3309 0 Manufacturing Operations Management
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Tools
e Systems Engineering Plan (SEP)

0 Manufacturing Plan Inputs
0 Quality Plan Inputs

Resources

e MIL-STD-896B, Manufacturing and Quality Program, Aug 2008

e AS6500, Manufacturing Management Program, Nov 2014

e SEP Outline, Jun 2015

e DAG, Chapter 3-4 3.18, Producibility, Quality and Manufacturing Readiness, 2017
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3. Technology Maturation and Risk Reduction
(TMRR) Phase

Introduction

As stated in Department of Defense Instruction (DoDI) 5000.02, “The purpose of this phase is to
reduce technology, engineering, integration, and life cycle cost risk to the point that a decision to
contract for EMD can be made with confidence in successful program execution for development,
production, and sustainment.”

Technology Maturation and Risk Reduction (TMRR) includes a mix of activities intended to reduce
the risks associated with the product to be developed. This includes design and requirements trades,
maturation and validation of capability requirements, and finalization of affordability caps. The
phase normally includes competing sources conducting technology maturation and risk reduction
activities. The phase also includes preliminary design activities, including a Preliminary Design
Review (PDR), leading to source selection for the Engineering and Manufacturing Development
(EMD) phase.

A. DoD Acg. System Technical Reviews

Updates to Program
i :

() RFP Ms
T M R R As Validation RDP B
' SEP
TEMP
Draft SRR SFR °
CDD CcbD
A.1Support Early AZProvide Mg. and Quality A.3 Support A.4 Support Program

PDR Decision Reviews

B.Z Develop EMD

B.3 Develop EMD

B.IProvide .2 Provide
Input to EMD ||Input to EMD
REP SSP

B.5 Update RFP|
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Contracting System Award Fee Criteria Criteria Post-PDR
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Mar 't Quality Strategy Program Quality Plan Quality Mgmt. Quality Mgmt. System Quality Strategy
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J.1dentify Required
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L.3 Assess Contractor
Mfg. Mgmt. System
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K.3 Identify Special Tooling, | |
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K. Facilities |
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L.2 Update Mfg.
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Figure 3-1. TMRR Phase Manufacturing and Quality Activities
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The program can exit TMRR 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 and found to be sufficiently mature,
manufacturing risks have been identified and assessed, and a system or increment can be developed
for production within a short time frame.

Key program phase reviews and documentation include:

e System Requirements Review (SRR)
e System Functional Review (SFR)
e Program Documentation

0 Acquisition Strategy (AS)

o0 Systems Engineering Plan (SEP)

0 Test and Evaluation Master Plan (TEMP)
o Capability Development Document (CDD)

¢ Requests for Proposals (RFP)

e Source Selection Plans (SSP)

e Preliminary Design Review (PDR)
e CDD Validation

e Milestone B (MS B) Decision

Manufacturing and Quality Objectives

Manufacturing and quality risks, issues, and opportunities are the most important factors in making
the decision to proceed within all phases of development and production. The producibility of the
design and risks are reviewed prior to the EMD phase. The TMRR phase requires assessments of the
industrial base (IB) and of the contractor(s) selected.

Programs need to specifically assess the capabilities of the industrial base in order to understand if
the base can support their program. Multiple technology development demonstrations may be
required before the operational user and the contractor can substantiate that the solution is feasible,
affordable, and supportable; satisfies capability requirements; and has acceptable risks.

By the end of the TMRR phase, manufacturing and quality processes will be assessed and
demonstrated to the extent needed to verify that risks have been reduced to an acceptable level. Some
of the mitigations may involve investments in industrial base capabilities (i.e., Title I11) as well as
investments in advanced manufacturing capabilities (i.e., ManTech).

Program management is responsible for implementing effective risk, issue, and opportunity (RIO)
management and tracking to include the identification of all known risks, key assumptions,
probability of occurrence, consequences of occurrence (in terms of cost, schedule, and performance)
if not handled, analysis of risk handling options, decisions about actions to mitigate risk, and
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execution of those actions. Manufacturing and quality personnel are responsible for identification,
prioritization, and mitigation of manufacturing and quality risks and issues.

Manufacturing and quality personnel participation in and support to Program Design IPTs are critical
to success in producing a manufacturable and affordable system with acceptable risks. In TMRR,
costs need to be defined and finalized to include identified manufacturing and quality cost drivers
based on contractor-proposed materials and processes, producibility costs, required investments.

Manufacturing and quality personnel should analyze the contractor’s processes, materials, make/buy
processes (hardware and software), and supply chain for capability and completeness, and
identification of single points of failure for mitigation. Process capability and control should be an
integral part of any development program and lead to a producible system with effective and efficient
manufacturing processes. Workforce skills identification and plans should provide inputs to program
planning and should identify the skills required for the scope of the technical effort needed to
develop, field, and sustain the system. Also, manufacturing and quality personnel should conduct
assessments of contractor-proposed facilities and tooling for TMRR and subsequent phases.

During the TMRR phase the contractor will produce prototypes that will be used during tests to
validate that the design meets requirements. These prototypes will be built in a relevant
manufacturing environment, meaning that there are some elements of production realism present on
the manufacturing line. To the extent practicable, manufacturing and quality personnel will assess the
processes used for prototype build and evaluate the tests and demonstrations to better understand the
issues that will need to be resolved during the EMD phase.

Contractors must have an effective combination of people and systems in order to plan for, monitor,
and control manufacturing and quality resources. To manage these resources, an effective
implementation of a manufacturing management system and a quality management system is
required during TMRR. A well-structured manufacturing management system generally employs the
use of industry best practices. A Quality Management System (QMS) compliant with industry best
practices is the foundation for the contractor to deliver a system that meets requirements. Assessment
of the contractor’s manufacturing management and quality systems should be performed against the
recognized industry best practices such as AS6500, 1SO 9000, AS9100, etc.

The initial manufacturing and quality strategies should have been developed during the Materiel
Solution Analysis (MSA) phase. During TMRR phase, an effective joint government/contractor
manufacturing strategy and quality strategy are required if the program is to adequately reduce risks
and mature and deliver a design for an operationally safe, suitable, and effective weapon systems. In
addition, the program and the contractor should develop a joint government/contractor manufacturing
and quality plans that execute the strategy for EMD.
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A. DOD ACQUISITION SYSTEM

The TMRR phase objective is to develop and demonstrate competitive sources and prototype designs
to reduce technical risk, validate designs and cost estimates, evaluate manufacturing processes, and
refine requirements. It is focused on maturing, prototyping, and demonstrating technologies in a
relevant environment, resulting in a preferred system concept that achieves acceptable low-risk entry
into the EMD phase.

/M5 A RFP
f A AS alidation RDP B

SEP

TEMP
Draft SRR SFR
DD CDD

A.2 Provide Vg, and Quality
Updates to Program
Doc ion

A.1 Support Early
Technical Reviews

A.3 Support
PDR

A.4 Support Progmm
Decision Reviews

A. DoD Acg. System ‘

Effective employment of systems engineering will reduce program risk. This is monitored by
meaningful technical reviews to reduce program risk, identify potential management issues in a
timely manner, and support key program decisions. Manufacturing and quality managers should be
making significant inputs into these activities and reviews. Early program reviews include the SRR
and SFR. The SRR is conducted to help ensure the level of understanding of top-level system
requirements is adequate to support further requirements analysis and design activities, and that the
system can proceed into initial system design with acceptable risk. The SFR is conducted to help
ensure that the system under review can proceed into preliminary design with acceptable risk and that
all system requirements and functional performance requirements derived from the approved
preliminary system specification are defined and are consistent with the program budget, program
schedule, risk, and other program and system constraints.

The AS developed for the Milestone A (MS A) decision should have addressed the following
program objectives:

e Use of industry best practices for manufacturing, quality, and systems engineering
management

e The likely outcome is worth the investment in both resources (real costs) and schedule
(opportunity costs)

e The end item meets required performance objectives

e Allrisks, issues, and opportunities are identified, managed, and mitigated to an acceptable
level

e The business strategy effectively executes the program

In the TMRR phase, the updated Acquisition Strategy describes the overall approach to acquiring the
capability to include the program schedule, risks, funding, and the business strategy.
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The pre-MS A initial manufacturing and quality strategies, as an integral part of the AS, includes
considerations of:

e Competition

e New manufacturing technologies
e Production rates and quantities

e Materials sourcing

e Contracting strategies

For TMRR, the updated manufacturing and quality strategies are a subset of the program Acquisition
Strategy and will include these same considerations. Competition is a major contributor to reducing
weapon system cost. If the program will be dual sourced, the early planning must take into account
the strategy required to ensure availability of capability and data and data rights for dual sourcing.
New manufacturing technologies, if required by the system concept, will require specific plans for
development, proofing, and transition of the technology to the eventual producer. This effort will
necessitate close coordination with the Service manufacturing technology organization to ensure
compatibility of the technology development schedule with the system development schedule.
Production rates and quantities also play a major role in driving manufacturing cost as they will drive
decisions on what production processes to use, types of tooling required, make-buy decisions, etc.

The Acquisition Strategy provides a master schedule for research, development, test, and production.
Manufacturing and quality considerations for inclusion in the strategy should include establishing
feasibility, assessing risks, identifying capable manufacturers and suppliers, manufacturing
technology maturation, capabilities of the industrial base, availability of critical materials, and the
transition from development to production. The Acquisition Strategy and the included Manufacturing
and Quality Strategies summarize how the industrial and manufacturing risk will be addressed in the
TMRR phase to ensure that manufacturing maturity is appropriate to enter EMD, particularly for new
or high risk manufacturing endeavors.

The SEP implements the technical development and engineering aspects of the AS. The Pre-MS A
SEP requires updates based on contract award to reflect any changes due to the contractor’s technical
approach and details not available prior to contract award. Effective employment of systems
engineering with competitive prototyping, as applied through the SEP, and monitored with
meaningful technical reviews, will reduce program risk, identify potential management issues in a
timely manner, and support key program decisions. Manufacturing and quality managers should be
making significant inputs into these documents and activities. In addition, manufacturing and quality
personnel should provide a manufacturing and quality capability assessment update for the SEP
during TMRR. They should assess manufacturing and quality risks for each competing prototype
during TMRR and verify risks have been reduced to an acceptable level. Individual risks should be
identified and integrated into a cumulative assessment of the production, manufacturing, and quality
risks, issues, and opportunities.

Manufacturing and Quality Management Body of Knowledge
DRAFT - Coordination Copy — January 2018
159



153
154
155

156
157
158
159
160
161
162
163
164
165
166
167

168
169
170
171
172
173
174

175
176
177
178
179

180
181
182
183
184
185

186
187
188

DRAFT
3. Technology Maturation and Risk Reduction (TMRR) Phase

As the program matures, it is important to mature the requisite manufacturing requirements and
processes needed to build prototypes and production items. The SEP ensures this by providing,
updating, and planning for:

e Conducting producibility analyses with consideration of the life cycle costs of proposed
manufacturing, assembly, and test processes.

¢ Significant activities (i.e. manufacturing assessments, long-lead or advanced procurements,
prototype builds, production lots/phases, Production Readiness Review (PRR)) indicated on
program schedule.

¢ Industrial, manufacturing, production, engineering, software, firmware, and quality risks and
issues, and reduction efforts, as well as opportunities.

e Manufacturing and quality organization, billets, and Production Quality and Manufacturing
(PQM) Key Leadership Positions (KLP).

e Manufacturing and Quality Roles and Responsibilities of IPTs (Team Details — Name, Chair,
Membership, Roles, Responsibility, and Authority, Products and Metrics).

e Planned activities for the next phase.

Additional considerations for the Acquisition Strategy and the SEP, based on assessments of the
contractor’s cybersecurity plans, are manufacturing and quality inputs for cybersecurity that include
technical risks, processes, industrial control systems, manufacturing and quality resources and
organizations, and design considerations. Another consideration is that the updated Program
Manufacturing and Quality Strategies include appropriate agreements, delegations, and contracts
with other agencies (e.g., Defense Contract Management Agency (DCMA), Defense Logistics
Agency (DLA), etc.).

Outputs of the SRR, SFR, and Preliminary Design Review (PDR) will create the need for substantive
updates and changes to the SEP. This phase normally includes competitive sources conducting
TMRR activities and preliminary design activities up to and including a PDR prior to source
selection for the EMD phase. A final revision and re-submission will be required for approval before
the EMD Request for Proposal Release Decision Point (RFP RDP) and Milestone B.

The role of manufacturing and quality in the TMRR phase is to influence the design. This is critical
because of the impact design decisions have on Life Cycle Cost (LCC). Studies have shown that by
the time a PDR is held approximately 80 percent of the program’s LCC is determined, even though
only a small percentage of the program’s cumulative costs have been expended (citation to come). It
is also the time when a program or contractor has the most opportunity to impact life cycle cost
savings.

The PDR is a technical assessment establishing the allocated baseline to ensure that the system under
review has a reasonable expectation of being judged operationally effective and suitable, and has a
reasonable expectation of satisfying the requirements within the currently allocated budget and
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schedule. A successful PDR includes an assessment of the producibility of the design and an
assessment of manufacturing costs and risks.

During this phase, and timed to support CDD validation (or its equivalent), manufacturing and
quality will provide support to the Program Manager’s conduct of systems engineering trade-off
analyses showing how cost and capability vary as a function of the major design parameters. The
analyses will support the assessment of refined Key Performance Parameters (KPP), Key System
Attributes (KSA)in the CDD. Capability requirements proposed in the CDD (or equivalent
requirements document) should be consistent with program affordability goals.

In support of program decision reviews, RFP RDP and Milestone B, manufacturing and quality will
have conducted additional requirements analyses and demonstrations including: requirements
decomposition and allocation, definition of internal and external interfaces, design activities, and
prototypes and process demonstrations that led to a PDR. Milestone B requires final demonstration
that all sources of risk have been adequately mitigated to support a commitment to design for
production. This includes technology, engineering, integration, manufacturing, sustainment, and cost
risks. In addition, pursuant to the NDAA for FY 2017, Sec. 807, before any decision to grant
Milestone B approval for the program (pursuant to section 2366b), manufacturing and quality
personnel are required to identify manufacturing processes that have not been successfully
demonstrated in a relevant environment.

A.1 Support Early Technical Reviews

Manufacturing and Quality Tasks

e Provide manufacturing and quality support to the program’s overall risk, issue, and
opportunity management processes (e.g., industrial base, manufacturing technology gaps,
quality, software, and engineering related risks/issues, etc.).

e Provide manufacturing and quality Program workforce requirements for Program
organization, billets, and PQM Key Leadership Positions.

¢ Provide the manufacturing and quality management requirements (e.g., AS6500, 1SO 9000,
AS9100, IEEE 15288, etc.) to program management to be used in assessing the contractor’s
plans to meet Program cost, schedule, and performance requirements throughout the product
life cycle (see I.1 and L.1).

o0 Ensure the program and contractor have a joint understanding of the system
manufacturing and quality requirements and performance that are:

= Consistent with the preferred materiel solution

= Consistent with manufacturing and quality budget, schedule, risk, user, and other
specific constraints

= Feasible given available manufacturing technologies for the preferred system solution

= Adequate and consider the maturity of interdependent system elements
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= Bidirectional with traceability to the set of source documents (e.g., Key
Characteristics (KC) to KPPs

= Verifiable with defined and agreed-upon methods

= Consistent with program’s objectives (with manageable risk)

¢ Provide manufacturing and quality support to the SRR:

(0}

(0]

Provide requirements that are sufficiently detailed and understood that enable
manufacturing and quality functional definitions and functional decompositions

Assess manufacturing and quality feasibility of the contractor(s)’ proposed (traceability
to the A0A results):

= External interface requirements
= Alternative and/or competitive architectural concepts
= Operational and life cycle sustainment requirements

Provide manufacturing and quality requirements in support of:

= Human safety and health

= Hazardous materials management and pollution prevention

= Environmental (e.g., shock, vibration, thermal, humidity, electromagnetic
interference/impact, electrostatic discharge, transport, etc.)

= Security (physical and cyber) for both hardware and software

= Key Performance Parameters (i.e., KCs)

= Data management and software (including collection, analysis, testing, and methods
of analysis, storage, retrieval of manufacturing and quality data)

= Supportability and sustainment

= Use of commercial off-the-shelf (COTS), government off-the-shelf (GOTS), and
government-furnished equipment (GFE) (including diminishing manufacturing
sources)

= Parts, materials, and processes

Provide manufacturing and quality analyses of requirements that potentially impact
manufacturing feasibility for:

= System Human System Integration/interface requirements

= System Safety requirements

= System command, control, communication, computer, and intelligence (C4l)
requirements

= System security requirements (e.g., communications, cyber, program protection, anti-
tamper, etc.)

= Key Performance Parameters (e.g., mandatory and other)

= Interoperability requirements

= Electromagnetic Interference (EMI) and Electromagnetic Compatibility (EMC)
requirements

» Product assurance
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= Specialized manufacturing requirements (extreme complexity, multiple or very tight
tolerances, precision assembly, handling of fragile components, etc.)

0 Assess and analyze the completeness and adequacy of manufacturing and quality aspects
and requirements for:

= Contractor’s plans for processes and metrics included in the System Engineering
Management Plan (SEMP)

= Contractor’s budget and schedule plans including identification of cost and schedule
drivers (with impacts on the critical path)

= Contractor’s software development strategy and development plans (to include
functionality, adequacy, testing, etc.)

= Technology maturation plans

= Developmental Test and Evaluation (DT&E) approaches

= Development, qualification, and acceptance testing approaches including
consideration for non-developmental items (NDI), COTS, and reuse items

= Modeling and Simulation plans to include design, production, processes, costing, etc.

o Provide manufacturing and quality strategies input to:

= The joint program/contractor risk, issue, and opportunity management system
including hazards, technologies, sources of supply, etc., and mitigating courses of
action

= The joint program/contractor configuration management system

= The joint program/contractor Integrated Master Plan/Integrated Master Schedule

= The Cost Analysis Requirements Description (CARD) for manufacturing and quality
should-cost inputs (See F.1)

Provide manufacturing and quality analyses and support to the program and systems
engineering functions by:

o Conducting manufacturing feasibility analyses including cost and schedule

o Providing manufacturing and quality requirements mapped to the hardware and software
functional baseline

o0 Providing traceability of manufacturing and quality requirements to the draft Capability
Development Document (CDD)

o Providing results of industrial base capabilities studies

o Conducting assessments of risks, issues, and opportunities and associated mitigation
planning

0 Manufacturing and quality inputs to the program PDR planning to include sustainment
and life cycle planning

o Providing analysis of the contractor’s SEMP

o Providing inputs to the detailed plan and schedule with inputs on sufficient resources to
continue design and development (i.e., Integrated Master Plan (IMP) and Integrated
Master Schedule (IMS)
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o0 Providing results of assessments of contractor(s) and supply chain capability to mature
the proposed design(s) within the program overall cost, schedule, and performance goals
(See E.2)

o Providing results of manufacturing and quality design producibility analyses (See E.2)

o Conducting analyses of materials availability, maturity, and characterization (See G.2)

o0 Conducting assessments and providing estimates of process maturity and capability for
manufacturing and production processes (See H.1)

0 Assessing contractor initial Manufacturing Plans for workforce requirements, skills,
capabilities, training, and certifications (including for prototypes and system
development) (See J.1)

o Providing analyses of the contractor’s tooling and facilities strategies (See K.1)

0 Assessing the contractor’s Manufacturing Management System and plans (See L.1)

Metrics

e Manufacturing and quality support to the program’s overall risk, issue, and opportunity
management processes have been provided and document the industrial base, manufacturing
technology gaps, quality, software, and engineering-related risks/issues, etc.

e Manufacturing and quality Program workforce requirements have been documented and
provided to program management delineating manufacturing and quality billets, PQM Key
Leadership Positions, IPT membership, etc.

e Documented manufacturing and quality management requirements have been provided to
program management for use in assessment of contractor’s plans to meet program cost,
schedule, and performance requirements throughout the product life cycle. (e.g., AS6500,
ISO 9000, AS9100, IEEE 15288, etc.)

o Program and contractor joint understanding of the system manufacturing and quality
requirements and performance have been agreed to and document:

= Consistency with the preferred materiel solution

= Consistency with manufacturing and quality budget, schedule, risk, user and other
specific constraints

= Feasibility of given manufacturing technologies for the preferred system solution

» Adequacy and maturity of interdependent system elements

= Bi-directional traceability to the set of source documents (e.g., KCs to KPPs)

= Defined and agreed-upon methods for verification

= Consistency with program’s objectives (with manageable risk)

e Documented manufacturing and quality support has been provided to the SRR to include:

o0 Requirements that are sufficiently detailed and understood that enable manufacturing and
quality functional definitions and functional decompositions
0 Assessments of manufacturing and quality feasibility including contractor(s) proposed:

= External interface requirements
= Alternative and/or competitive architectural concepts
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= QOperational and life cycle sustainment requirements
Manufacturing and quality requirements for:

= Human safety and health

= Hazardous materials management and pollution prevention

= Environmental parameters (e.g., shock, vibration, thermal, humidity, electromagnetic
interference/impact, electrostatic discharge, transport, etc.)

= Security parameters (physical and cyber) for both hardware and software

= KPPs (i.e., KCs)

= Data management and software (including collection, analysis, testing, and methods
of analysis, storage, retrieval of manufacturing and quality data)

= Supportability and sustainment

= Use of COTS, GOTS, and GFE (including diminishing manufacturing sources)

= Parts, materials, and processes (PM&P)

Analyses of manufacturing and quality requirements that document the impacts to
manufacturing feasibility by:

= System Human System Integration/interface requirements

= System Safety requirements

= System command, control, communication, computer, and intelligence (C41)
requirements

= System security requirements (e.g., communications, cyber, program protection, anti-
tamper, etc.)

= KPPs (e.g., mandatory and other)

= Interoperability requirements

= EMI and EMC requirements

= Product assurance requirements

= Specialized manufacturing requirements (extreme complexity, multiple or very tight
tolerances, precision assembly, handling of fragile components, etc.)

Analyses have been accomplished and document the completeness and adequacy of
manufacturing and quality aspects and requirements included in contractor’s:

= Plans for processes and metrics included in SEMP

= Plans for budget and schedule including identification of cost and schedule drivers
(with impacts on the critical path)

= Software development strategy and plans (to include functionality, adequacy, testing,
etc.)

= Technology maturation plans

= DT&E approaches

= Development, qualification, and acceptance testing approaches including
consideration for NDI, COTS, and reuse items

= Modeling and Simulation plans to include design, production, processes, costing, etc.
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Documentation of manufacturing and quality strategy inputs to:

= The joint program/contractor risk, issue, and opportunity management system
including hazards, technologies, sources of supply, etc., and mitigating courses of
action

= The joint program/contractor configuration management system

= The joint program/contractor Integrated Master Plan/Integrated Master Schedule

= The CARD for manufacturing and quality should-cost inputs (See F.1)

Manufacturing and quality analyses and support have been provided to the program and
Systems Engineering functions and for the SFR document:

0]
(0]

O O OO

o O

Manufacturing feasibility analyses to include cost and schedule

Mapping of manufacturing and quality requirements to the hardware and software
functional baseline

Traceability of manufacturing and quality requirements to the draft CDD

Results of Industrial Base capabilities studies

Assessments of risks, issues, and opportunities and associated mitigation planning
Manufacturing and quality inputs for Program PDR planning including sustainment and
life cycle planning

Analysis and recommendations for the contractor’s SEMP

Inputs and recommendation on the detailed plan and schedule including inputs on
sufficient resources to continue design and development (i.e., IMP/IMS)

Results and recommendations from assessments of contractor(s) and supply chain
capability to mature the proposed design(s)

Results of manufacturing and quality design producibility analyses

Analyses of materials availability, maturity, and characterization

Results of assessments and estimates of process maturity and capability for
manufacturing and production processes

Analyses and recommendations for the contractor initial Manufacturing Plans concerning
workforce requirements, skills, capabilities, training, and certifications

Analyses and recommendations for the contractor’s tooling and facilities strategies
Analyses and recommendations for the contractor’s Manufacturing Management System
and plans

AS6500 Manufacturing Management System Checklist
AS9100 Quality Management System Checklist

Cost Estimating Worksheet, Manufacturing

ISO 9001 Quality Management System Checklist
Manufacturing Readiness Level (MRL) Assessment Checklist
Technology Readiness Level (TRL) Assessment Checklist
Risk Assessment Tool
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420 e Systems Engineering Plan (SEP) Outline

421 e System Requirements Review (SRR) Checklist

422 e System Functional Review (SFR) Checklist

423 ¢ Industrial Base Assessment Survey Form DCMA Industrial Analysis Center

424 Resources

425 e AS6500, Manufacturing Management Program, Nov 2014

426 e MIL-HDBK-896A, Manufacturing and Quality Program, Aug 2016

427 e AS9100 Quality Systems — Requirements for Aviation, Space, and Defense Organizations,
428 Sep 2016

429 e Cost Analysis Guide, Nov 1989

430 e DoD 5000.60-H, DoD Handbook: Assessing Defense Industrial Capabilities, Apr 1996
431 e DFARS 252.204-7012, Safeguarding Covered Defense Information and Cyber Incident
432 Reporting

433 o |EEE 15288.1-2014, Application of Systems Engineering on Defense Programs

434 e |EEE 15288.2-2014, Technical Reviews and Audits on Defense Programs

435 e 1S0O 9001:2015, Quality Management System

436 e NIST 800-171, Controls for Controlled Unclassified information, June 2015

437 e DoDI 5000.02, Operation of the Defense Acquisition System, Feb 2017

438 e MIL-STD-1472, DoD Design Criteria Standard: Human Engineering

439 e DoD HCI Style Guide, Human Computer Interaction (HCI), 1994

440 e Technology Readiness Assessment Guidance, Apr 2011

441 e Defense Manufacturing Management Guide for Program Managers, Chapter 12 — Technical
442 Reviews and Audits, Specifically 12.5.3 System Requirements Review (SRR), 12.5.4 and
443 System Functional Review (SFR)

444 e Guide to Environment, Safety, and Occupational Health (ESOH) in the Systems Engineering
445 Plan (SEP), no date

446 e DoD Risk, Issue, and Opportunity Management Guide for Defense Acquisition Programs,
447 Jan 2017

448 e Systems Engineering Plan (SEP) Outline, Jun 2015

449 A.2 Provide Manufacturing and Quality Updates to Program Documentation

450  Manufacturing and Quality Tasks

451 e Based on the results, action items, and resolutions pertaining to manufacturing and quality
452 requirements and concerns from the SRR and the SFR, update the Manufacturing Strategy
453 and Quality Strategies to address development and considerations of:

454 o Comepetition and contracting strategies

455 0 Management (quality, manufacturing, supply chain, risks, etc.)

456 o Design (feasibility, producibility, KCs, risks, etc.)
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New manufacturing technologies

Modular Open Systems Approach (MOSA)

Intellectual Property rights (including deliverables and associated license rights over the
entire product life cycle)

Materials (characteristics, sourcing, risks, etc.)

Cyber threat protection measures (See L.2)

Integrated Product Support Plan

Process, rates, and quantities (capabilities, control, risks, etc.) (See H.1)

Facilities, Tooling, and Workforce (including GFE/GFI, STE/SIE, special requirements,
etc.)

Provide in the Manufacturing and Quality Strategies detailed manufacturing and quality
requirements for:

(0]

(0}

o

o O

O O OO

Rates, quantities, and schedule (including reference to Economic Order Quantity and the
affordability targets)

Manufacturing maturity and progress against manufacturing and quality goals required
for each technical review (SRRs, PDRs, CDRs, and at other appropriate reviews)
Human safety and health

Hazardous materials management and pollution prevention

Environmental parameters (e.g., shock, vibration, thermal, humidity, electromagnetic
interference/impact, electrostatic discharge, transport, etc.)

Security parameters (physical and cyber) for both hardware and software

KPPs (i.e., KCs)

Data management and software (including collection, analysis, testing, and methods of
analysis, storage, retrieval of manufacturing and quality data)

Supportability and sustainment

Use of priorities, allocations, and allotments, and justification

Use of COTS, GOTS, and GFE (including diminishing manufacturing sources)

Parts, materials, and processes (PM&P)

Update the Manufacturing Strategy and Quality Strategy to address the sustainment of
industrial capabilities (including manufacturing technologies and capabilities) and the
maturation required during the EMD and subsequent phases.

o

Provide manufacturing and quality inputs on product or component obsolescence (known
and/or projected), use and replacement of limited-life items, options for unique
manufacturing processes and products (avoidance or regeneration), and the capability to
convert off-the-shelf items to required specifications at the subsystem, item, and
component levels.

Provide manufacturing and quality inputs on products or components (known and/or
projected) from sole, single, fragile, or foreign sources including options for:

= Domestic alternatives through regeneration of prior capability
= Creation of new capability for manufacturing products and processes
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= Lifetime buy of items at the subsystems, and component levels

Incorporate planning for new or high-risk manufacturing capabilities and processes
Manufacturing Technology (ManTech) in the Manufacturing Strategy that addresses risks,
issues, and opportunities in the EMD phase. (See D.2)

o If this new manufacturing capability can be demonstrated in TMRR phase in a relevant
manufacturing environment, specify this demonstration in the plans
0 Include insertion of the new manufacturing capability in planning for EMD

Initiate the manufacturing and quality Industrial Base (I1B) capability analyses updates for
inclusion in the Acquisition Strategy and the RFP to include inputs on:

o |IB capabilities, fragility, gaps, and risks for the Acquisition Strategy (e.g., key
technologies and key and critical processes, parts, components, etc.)

o Capability of the IB to design, develop, produce, support, and restart the acquisition
program, if appropriate

o Impacts and interdependencies of this acquisition on the National Technology Industrial
Base (NTIB) and the analyses used to make this determination

= Include how they will be managed
= Include plans for future assessments, including frequency

o0 Government strategy and actions necessary to preserve the 1B capabilities (e.g.,
incentives for the contractor to support 1B capability preservation, ManTech/Title 111
initiatives, etc.)

Provide manufacturing and quality inputs to Acquisition Strategy for a contracting strategy
that supports selection of the best course of action through either a competitive award, a sole
source award, or multiple source development to include:

o0 Manufacturing and quality metrics to differentiate the value of each contract type to
include performance, capacity, functional, economic, etc.

o0 Impacts and risks, issues, and opportunities that may result from different contract types
(Firm Fixed Price (FFP), Fixed Price Incentive Fee (FPIF), Cost Plus Fixed Fee (CPFF),
etc.)

0 Prototyping approach for EMD, either competitive, single, or prototyping of critical
subsystems (statutory requirement for Major Defense Acquisition Program (MDAP) AS,
regulatory requirement for all other programs)

o Potential production approach for EMD and subsequent phases

Update manufacturing and quality inputs to the Acquisition Strategy for EMD with a source
selection approach that establishes and maintains access to competitive suppliers at the
system, subsystem, and component level (e.g., requiring a modular open systems approach,
alternative sources of supplies or services, etc.).
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533 e Provide updated manufacturing and quality requirements as inputs for required technical
534 reviews, production decisions, events, prototypes, and deliveries, including sub-tier

535 subsystem, item, and components, to be included in the Acquisition Strategy based on:

536 0 Reports and data from Defense Contract Management Agency (DCMA)

537 0 Analyses materials availability (lead-time and scale-up) and maturity (characterization)
538 o Contractor data on rates and yields for manufacturing and quality

539 0 Analyses of manufacturing and quality maturity and projections

540 0 Reports on facilities, tooling, and workforce utilization

541 0 Updated capital equipment requirements

542 e Provide updated manufacturing and quality inputs and plans to the IMP/IMS including:
543 o0 Schedule for any planned use of government-furnished special test equipment (STE),
544 government facilities/ranges, unique tooling, or other similar requirements (specific
545 M&S, communications, restricted environment, etc.).

546 o0 Schedule impacts from the requirements for special materials and allotments, and the
547 reasons for them if applicable

548 0 Manufacturing and quality internal and external interdependencies and integration with
549 existing programs, systems, and other programs in development that potentially impact
550 the critical path

551 o0 Inputs on reviews down to the sub-tier level (including PDR, CDR, PRR, etc.),

552 documentation inputs (e.g., draft CDD, TEMP, AS, SEP, PDR, etc.), production events,
553 and deliveries

554 e Update the government Manufacturing Management and Quality Management approach for
555 EMD to include: (See I.1 and L.2)

556 o Changes in manufacturing and quality requirements

557 0 Manufacturing and quality resource management (minimizing cost, schedule, and

558 performance risks for the product life cycle)

559 o Potential changes to manufacturing and quality organization and staffing with Key

560 Leadership Positions (KLP) and necessary skilled manpower

561 o0 Changes to manufacturing and quality support organization required to meet program
562 projected needs for EMD and subsequent phases including:

563 = Earned Value Management requirements

564 = Cost control requirements

565 = Data collection, reporting, and management

566 e Update the manufacturing and quality requirements for the EMD contractor’s Manufacturing
567 Management System (MMS) and Quality Management System (QMS).

568 o Specify the standards to be used to promote industry best practices (e.g., AS6500, 1ISO
569 9000, AS9100, IEEE 15288.0, -.1, -.2, etc.)

570 o If manufacturing and quality standards are not specified, develop requirements for

571 program specific manufacturing management plan and quality management plan.
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572 o Identify manufacturing and quality opportunities, initiatives, and systems that will

573 contribute to minimizing cost, schedule, and performance risks throughout the product
574 life cycle

575 e Update requirements for identification, analysis, mitigation, tracking, and control of

576 manufacturing and quality risks, issues, and opportunities that impact performance, technical,
577 cost, schedule, sustainment, and programmatic areas throughout the life of the program.
578 o Ensure a joint manufacturing and quality comprehensive Risk, Issue, and Opportunity
579 (RIO) Management Process that is capable of identifying and tracking risks and

580 associated mitigation plans is in place

581 e Analyze identified manufacturing and quality risks, issues, and opportunities, and associated
582 mitigation plans for adequacy and completeness, and potential impacts on EMD and

583 subsequent phases to include:

584 o Risk of industry being unable to provide program design or manufacturing capabilities at
585 planned cost and schedule

586 o Materials, facilities, workforce, interdependencies with other programs, manufacturing
587 technology gaps, quality, software and engineering related risks, issues etc.

588 0 Required maturation of critical technologies and manufacturing processes to the

589 appropriate level

590 0 Manufacturing and quality cost and schedule impacts

591 e Update manufacturing and quality exit criteria metrics for TMRR and subsequent phase
592 decision points.

593 0 Metrics should include current and projected manufacturing and quality maturity of
594 identified critical technologies and manufacturing processes

595 0 Metrics should also include the planned Manufacturing Readiness Level (MRL) targets
596 for system, subsystems, components, and items

597 e Update the manufacturing and quality support plan for an assessment of manufacturing
598 readiness and the mandated independent assessment.

599 e Ensure other agencies are providing inputs on strategies (e.g., DCMA, Defense Logistics
600 Agency (DLA), etc.) for quality, manufacturing, production, engineering, software

601 development, configuration management, testing and quality.

602 e Manufacturing and quality updated inputs to the SEP and TEMP include the following:
603 0 Manufacturing and quality updates and impacts on all KPPs including the mandatory
604 KPPs (Force Protection, System Survivability, Sustainment, and Energy)

605 o Planned significant activities indicated on the up-to-date EMD program schedule

606 = Manufacturing assessments

607 » Long-lead or advanced procurements

608 = Prototype builds

609 = Projected lots or phases
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=  Production Readiness Review

Updated inputs to the program Risk, Issue, and Opportunity Management process and
plans which include:

= Industrial risks

= Manufacturing risks

= Quality risks

= Engineering risks

= Software risks

= Production risks

= Risk reduction and mitigation efforts

Updated Program Manufacturing Management Plan addressing software development
and reuse.

Updated manufacturing and quality inputs from assessment of the contractor’s
management of and processes for Safeguarding Covered Defense Information and Cyber
Incident Reporting including:

= Compliance with Defense Federal Acquisition Regulation Supplement (DFARS),
Program Protection Plan (PPP), International Trafficking in Arms Regulation
(ITAR), etc.

= Management of Controlled Unclassified Information

= Technical approaches to cybersecurity and related manufacturing and quality
security, including suppliers, risks, processes, industrial control systems, resources,
metrics, and design considerations

Updated Program Manufacturing Management Plan addressing each key area of the
Manufacturing Strategy (in accordance with AS6500) to include:

= Manufacturing Management System

= Design Analysis for Manufacturing

= Manufacturing Risk Identification (including mitigation)
» Manufacturing Planning

= Manufacturing Operations Management

Updated inputs on the manufacturing and quality organization, billets and key
assignments including

» Roles and Responsibilities of IPTs (Team Details — Name, Chair, Membership,
Roles, Responsibility, and Authority, Products and Metrics)

Updated manufacturing and quality planning for assessments to be conducted; metrics to
be tracked; progress against goals, thresholds, and objectives; entry and exit criteria for
technical reviews; design considerations; etc.

Updated manufacturing and quality inputs to the configuration managed IMP/IMS
including critical path
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Manufacturing Strategy and Quality Strategies have been updated based outputs from the
SRR and SFR pertaining to manufacturing and quality requirements and concerns and
address:

©O OO0 O 0O

©O 0O 0O O0Oo

Comepetition and contracting strategies

Management (quality, manufacturing, supply chain, risks, etc.)

Design (feasibility, producibility, KCs, risks, etc.)

New manufacturing technologies

Modular Open Systems Approach (MOSA)

Intellectual Property rights (including deliverables and associated license rights over the
entire product life cycle)

Materials (characteristics, sourcing, risks, etc.)

Cyber threat protection measures (See L.2)

Integrated Product Support Plan

Process, rates, and quantities (capabilities, control, risks, etc.) (See H.1)

Facilities, Tooling, and Workforce (including GFE/GFI, STE/SIE, special requirements,
etc.)

Manufacturing and Quality Strategies contain detailed manufacturing and quality
requirements for:

(0}

o

o O O

O O o0Oo

Rates, quantities, and schedule (including reference to Economic Order Quantity and the
affordability targets)

Manufacturing maturity and progress against manufacturing and quality goals required
for each technical review (SRRs, PDRs, CDRs, and at other appropriate reviews)
Human safety and health requirements

Hazardous materials management and pollution prevention

Environmental parameters (e.g., shock, vibration, thermal, humidity, electromagnetic
interference/impact, electrostatic discharge, transport, etc.)

Security parameters (physical and cyber) for both hardware and software

KPPs and resulting KCs

Data management and software which includes collection, analysis, testing, and methods
of analysis, storage, retrieval of manufacturing and quality data

Supportability and sustainment requirements

Use of priorities, allocations, and allotments, and justification

Use of COTS, GOTS, and GFE (including diminishing manufacturing sources)

Parts, materials, and processes (PM&P)

Manufacturing Strategy and Quality Strategies have been updated to address the sustainment
of industrial capabilities (including manufacturing technologies and capabilities) and the
maturation required during the EMD and subsequent phases.

(0]

Manufacturing and Quality Strategies contain plans for mitigation of product or
component obsolescence, use and replacement of limited-life items, unique more efficient
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manufacturing processes and products (avoidance or regeneration), and converting off-

the-shelf items to required specifications at the subsystems, item, and component levels
0 Manufacturing and Quality Strategies contain plans for mitigation of products or

components from sole, single, fragile, or foreign sources including options for:

= Domestic alternatives through regeneration of prior capability
= Creation of new capability for manufacturing products and processes
= Lifetime buy of items at the subsystems, and component levels

Manufacturing Strategy incorporates plans for new or high-risk manufacturing capabilities
and processes (ManTech) to be utilized in addressing and mitigating risks, issues, and
opportunities in the EMD phase. (See D.2)

o0 Plans specify demonstration of new manufacturing capability TMRR phase in a relevant
manufacturing environment

0 Plans also specify insertion (how and when) of the new manufacturing capability during
EMD

Manufacturing and quality Industrial Base (IB) capability analyses have been updated and
provided as manufacturing and quality input for the Acquisition Strategy and the RFP and
includes inputs on:

o IB capabilities, fragility, gaps, and risks (e.g., key technologies and key and critical
processes, parts, components, etc.)

o Capability of the IB to design, develop, produce, support, and restart the acquisition
program, if appropriate

o Impacts and interdependencies of this acquisition to the NTIB and the analyses used

= Including how they will be managed
= Including plans for future assessments, including frequency

o0 Government strategy and actions necessary to preserve the IB capabilities (e.g.,
incentivizing the contractor to support IB capability preservation, ManTech/Title IlI
initiatives, etc.)

Manufacturing and quality inputs on a contracting strategy that supports selection of the best
course of action through either a competitive award, a sole source award, or multiple source
development have been provided as input to the Acquisition Strategy including:

0 Manufacturing and quality impacts and risks, issues, and opportunities that may result
from different contract types (FFP, FPIF, CPFF, etc.)

0 Manufacturing and quality metrics that differentiate the value of each contract type to
include performance, capacity, functional, economic, etc.

o Prototyping approach for EMD, either competitive, single, or prototyping of critical
subsystems (statutory requirement for MDAP AS, regulatory requirement for all other
programs)

o Potential production approach for EMD and subsequent phases
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Manufacturing and quality inputs to the EMD source selection approach have been provided
as input to the Acquisition Strategy to establish and maintain access to competitive suppliers
at the system, subsystem, and component level (e.g., requiring a modular open systems
approach, alternative sources of supplies or services, etc.).

Updated manufacturing and quality requirements have been provided as inputs to both the
Acquisition Strategy and the SEP for required technical reviews to be conducted, production
decisions, events, prototypes, and deliveries, including sub-tier subsystem, item, and
components, based on:

o DCMA reports and data

o0 Results of materials availability (lead-time and scale-up) and maturity (characterization)
analyses

o Contractor data on rates and yields for manufacturing and quality

0 Manufacturing and quality process maturity and projections

o0 Reports on utilization of facilities, tooling, and workforce

0 Updated capital equipment requirements

Updated manufacturing and quality inputs and plans have been provided and incorporated in
the IMP/IMS including:

o0 Schedule and plans for use of government-furnished STE, government facilities/ranges,
unique tooling, or other similar requirements (specific M&S, communications, restricted
environment, etc.).

o0 Schedule impacts for special materials and allotments

o Manufacturing and quality internal and external interdependencies and integration with
existing programs, systems, and other programs in development that impact the critical
path

o Inputs on reviews that include the sub-tier level (e.g., PDR, CDR, PRR, etc.),
documentation inputs (e.g., draft CDD, TEMP, AS, SEP, PDR, etc.), production events,
and deliveries

Manufacturing Management and Quality Management Strategies for EMD have been
updated and include: (See 1.1 and L.2)

o Changes in manufacturing and quality requirements

0 Manufacturing and quality resource management (minimizing cost, schedule, and
performance risks for the product life cycle)

0 Changes to manufacturing and quality organization and staffing with KLP and necessary
skilled manpower

o Changes to manufacturing and quality support organization required to meet program
projected needs for EMD and subsequent phases including:

= Earned Value Management requirements
= Cost control requirements
= Data collection, reporting, and management
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DRAFT
3. Technology Maturation and Risk Reduction (TMRR) Phase

Requirements for the EMD contractor’s Manufacturing Management System and Quality
Management System have been updated and provided as inputs for the EMD RFP, SSP, and
award fee criteria.

o Standards have been specified to promote industry best practices (e.g., AS6500, ISO
9000, AS9100, IEEE 15288.0, -.1, -.2, etc.)

o If manufacturing and quality standards are not specified, requirements have been
developed for program specific manufacturing management plan and quality
management plan

0 Manufacturing and quality opportunities, initiatives, and systems have been provided that
contribute to minimizing cost, schedule, and performance risks throughout the product
life cycle

Requirements for identification, analysis, mitigation, tracking, and control of manufacturing
and quality risks, issues, and opportunities that impact performance, technical, cost, schedule,
sustainment, and programmatic areas throughout the life of the program have been updated.

o0 A joint manufacturing and quality comprehensive Risk, Issue, and Opportunity
Management Process has been established that identifies and tracks risks and associated
mitigation plans.

Manufacturing and quality risks, issues, and opportunities, and associated mitigation plans
have been analyzed for adequacy and completeness, and impacts and results documented for
EMD and subsequent phases including:

o Risk of industry being unable to provide program design or manufacturing capabilities at
planned cost and schedule

o0 Materials, facilities, workforce, interdependencies with other programs, manufacturing
technology gaps, quality, software and engineering related risks, issues etc.

o Maturation of critical technologies and manufacturing processes to the appropriate level

0 Manufacturing and quality cost and schedule impacts

Manufacturing and quality exit criteria metrics for TMRR and subsequent phase decision
points have been documented in the PDR checklist for the Milestone Decision process.

0 Metrics include current and projected manufacturing and quality maturity of identified
critical technologies and manufacturing processes

0 Metrics also include the planned MRL targets for system, subsystems, components, and
items

Manufacturing and quality support plan for assessments of manufacturing readiness has been
updated and documents the required support for the mandated independent assessment.
Other agencies’ (e.g., DCMA, DLA) support and inputs on strategies for quality,
manufacturing, production, engineering, software development, configuration management,
testing, and quality have been requested, received, and documented.

Manufacturing and quality provided updates to the SEP and TEMP document the following:
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Manufacturing and quality updates and impacts on all KPPs including the mandatory
KPPs (Force Protection, System Survivability, Sustainment, and Energy)

Planned significant activities on the up-to-date EMD IMP/IMS including manufacturing
assessments, long-lead or advanced procurements, prototype builds, projected lots or
phases, Production Readiness Review, development testing, etc.

Updated inputs to the program Risk, Issue, and Opportunity Management process and
plans including industrial, manufacturing, quality, manufacturing engineering,
manufacturing software and firmware, production risks, issues, and opportunities and
associated reduction and mitigation efforts

Updated manufacturing and quality inputs to the Program Manufacturing Management
Plan addressing embedded software and firmware development and reuse

Updated manufacturing and quality inputs from assessment of the contractor’s
management of and processes for Safeguarding Covered Defense Information and Cyber
Incident Reporting including:

= Compliance with DFARS, PPP, ITAR, etc.

= Management of Controlled Unclassified Information

= Technical approaches to cybersecurity and related manufacturing and quality
security, including suppliers, risks, processes, industrial control systems, resources,
metrics, and design considerations

Updated Program Manufacturing Management Plan that addresses each key area of the
Manufacturing Strategy (in accordance with AS6500) to include:

= Manufacturing Management System

= Design Analysis for Manufacturing

= Manufacturing Risk Identification (including mitigation)
= Manufacturing Planning

= Manufacturing Operations Management

Updated inputs on the manufacturing and quality organization, billets and key
assignments including roles and responsibilities of IPTs (Team Details — Name, Chair,
Membership, Roles, Responsibility, and Authority, Products and Metrics)

Updated manufacturing and quality plans for assessments to be conducted; metrics to be
tracked; progress against goals, thresholds, and objectives; entry and exit criteria for
technical reviews; design considerations; etc.

Updated manufacturing and quality inputs to the configuration managed IMP/IMS
including critical path

Acquisition Strategy Outline

AS6500 Manufacturing Management System Checklist
AS9100 Quality Management System Checklist

CDD Template
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DRAFT
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ISO 9001 Quality Management System Checklist

Manufacturing Readiness Level (MRL) Assessment Checklist

Technology Readiness Level (TRL) Assessment Checklist

Industrial Base Assessment Survey Form DCMA Industrial Analysis Center Integrated
Master Plan/Integrated Master Schedule use MS Project

ManTech Proposal Rating Worksheet

Risk Management Plan Template

Systems Engineering Plan Outline

TEMP Qutline

Resources

Acquisition Strategy Guide (DSMCO0, Dec 1999)

AS6500, Manufacturing Management Program, Nov 2014

MIL-HDBK-896A, Manufacturing and Quality Program, Aug 2016

AS9100 Quality Systems — Requirements for Aviation, Space, and Defense Organizations,
Sep 2016

CDD Writing Guide, Feb 2015

IEEE 15288.1-2014, Application of Systems Engineering on Defense Programs

IEEE 15288.2-2014, Technical Reviews and Audits on Defense Programs

Integrated Master Plan and Integrated Master Schedule Preparation and Users Guide, Oct
2005

ISO 9001:2015, Quality Management System

DFARS 252.204-7012 Safeguarding Covered Defense Information and Cyber Incident
Reporting

MRL Deskbook Version 2016

NIST 800-171, June 2015, Controls for Controlled Unclassified Information

Risk, Issue, and Opportunity Management Guide, Jan 2017

RFP Proposal Evaluation Guide,

Systems Engineering Plan (SEP) Outline, Jun 2015

Test and Evaluation Management Guide, Dec 2012

TRA Deskbook, Apr 2012

DoDI 5000.02, Operation of the Defense Acquisition System, Feb 2017, Enclosure 2, 6.d.
DoDD 4200.15, Manufacturing Technology (ManTech) Program, Dec 2003

DoD 5000.60-H DoD Handbook: Assessing Defense Industrial Capabilities, Apr 1996
subpart 207.106 (S-70) of the Defense Federal Acquisition Regulation Supplement
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Support Preliminary Design Review (PDR)

Manufacturing and Quality Tasks

Ensure all manufacturing and quality system-level requirements, base-lined at the SRR and
the SFR have been correctly decomposed or directly allocated to the appropriate subsystem,
item, or component.

Provide manufacturing and quality system, subsystem, item, and component requirements
and inputs for the verification and validation entry/exit criteria required for the PDR process.
Provide manufacturing and quality support to system (product), subsystem, item, and
component design trades to finalize system requirements and configuration.

Provide a manufacturing and quality assessment of the preliminary system-level design and
margins for producibility and costs within the production budget.

Assess all system (product), subsystem, item, and component physical and functional
interfaces and architecture for manufacturing and quality feasibility and producibility (e.g.,
inspectability, manufacturability, etc.)

0 Include analyses of prototypes

Assess the design for manufacturing and quality constraints and ensure they have been
captured and incorporated into the allocated requirements.

Provide analyses to identify all preliminary key and critical manufacturing and quality
processes and characteristics to show traceability to system-level requirements and technical
performance measures (e.g., KPPs, KSAs, TPMs) through the use of Failure Modes and
Effects Analysis (FMEA) and similar analyses for design (DFMEA) and process (PFMEA).

o Ensure all of the preliminary key and critical manufacturing and quality processes are

defined and traceable to Critical Safety Items (CSl)and/or Critical Application ltems

(CAls)

Identify initial process capability indexes for key and critical manufacturing processes

0 Analyze the contractor’s identified major/critical sub-tier suppliers for their impact on or
responsibility for KCs (and therefore KPPs/KSAS)

o

Assess the preliminary system design for impacts on requirements to manufacturing and
quality design, processes, and procedures, including:

o0 Incomplete specifications of subsystem, items, and components (i.e., TBDs)

o Change to subsystem, items, and components from re-design based on testing
deficiencies or failures

Results and data from building and testing prototypes

Incorporation of Parts, Materials, and Processes allocated requirements
Requirements for computer system Hardware Configuration Items (HWCls)
Analyses of mass properties including growth

MOSA requirements

Tooling design, testing, and schedule (including special tooling and test equipment)

O O 0O O O O
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o

Security physical and cyber (e.g., processes, industrial control systems, anti-tamper
requirements, manufacturing resources and organization, etc.)

Requirements for processes and procedures to control and mitigate EMI

Human Machine Interface requirements

ESOH requirements

System safety requirements

Hazardous materials and environmental controls (e.g., handling, contamination, pollution
control, disposal, etc.)

0 Supportability and maintainability requirements

O OO0 0O

Provide an assessment of requirements for manufacturing and quality data and data storage
including:

0 Analyses and post processing

o0 Availability, integrity, and maintainability
o Communications and processing capacity
0 User integrity

Provide manufacturing and quality analyses of the Software Development Plan for physical
architectures, firmware integration, and physical interfaces that impact manufacturing and
quality processes, procedures, and schedule.

Provide an assessment of long-lead materials and production requirements (e.g., components,
facilities, equipment, etc.).

Provide an updated analysis of manufacturing and quality inputs to the TEMP include the
following:

0 Manufacturing and quality updates and impacts on all KPPs including the mandatory
KPPs (Force Protection, System Survivability, Sustainment, and Energy)

o0 Planned significant activities indicated on the up-to-date EMD program schedule (e.g.,
manufacturing assessments, long-lead or advanced procurements, prototype builds,
projected lots or phases, PRRs, etc.)

0 Updated inputs to the program Risk, Issue, and Opportunity Management System and
plans including industrial, manufacturing and production, quality, engineering, software
(firmware), and risk reduction and/or mitigation efforts

0 Results of prototype builds, demonstrations, and tests and associated data

0 Updated manufacturing and quality inputs from the contractor’s management of defense
information and cyber incident reporting, compliance with DFARS, PPP, ITAR, etc.

0 Updated planning for manufacturing and quality tests and assessments to be conducted,
facilities and test equipment to be used, metrics to be tracked, progress against goals,
thresholds and objectives, etc.

Provide an updated assessment and analysis of the manufacturing and quality processes and
metrics included in the contractor’s SEMP for completeness, adequacy, and alignment with
those processes and metrics included in the program SEP, including:
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o Integration of any lower-level technical reviews and audits such as SFRs, PDRs, CDRs,
PCAs, FCAs, and/or PRRs

o Identified risks and issues to be incorporated into mitigation and/or action plans

o0 Contractor’s plan to CDR

Provide an updated assessment of Program and contractor manufacturing and quality
workforce plans and requirements for adequacy and completeness including:

o Skills, capabilities, training, and certifications
0 Manufacturing and quality human resources (staffing and staffing plans)
o Potential changes to organization and KLPs

Update the Manufacturing and Quality Strategies to include plans for: (See A.1, 1.5, and L.4)

0 Manufacturing maturity and progress against manufacturing and quality goals required
for each technical review (SRRs, PDRs, CDRs, and at other appropriate reviews)

= Definition and characterization of all manufacturing and quality processes

= Manufacturing technology ongoing and future projects (ManTech)

= Rates, yields, quantities, and schedule (including reference to Economic Order
Quantity and the affordability targets)

0 KPPs (i.e., KCs)

o Data management and software (including collection, analysis, testing, and methods of
analysis, storage, retrieval of manufacturing and quality data)

o Continued manufacturing and quality 1B analyses on:

= |IB capabilities, fragility, gaps, and risks (e.g., key technologies and key and critical
processes, parts, components, etc.)

= |IB capabilities to design, develop, produce, support, and restart the acquisition
program, if appropriate

= Impacts and interdependencies of this acquisition program to the NTIB

= Government strategy and actions necessary to preserve the 1B

o Use of priorities, allocations, and allotments, and justification

Meeting IMP/IMS with acceptable risk for schedule and budget

0 Impacts and changes, requiring updates to the program’s Configuration Items (i.e., GFE,
GOTS, etc.) and contractor’s supply chain (including COTS)

o Impacts and changes, requiring updates to Program critical items and Critical Safety
Items

o0 Support of the failure reporting and corrective action system (FRACAS)

0 Updates and changes to the program Variability Reduction Plans

o0 Support and inputs to the Life Cycle Sustainment Plans (LCSP)including Diminishing
Manufacturing Sources Materials Sources (DMSMS), PM&P, and counterfeit parts

0 Human safety and health

o0 Hazardous materials management and pollution prevention

o]
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o Environmental parameters (e.g., shock, vibration, thermal, humidity, electromagnetic

interference/impact, electrostatic discharge, transport, etc.)

Security parameters (physical and cyber) for both hardware and software

Use of COTS, GOTS, and GFE (including diminishing manufacturing sources)

o0 Products or components (known and/or projected) from sole, single, fragile, or foreign
sources including options for:

o O

= Domestic alternatives through regeneration of prior capability
= Creation of new capability for manufacturing products and processes
= Lifetime buy of items at the subsystems, and component levels

Update the plans for a comprehensive joint manufacturing and quality Risk, Issue, and
Opportunity Management Process for EMD that has the capacity to identify, monitor, and
track risks and associated mitigation plans, including plans for:

o Materials, facilities, workforce, interdependencies with other programs, manufacturing
technology gaps, quality, software, and engineering related risks and issues

o Required maturation of critical technologies and manufacturing processes to the
appropriate level

0 Manufacturing and quality cost and schedule impacts

Provide analyses of demonstrations conducted in a production relevant environment to
include verification of:

o

Prototypes (e.g., subsystems, items, and components)
Manufacturing processes with yield and rate data collected
Special Handling procedures

Workforce skills

Prototype tooling

Special test equipment/special inspection equipment (STE/SIE)
Acceptance test procedures

Modeling and Simulations (M&S)

Material maturity

Cost models

KCs

Producibility efforts

Manufacturing technology solutions

O OO0 OO0 O0OO0OO0OO0OO0OOoOOo

Conduct a assessment and an analysis of Program manufacturing maturity against the MRL
criteria.

Metrics

Manufacturing and quality system-level requirements, base-lined at the SRR and the SFR
have been verified to be correctly decomposed or directly allocated to the appropriate
subsystem, item, or component and documented in the appropriate management system and
available as evidence for the PDR.
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1030 o Finalized design trades for manufacturing and quality system requirements and

1031 configurations have completed and documented for the PDR for system (product),

1032 subsystem, item, and component

1033 o All manufacturing and quality constraints have been captured, documented, and

1034 incorporated into the allocated requirements

1035 e Manufacturing and quality system, subsystem, item, and component requirements and inputs
1036 for entry/exit criteria required for PDR have been documented as verified and at a minimum
1037 50 percent have been validated for PDR.

1038 e Manufacturing and quality assessments of the preliminary system-level design and margins
1039 for producibility and costs have been completed and documented for the Program Manager to
1040 be within the preliminary production budget.

1041 e All system (product), subsystem, item, and component physical and functional interfaces and
1042 architecture, including prototypes, for manufacturing and quality feasibility and producibility
1043 (e.g., inspectability, manufacturability, etc.) have been assessed with acceptable risk and no
1044 TBDs remain.

1045 e Analyses, through use of failure mode effects and criticality, have been conducted that

1046 identify all preliminary key and critical manufacturing and quality processes and

1047 characteristics. Traceability to system-level requirements and technical performance

1048 measures has been demonstrated and documented in the requirements tracking system

1049 including:

1050 o All of the preliminary key and critical manufacturing and quality processes are defined
1051 and traceable to Critical Safety Items and/or Critical Application Items

1052 o Initial process capability indexes for key and critical manufacturing processes have been
1053 identified

1054 o Contractor’s identified major/critical sub-tier suppliers have been analyzed for their
1055 impact on or responsibility for KCs (ref. E.5)

1056 e The preliminary system design has been assessed for impacts on requirements for

1057 manufacturing and quality design (e.g., tooling, equipment, facility layouts, etc.), processes,
1058 and procedures, and plans to mitigate and/or resolve have been documented for PDR

1059 including:

1060 0 Completed specifications of subsystem, items, and components with no TBDs

1061 0 Completed re-designs or modifications to subsystem, items, and components based on
1062 testing deficiencies or failures

1063 0 Prototype results and data

1064 o Parts, Materials, and Processes allocations completed

1065 0 Requirements for computer system Hardware Configuration Items (HWCI) defined and
1066 specified

1067 0 Mass properties analyses completed

1068 0 Modular Open Systems Approach defined
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o0 Tooling designs with testing and schedule completed (including special tooling and test
equipment)

Security physical and cyber planning completed (e.g., processes, industrial control
systems, anti-tamper requirements, manufacturing resources and organization, etc.)
Processes and procedures to control and mitigate EMI defined

Human Machine Interface requirements defined

Environmental Safety and Occupational Health requirements defined

System safety requirements and processes defined

Hazardous materials and environmental controls and processes defined and in place (e.g.,
handling, contamination, pollution control, disposal, etc.)

0 Supportability and maintainability requirements defined

o

O O 0O o0 O

Manufacturing and quality data and data storage requirements have been assessed and
defined and are documented in the PDR documentation and integrated into the Program
Management System including:

o Data analyses and post processing

o Data availability, integrity, and maintainability
o Communications and processing capacity

o0 User integrity and control

Manufacturing and quality analyses of the Software Development Plan for physical
architectures, firmware integration, and physical interfaces have been conducted to document
the impact on manufacturing and quality processes, procedures, and schedule for systems
engineering and program management.

[check] An assessment of long-lead materials and production requirements has been
conducted and documents for PDR and in the IMP/IMS ordering requirements, capacity
risks, issues, and opportunities (e.g., materials, facilities, and equipment) with the associated
EMD budget projections.

Manufacturing and quality inputs for the TEMP have been provided and include the
following:

0 Manufacturing and quality updates and impacts on all KPPs including the mandatory
KPPs (Force Protection, System Survivability, Sustainment, and Energy)

o0 Planned significant activities indicated on the up-to-date EMD program schedule (e.g.,
manufacturing assessments, long-lead or advanced procurements, prototype builds,
projected lots or phases, PRRs, etc.)

0 Updated inputs to the program Risk, Issue, and Opportunity Management System and
plans including industrial, manufacturing and production, quality, engineering, software
(firmware), and risk reduction and/or mitigation efforts

0 Results of prototype builds, demonstrations, and tests and associated data

0 Updated manufacturing and quality inputs from the contractor’s management of defense
information and cyber incident reporting, compliance with DFARS, PPP, ITAR, etc.
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0 Updated planning for manufacturing and quality tests and assessments to be conducted,
facilities and test equipment to be used, metrics to be tracked, progress against goals,
thresholds and objectives, etc.

Contractor’s SEMP has been assessed and analyzed for PDR to determine completeness,
adequacy, and alignment with manufacturing and quality processes and metrics documented
in the updated Program SEP and the IMP/IMS. Recommendations provided for any
shortfalls, including:

o Integration of any lower-level technical reviews and audits such as SFRs, PDRs, CDRs,
PCAs, FCAs, and/or PRRs

o ldentified risks, issues, and opportunities incorporated into mitigation and/or action plans

o0 Contractor’s detailed plan to CDR

Updated assessment of Program and contractor manufacturing and quality workforce plans
and requirements for adequacy and completeness has been completed and documents for
PDR the required:

o Skills, capabilities, training, and certifications
0 Manufacturing and quality human resources (staffing and staffing plans)
0 Changes to organization and KLPs

Manufacturing and Quality Strategies for EMD have been updated for PDR and include plans
for: (See A.1, 1.5, and L.4)

0 Manufacturing maturity and progress against manufacturing and quality goals required
for each technical review (CDRs, PRR, and at other appropriate reviews)

= All manufacturing and quality processes
= Ongoing and future manufacturing technology projects (ManTech)
» Rates, yields, quantities, and schedule (including EOQ and affordability)

o0 Managing and achieving KPPs (i.e., KCs)

o Data management and software (including collection, analysis, testing, and methods of
analysis, storage, retrieval of manufacturing and quality data)

o Continued manufacturing and quality IB analyses on:

= IB capabilities, fragility, gaps, and risks (e.g., key technologies and key and critical
processes, parts, components, etc.)

= |IB capabilities to design, develop, produce, support, and restart the acquisition
program, if appropriate

= Impacts and interdependencies of this acquisition program to the NTIB

= Government strategy and actions necessary to preserve the 1B

0 Use of priorities, allocations, and allotments, and justification

Meeting IMP/IMS (critical path) with acceptable risks

o0 Impacts, changes, and updates to the program’s Cls (i.e., GFE, GOTSs, etc.) and
contractor’s supply chain (including COTSs)

o
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0 Impacts, changes, and updates to Program critical items and CSIs

o0 Support of the FRACAS

0 Changes and support to the program Variability Reduction Plans

0 Inputs and support to the LCSPs including DMSMS, PM&P, and counterfeit parts

0 Human safety and health

0 Hazardous materials management and pollution prevention

0 Mitigation of environmental parameters (e.g., shock, vibration, thermal, humidity,
electromagnetic interference/impact, electrostatic discharge, transport, etc.)

0 Security parameters (physical and cyber) for both hardware and software

0 Useof COTS, GOTS, and GFE (including diminishing manufacturing sources)

o Products or components from sole, single, fragile, or foreign sources including options
for:

= Domestic alternatives
= Creation of new capability
= Lifetime buys

The comprehensive joint manufacturing and quality Risk, Issue, and Opportunity
Management Process for EMD has been updated and documents the capacity to identify,
monitor, and track risks, issues, and opportunities, and associated plans.

Demonstrations have been conducted in a production relevant environment to verify and
document manufacturing and quality maturity for PDR, and provide status of:

Prototypes (e.g., subsystems, items, and components)
Manufacturing processes with yield and rate data collected
Special Handling procedures

Workforce skills

Prototype tooling

STE/SIE

Acceptance test procedures

Modeling and Simulations (M&S)

Material maturity

Cost models

KCs

Producibility efforts

Manufacturing technology solutions

O OO0 O0OO0OO0OO0OO0OO0OO0OOo0OOoOoOo

MRL assessment has been conducted and an analysis of Program manufacturing maturity
provided for PDR and as support to the independent program assessment.

Preliminary Design Review Checklist
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1183 Resources

1184 e AS6500, Manufacturing Management Program, Nov 2014

1185 o0 Defense Manufacturing Management Guide for Program Managers, Chapter 12 —
1186 Technical Reviews and Audits

1187 e DoDI 5000.02DoDI 5000.02, Operation of the Defense Acquisition System, Feb 2017, Jan
1188 2017

1189 o |EEE 15288.1-2014, Application of Systems Engineering on Defense Programs

1190 o |EEE 15288.2-2014, Technical Reviews and Audits on Defense Programs

1191 0 MIL-STD-1521B, Jun 1985 (retired)

1192 e MRL Deskbook Version 2016

1193 o0 Preliminary Design Review (PDR) Procedure, Oct 2016

1194 e NDAAFY 2017 (Public Law 114-328)

1195 e SAE J1739, Potential Failure Mode and Effects Analysis in Design (Design FMEA),
1196 Potential Failure Mode and Effects Analysis in Manufacturing and Assembly Processes
1197 (Process FMEA), Jan 2009

1198 A.4  Support Program Decision Reviews

1199  Manufacturing and Quality Tasks

1200 e Provide manufacturing and quality inputs and updates, for both the RFP Development
1201 Release Decision and the Milestone B Decision following post-PDR assessment results, the
1202 following statutory and regulatory program required updates to:

1203 0 The Acquisition Strategy

1204 = Acquisition Approach

1205 = Business Strategy

1206 = Contracting Strategy (type and termination liability)

1207 = Cooperative Opportunities (if necessary)

1208 = General Equipment Valuation

1209 = [Industrial Base Considerations

1210 = Intellectual Property Considerations

1211 = Market Research (for RFP DRD)

1212 = Modular Open Systems Approach

1213 = Multiyear Procurement

1214 = Risk, Issue, and Opportunity Management Process

1215 = Small Business Innovation Research/Small Business Technology Transfer (for RFP
1216 RDP)

1217 0 Acquisition Program Baseline

1218 o Affordability Analysis
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Analysis of Alternatives
Bandwidth Requirements Review
Capability Development Document

Exit Criteria

Item Unique Identification Implementation Plan
Life Cycle Sustainment Plan (LCSP)
Low-Rate Initial Production (LRIP) Quantity
PESHE and NEPA Compliance Schedule
Program Protection Plan (PPP)

Request for Proposal (RFP)

Should Cost Target

Spectrum Supportability Risk Assessment
Systems Engineering Plan (SEP)
Technology Readiness Assessment (TRA)
Test and Evaluation Master Plan (TEMP)

O OO0 00O 0O0O0OO0OO0OO0OO0OO0OO0OO0o0OOo

Provide PDR documentation of conducted demonstrations in a production relevant
environment of manufacturing and quality maturity (including risks and mitigation) with
status of:

Prototypes (e.g., subsystems, items, and components)
Manufacturing processes with yield and rate data collected
Special Handling procedures

Workforce skills

Prototype tooling

Special Test Equipment/Special Inspection Equipment (STE/SIE)
Acceptance test procedures

Modeling and Simulations (M&S)

Material maturity

Cost models

KCs

Producibility efforts

Manufacturing technology solutions

O OO0 0O O0OO0OO0OO0OO0OO0OOo0OOoOOo

Provide results of a MRL assessment and analyses that was conducted for PDR.

Metrics

Manufacturing and quality inputs and updates, for both the RFP Development Release

Decision and the Milestone B Decision following post-PDR assessment results, have been

documented and provided for the following statutory and regulatory program required
updates to:

0 The Acquisition Strategy
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= Acquisition Approach

= Business Strategy

= Contracting Strategy (type and termination liability)

= Cooperative Opportunities (if necessary)

= General Equipment Valuation

= Industrial Base Considerations

= Intellectual Property Considerations

= Market Research (for RFP RDP)

= Modular Open Systems Approach

=  Multiyear Procurement

» Risk, Issue, and Opportunity Management Process

= Small Business Innovation Research/Small Business Technology Transfer (for RFP
RDP)

Acquisition Program Baseline

Affordability Analysis

Analysis of Alternatives

Bandwidth Requirements Review

Capability Development Document

Cost Analysis Requirements Description (CARD), RFP Release Cost Assessment, etc.
Exit Criteria

Item Unique Identification Implementation Plan
Life Cycle Sustainment Plan (LCSP)

Low-Rate Initial Production (LRIP) Quantity
PESHE and NEPA Compliance Schedule
Program Protection Plan (PPP)

Request for Proposal (RFP)

Should Cost Target

Spectrum Supportability Risk Assessment
Systems Engineering Plan (SEP)

Technology Readiness Assessment (TRA)

Test and Evaluation Master Plan (TEMP)

Documentation of conducted demonstrations for PDR of manufacturing and quality maturity
(including risks and mitigation) in a production relevant environment has been provided with
status of:

O OO0 O0OO0OoOo

Prototypes (e.g., subsystems, items, and components)
Manufacturing processes with yield and rate data collected
Special Handling procedures

Workforce skills

Prototype tooling

STE/SIE

Acceptance test procedures
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Modeling and Simulations (M&S)
Material maturity

Cost models

KCs

Producibility efforts

Manufacturing technology solutions

O O O O O O

Results of a MRL assessment and analyses that was conducted for PDR have been provided
as input to program management.

Market Research using Pugh Template

CARD use Cost and Lead Time Worksheet

Life Cycle Sustainment Plan

Technology Readiness Assessment (TRA)
Manufacturing Readiness Level (MRL) Assessment
Test and Evaluation Master Plan

Integrated Master Plan/Schedule

Resources

Affordability Analysis Tools, May 2015

Life Cycle Sustainment Plan, see Product Support Manager Guide, Feb 2017
DoD Market Research Guide, May 2012

MRL Deskbook Version 2016

TRA Deskbook, Apr 2012

Test and Evaluation Management Guide, Dec 2012

DoDI 5000.02, Operation of the Defense Acquisition System, Feb 2017

IEEE 15288.1-2014, Application of Systems Engineering on Defense Programs
IEEE 15288.2-2014, Technical Reviews and Audits on Defense Programs

B. DEFENSE CONTRACTING SYSTEM

The contracting process is a partnership between the contracting office and program personnel.
Contracting molds and shapes the procurement process and is ultimately responsible for contract
award and administration. However, a cohesive effort between the contracts and program
management including the participation of both contractual and technical subject matter experts is
essential to managing and completing the steps in this phase of the contracting process.
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P A RFP
i N AS ‘alidation’ RDP B

SEP

TEMP
Draft SRR SER
DD DD

B.1 Provide
Input to RFP

B.2 Provide
Inputs to 58P

B.3 Develop Award)|
Fee Criteria

B.4 Develop Nfg.
Incentives Criteria

B.5 Update RFP

B. Defense
Post-PDR

Contracting System

The RFP is the primary opportunity to make inputs to the EMD contract and should be based on
manufacturing and quality risks, issues, and opportunities discovered during TMRR. Typical areas to
be included in the proposal include industry best practices for manufacturing management, quality
management, and systems engineering. Other areas such as design and producibility, trade studies,
manufacturing and quality technology investments, competition, materials (availability, counterfeit,
and/or long-lead), data management, quality processes (capability studies), manufacturing and
quality reporting and control, etc. should be addressed by manufacturing and quality. This list and
other details should be addressed in the Statement of Work (SOW) and/or the Statement of
Obijectives (SOO0).

As part of implementing industry best practices and meeting regulatory requirements, certain
manufacturing and quality requirements need to be incorporated in the EMD RFP. For example,
when the system under development meets the definitions in Federal Acquisition Regulation (FAR)
46.203 (Criteria for Use of Contract Quality Requirements, for Complexity and/or Criticality), FAR
46.202-4 requires supplier compliance with higher-level quality standards that should be addressed in
the RFP. This may also require on-site government Quality Assurance personnel to perform source
inspections.

Other Program requirements, often neglected during the contracting process, for manufacturing and
quality input include:

e Direction for use of COTS items, GOTS items and NDIs.

e Determination of need to develop and maintain a FMECA

e Determination of intellectual property and data rights, maintenance, ownership and access for
later phases.

e Direction for incorporation of manufacturing safety into System Safety Analyses.

e Determination of specialized system requirements, such as Flight Operations, Space
Operations, etc.

e Determination of appropriate manufacturing and quality physical and cybersecurity
requirements (e.g., data, information, control systems and networks, supply chain, etc.)

e Direction for inclusion of DCMA in an appropriate role to support the program

Manufacturing and quality personnel should be making early and significant inputs into EMD RFP
documents and activities to ensure manufacturing and quality risks, issues, and opportunities will be
considered. Having determined and provided the early and significant requirements for EMD, the
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manufacturing and quality objective for the source selection plan is to develop criteria that ensure
selection of the proposal that represents the best value to the government. The criteria for source
selection should be realistic and address all of the above areas, especially industry best practices.

Award Fees can provide increased interaction of program and contractor manufacturing and quality
management and provide the program with increased visibility into the contractor’s best practices for
manufacturing, quality, and supply chain processes and procedures. Award fees in the contract
should be based on contractor performance to industry manufacturing and quality best practices and
reward specific accomplishments such as:

e Producibility improvements

e Materials characterization in production relevant environment

e Manufacturing cost reduction efforts

e Manufacturing maturation plan risks burned down

e Variation and variability reduction

e Manufacturing process definition and characterization

e Progress in achieving the targeted Manufacturing Readiness Level

e Progress in maturation and demonstration of KCs (i.e., meeting KPPs/KSAS)
e Progress in achieving specific yield and rate goals

e Progress in meeting the EMD exit criteria

Incentives in the contract should be consistent with the AS and tied to goals for exceeding contract
requirements and program expectations. Manufacturing and quality incentives in contracts are
designed to obtain specific manufacturing and quality objectives by establishing reasonable and
attainable criteria that can meet the goals or targets. These criteria must be clearly communicated to
the contractor; and include appropriate incentive arrangements that will motivate contractor efforts
that might not otherwise be emphasized and discourage contractor inefficiency and waste.

Important manufacturing and quality management goals and expectations to be exceeded in contract
incentives include:

o Cost (e.g., cost reductions, should costs, life cycle costs)

Schedule (e.g., expedited development or delivery, early delivery, on-time delivery, etc.)
Technical (e.g., quality, reliability, maintainability, product improvement, etc.)
Management commitment

Producibility processes

Risk, Issue, and Opportunity Management processes

Commercial best practices

O O 0O O 0O

The success of an enterprise's manufacturing and quality system is directly related to the commitment
of the enterprise to the quality and producibility elements presented in the contract and the ability of
the successful contractor to implement them effectively.
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The learning curve (cost improvement curve, or experience curve) is a well-known approach to
modeling many effects, such as the effect of quantity on cost. Generally, people and organizations
learn to do things more efficiently when performing repetitive tasks. Learning curves are used as a
measurement of progress in processes and procedures. Learning curves show that as the number of
units produced doubles, the unit cost decreases in a predictable pattern. This technique continues as
an industry standard today both in commercial and government applications. Manufacturing and
quality should be developing the appropriate learning curves for the system and the plans for data
collection to support further development.

Prior to the RFP RDP, but post manufacturing and quality analyses of the PDR, the manufacturing
and quality inputs provided to the RFP should be reviewed to include:

B.1

Overall affordability

Comepetition strategy and incentive structure
Provisions for small business utilization
Source selection criteria

Manufacturing and quality trades
Capability requirements

Security requirements

Should Cost goals

Risk, issue, and opportunity management
Manufacturing and quality schedule

Provide Input to EMD Request for Proposal (RFP)

Manufacturing and Quality Tasks

Ensure that manufacturing and quality personnel are included in the EMD Request for
Proposals (RFP) writing and review teams.

Specify the requirements for best practices for the contractor’s Manufacturing Management
System (MMS) (per Section L.2) and Quality Management System (QMS) (per Section I.1
and per FAR 52.246-11, Higher-Level Contract Quality Requirement) to be used (e.g.,
AS6500, 1SO 9000, AS9100, etc.).

o Specify the requirements for the contractors to identify and to describe their proposed
specific processes, methods, and actions to address manufacturing feasibility,
producibility, and manufacturing and quality risks associated with the proposed system

o Specify a requirement for on-site government Quality Assurance personnel will have
access to perform management system audits

o Specify a requirement for on-site government Quality Assurance personnel to have
access to perform source inspections and data monitoring
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e |f AS6500 is not invoked in the contract(s), the manufacturing management requirements
cited in AS6500 should be the basis for specific contractual requirements for a contractor
plan. The requirements, at a minimum, should specify that the contractor addresses:

(0}

Manufacturing Management System:

= Documenting how, when, and by whom each requirement of their system is to be
accomplished, and define the authority and responsibility for each.

Design Analysis for Manufacturing:

= Conducting producibility analyses

= Identifying and managing key and critical characteristics in the Technical Data
Package (TDP)

= |mplementing Variability Reduction (VR) to reduce part to part variation of key and
critical characteristics

= ldentifying and managing key and critical manufacturing processes

= Conducting FMEA on critical manufacturing processes (PFMEA)

Manufacturing Risk Identification:

= Integrating manufacturing risk management activities into the program risk, issue,
and opportunity management process to include the identification of manufacturing
risk areas and the development and implementation of risk mitigation plans tracked to
completion

= Conducting and documenting manufacturing feasibility assessments for a competing
design alternative

= Identifying MRL targets and documenting manufacturing risks through the MRL
assessments

Manufacturing Planning:

= Establishing and maintaining a manufacturing plan that includes supply chain and
material management, manufacturing technology development, manufacturing
modeling and simulation, manufacturing costs, manufacturing system verification,
manufacturing workforce, and tooling, test equipment, and facilities.

Manufacturing Operations Management including:

= Production Scheduling and Control

» Manufacturing Surveillance

= Continuous Improvement

= Process Control Plans

» Process Capabilities

= Production Process Verification

= First Article Inspections and First Article Tests
= Supplier Management and Quality
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If ISO 9000 or AS9100 is not invoked in the contract(s), the quality management
requirements cited in the standards should be the basis for specific contractual requirements
for a contractor plan. The requirements, at a minimum, should specify that the contractor
addresses:

(0]

Quality Management Leadership

= Leadership and Commitment
= Policy
= Organizational Roles, Responsibilities, and Authorities

Quality Planning

= Actions to Address Risks and Opportunities
= Quality Objectives and Planning
= Planning of Changes

Quality Support

= Resources

= Competence

= Awareness

= Communication

= Documented Information

Operation

= Operational Planning and Control

= Requirements for Products and Services

= Design and Development of Products and Services

= Control of Externally Provided Processes, Products, and Services
= Production and Service Provision

= Release of Products and Services

= Control of Non-conforming Outputs

Quality Performance

= Monitoring, Measurement, Analyses, and Evaluation
= Internal Audit

Quality Improvement

= Nonconformity and Corrective Actions
= Continual Improvement

As a basis for RFP EMD requirements and inputs, analyze the TMRR manufacturing and
quality output from:

(6]
(0]
(0]

Risk, Issue, and Opportunity Management System and processes
Design producibility, feasibility, and manufacturability studies and analyses
Tooling, facility, and workforce analyses
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Prototype demonstrations and development tests
Materials analyses

Make/buy processes and analyses

Costs and budget analyses

Market research and analyses

Modeling and simulations analyses

Process Capability Studies

Environmental studies and risks (PESHE)
Manufacturing and quality processes and data
Work measurement/learning curve analyses
Industrial Base studies

O OO0 O0OO0OO0OO0OO0OO0OOoOOo

Specify appropriate requirements for manufacturing and quality Contract data Requirements
List (CDRL), Data Item Description (DID), etc. to support manufacturing and quality
processes, include the requisite approval processes (e.g., Manufacturing Plan, Quality
Assurance Plan, Producibility Plan, etc.)

o Specify a requirement for on-site government Quality Assurance personnel will have
access to perform source inspection of the plan (include on-site government Quality
Assurance personnel in contractual distribution of the program Quality Plan (ref. 1.1))

Specify industry manufacturing and quality best practices for Systems Engineering to be used
(e.g., IEEE 15288, -1, -2, etc.) in the EMD RFP.

o Include requirements for the contractors to identify and to describe their proposed
processes, methods, and actions to address technical processes, technical management
processes, and essential specialty engineering

Specify contractual manufacturing and quality requirements for:

o Content for SOW, SOO, and contract sections C, L, M, and H

o0 Conducting manufacturing and quality reviews of engineering and software (with
frequency of reviews)

o Intellectual property and government technical/manufacturing data rights, maintenance,
ownership, and access

o0 Identification and description of producibility efforts including cost sharing and incentive
plans relevant to the solution

o Plans for facilities, tooling, test equipment, workforce (e.g., training, certifications, etc.),
and supply chain management

o Plans for material availability including make/buy, long-lead, sources and risks (sole,
single, foreign, fragile, and critical)

o Utilizing analyses of failure mode effects and criticality (e.g., FMECA, DFMEA,
PFMEA) from the system level down to the component level (i.e., throughout the supply
chain)

o Definition and traceability of CSI and/or CAls to all preliminary key and critical
manufacturing and quality processes
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Conducting analyses of manufacturing system safety (in support of System Safety
Assessments in accordance with MIL-STD-882)

Providing manufacturing and quality information for costs, cost models, and cost
estimates that include rate, alternate materials, quantity, etc. (including Cost of Quality
data)

Plans for establishing and meeting EMD required process capability (Cpk) goals
Identification and description of manufacturing technology capability improvements
Encouraging investments in advanced manufacturing technology production equipment
and processes from U.S. domestic sources that increase the productivity and reduce life
cycle costs

Implementing (or continuing) a joint risk, issue, and opportunity management and
mitigation program that includes manufacturing and quality (including industrial base
risks)

Implementing (or continuing) a manufacturing and quality variability reduction program
Appropriate cyber threat protection measures including

= Safeguarding manufacturing and quality information, designed in systems protection,
supply chain risks, hardware and software manufacturing network assurance
(including suppliers), anti-counterfeit practices, anti-tamper (AT), and security-
related activities such as physical security and industrial security

= Compliance with DFARS 252.204-7012 Safeguarding Covered Defense Information
and Cyber Incident Reporting

= Periodic assessments to understand the risks to organizational operations,
organizational assets, and individuals, resulting from the operation and the associated
processing, storage, or transmission of Controlled Unclassified Information (CUI) by
manufacturing information systems.

= Compliance with NIST 800-82 Guide to Industrial Control Systems Security

Managing materials and subcontractors including requirements for compliance with
either DFARS 252.246-7007, Contractor Counterfeit Electronic Part Detection and
Avoidance System, or DFARS 252.246-7008, Sources of Electronic Parts

Utilizing COTS, GOTS, GFE, and NDIs

Metrics to be met as exit criteria for EMD phase

Provide manufacturing and quality inputs and support to specialized system requirements,
such as Flight Operations, Space Operations, etc.

Specify the requirement that the contractor support and/or conduct as required manufacturing
and quality:

(0]

(0}
0}

Technical reviews and audits including CDR, TRR, PRR, Physical Configuration Audit
(PCA), Functional Configuration Audit (FCA), etc.

MRL assessments with trained personnel utilizing the MRL criteria

Independent risk assessments to include the identification of any critical technologies or
manufacturing processes that have not been successfully demonstrated in a relevant
environment
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o Performance meetings to discuss quality, manufacturing, production, supply chain,
engineering, software deficiencies and issues, proposed corrective actions, and status of
ongoing actions

o Joint risk, issue, and opportunity management meetings to manage mitigation activities

Metrics

Appropriate requirements for best practices for the contractor’s MMS (Section L.2) and QMS
(Section 1.1) (e.g., AS6500, 1ISO 9000, AS9100, etc.) have been incorporated in the EMD

RFP.

o0 Requirements specify that the contractors identify and describe their proposed specific
processes, methods, and actions to address manufacturing feasibility, producibility, and
manufacturing and quality risks associated with the proposed system

0 Requirement specify that on-site government Quality Assurance personnel will have
access to perform management system audits and access to perform source inspections
and data monitoring

If AS6500 is not invoked in the contract(s), the manufacturing management requirements
cited in AS6500 are the basis for specific contractual requirements. The requirements, at a
minimum, should specify that the contractor addresses and documents plans, procedures, and
processes for:

0 Manufacturing Management System:

Documenting how, when, and by whom each requirement of their system is to be
accomplished, and define the authority and responsibility for each.

o Design Analysis for Manufacturing:

Conducting producibility analyses

Identifying and managing key and critical characteristics in the Technical Data
Package (TDP)

Implementing Variability Reduction (VR) to reduce part to part variation of key and
critical characteristics

Identifying and managing key and critical manufacturing processes

Conducting FMEA on critical manufacturing processes (PFMEA)

0 Manufacturing Risk Identification:

Integrating manufacturing risk management activities into the program risk, issue,
and opportunity management process to include the identification of manufacturing
risk areas and the development and implementation of risk mitigation plans tracked to
completion

Conducting and documenting manufacturing feasibility assessments for a competing
design alternative

Identifying MRL targets and documenting manufacturing risks through the MRL
assessments
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DRAFT
3. Technology Maturation and Risk Reduction (TMRR) Phase

Manufacturing Planning:

Establishing and maintaining a manufacturing plan that includes supply chain and
material management, manufacturing technology development, manufacturing
modeling and simulation, manufacturing costs, manufacturing system verification,
manufacturing workforce, and tooling, test equipment, and facilities.

Manufacturing Operations Management including:

Production Scheduling and Control
Manufacturing Surveillance

Continuous Improvement

Process Control Plans

Process Capabilities

Production Process Verification

First Article Inspections and First Article Tests
Supplier Management and Quality

If ISO 9000, AS9100, or other quality best practices standards are not invoked in the
contract(s), the quality management requirements cited in the standards are the basis for
specific contractual requirements. The requirements, at a minimum, should specify that the
contractor addresses and documents plans, procedures, and processes for:

(0]

Quality Management Leadership

Leadership and Commitment
Policy
Organizational Roles, Responsibilities, and Authorities

Quality Planning

Actions to Address Risks and Opportunities
Quality Objectives and Planning
Planning of Changes

Quality Support

Resources

Competence

Awareness
Communication
Documented Information

Operation

Operational Planning and Control

Requirements for Products and Services

Design and Development of Products and Services

Control of Externally Provided Processes, Products, and Services
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DRAFT
3. Technology Maturation and Risk Reduction (TMRR) Phase

= Production and Service Provision
= Release of Products and Services
= Control of Non-conforming Outputs

0 Quality Performance

= Monitoring, Measurement, Analyses, and Evaluation
= Internal Audit

0 Quality Improvement

= Nonconformity and Corrective Actions
= Continual Improvement

Manufacturing and quality EMD RFP requirements and inputs have been provided to the
proposal team based on TMRR analyses and outputs from:

Risk, Issue, and Opportunity Management System and processes
Design producibility, feasibility, and manufacturability studies and analyses
Tooling, facility, and workforce analyses

Prototype demonstrations and development tests

Materials analyses

Make/buy processes and analyses

Costs and budget analyses

Market research and analyses

Modeling and simulations analyses

Process Capability Studies

Environmental studies and risks (PESHE)

Manufacturing and quality processes and data

Work measurement/learning curve analyses

Industrial Base studies

O OO0 O0OO0OO0OO0OO0OOoOO0OOoOOoOOoOOo

Appropriate manufacturing and quality requirements for CDRLs, DIDs, etc. (e.g.,
Manufacturing Plan, Quality Assurance Plan, Producibility Plan, etc.) to support
manufacturing and quality processes, including the corrective action and approval processes
have been incorporated in the EMD RFP.

0 Requirements include access for on-site government Quality Assurance personnel to
perform source inspection of the plan (ref. 1.1)

Manufacturing and quality best practices for Systems Engineering have been specified in the
EMD RFP (e.g., IEEE 15288, -1, -2, etc.).

o0 Requirements specify that the contractors identify and describe their proposed processes,
methods, and actions to address technical processes, technical management processes,
and essential specialty engineering

Contractual requirements for manufacturing and quality have been specified in EMD RFP to
include:
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1703
1704
1705
1706
1707
1708
1709
1710
1711
1712
1713
1714
1715
1716
1717
1718
1719
1720
1721
1722
1723
1724
1725
1726
1727
1728
1729
1730
1731

1732
1733
1734
1735
1736
1737
1738
1739
1740
1741
1742

o

DRAFT
3. Technology Maturation and Risk Reduction (TMRR) Phase

Content for SOW, SOO, and contract sections C, L, M, and H

Conducting manufacturing and quality reviews of engineering and software (with
frequency of reviews)

Intellectual property and government technical/manufacturing data rights, maintenance,
ownership, and access

Identification and description of producibility efforts including cost sharing and incentive
plans relevant to the solution

Plans for facilities, tooling, test equipment, workforce (e.g., training, certifications, etc.),
and supply chain management

Plans for material availability including make/buy, long-lead, sources and risks (sole,
single, foreign, fragile, and critical)

Utilizing analyses of failure mode effects and criticality (e.g., FMECA, DFMEA,
PFMEA) from the system level down to the component level (i.e., throughout the supply
chain)

Definition and traceability of CSls and/or CAls to all preliminary key and critical
manufacturing and quality processes

Conducting analyses of manufacturing system safety (in support of System Safety
Assessments in accordance with MIL-STD-882)

Manufacturing and quality data for costs, cost models, and cost estimates that include
rate, alternate materials, quantity, etc. (including Cost of Quality data)

Plans to meet required process capability (Cpk) EMD goals

Identification and description of manufacturing technology capability improvements
Investments in advanced manufacturing technology production equipment and processes
from U.S. domestic sources that increase the productivity and reduce life cycle costs
Implementation of (or continuing) a joint risk, issue, and opportunity management and
mitigation program that includes manufacturing and quality (including industrial base
risks)

Implementation of (or continuing) a manufacturing and quality variability reduction
program

Cyber threat protection measures including:

= Safeguarding manufacturing and quality information, designed in systems protection,
supply chain risks, hardware and software manufacturing network assurance
(including suppliers), anti-counterfeit practices, anti-tamper , and security-related
activities such as physical security and industrial security

= Compliance with DFARS 252.204-7012 Safeguarding Covered Defense Information
and Cyber Incident Reporting

= Periodic assessments to understand the risks to organizational operations,
organizational assets, and individuals, resulting from the operation and the associated
processing, storage, or transmission of Controlled Unclassified Information by
manufacturing information systems.

= Compliance with NIST 800-82 Guide to Industrial Control Systems Security
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Tools

DRAFT
3. Technology Maturation and Risk Reduction (TMRR) Phase

0 Management of materials and subcontractors including requirements for compliance with
either DFARS 252.246-7007, Contractor Counterfeit Electronic Part Detection and
Avoidance System, or DFARS 252.246-7008, Sources of Electronic Parts

o0 Utilization of COTS, GOTS, GFE, and NDIs

0 Metrics to be met as exit criteria for EMD phase

Manufacturing and quality inputs and metrics have been provided for the EMD RFP to
support specialized system requirements, such as Flight Operations, Space Operations, etc.
Requirements have been specified in the EMD RFP that the contractor support and/or
conduct, as required, manufacturing and quality:

o0 Technical reviews and audits including CDR, TRR, PRR, PCA, FCA etc.

0 MRL assessments with trained personnel utilizing the MRL criteria

o0 Independent risk assessments to include the identification of any critical technologies or
manufacturing processes that have not been successfully demonstrated in a relevant
environment

o0 Performance meetings to discuss quality, manufacturing, production, supply chain,
engineering, software deficiencies and issues, proposed corrective actions, and status of
ongoing actions

o Joint risk, issue, and opportunity management meetings to manage mitigation activities

AS6500, Manufacturing Management System Checklist

AS9100, Quality Management System Checklist, Sep 2016

ISO 9001, Quality Management System Checklist, Sep 2016

IEEE 15288.1-2014, Application of Systems Engineering on Defense Programs
IEEE 15288.2-2014, Technical Reviews and Audits on Defense Programs
1G5315.204-5(b) Section L Guide and Template

1G5315.204-5(c) Section M Guide and Template

Resources

AS6500, Manufacturing Management Program, Nov 2014

AS9100, Quality Management Systems - Requirements for Aviation, Space, and Defense
Organizations, Sep 2016

I1ISO 9001:2015, Quality Management System

IEEE 15288.1-2014, Application of Systems Engineering on Defense Programs

IEEE 15288.2-2014, Technical Reviews and Audits on Defense Programs

DFARS 246.870, Contractors’ Counterfeit Electronic Part Detection and Avoidance
DFARS 252.228-7001, Ground and Flight Risk

DFARS 252.246-7007, Contractor Counterfeit Electronic Part Detection and Avoidance
System

DFARS 252.246-7008, Sources of Electronic Parts
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DRAFT
3. Technology Maturation and Risk Reduction (TMRR) Phase

DFARS 252.204-7012, Safeguarding Covered Defense Information and Cyber Incident
Reporting

DoDI 5000.02, Operation of the Defense Acquisition System, Feb 2017, Enclosure 14
1G5315.204-5(b) Section L Guide

1G5315.204-5(c) Section M Guide

MIL-STD-882, Rev. E, System Safety, May 2012

MIL-HDBK-896A, Manufacturing Management Program Guide, Aug 2016

NIST 800-82 Guide to Industrial Control Systems Security

NIST 800-171, Protecting Controlled Unclassified Information in Nonfederal Information
Systems and Organizations

Provide Input to EMD Source Selection Plan (SSP)

Manufacturing and Quality Tasks

Ensure that manufacturing and quality personnel are included in the EMD Source Selection
Plan (SSP) writing and review team.

Specify in the SSP metrics and scoring for application of manufacturing and quality industry
best practices for the contractor’s Manufacturing Management System and Quality
Management System (e.g., AS6500, ISO 9000, AS9100, etc.).

(0]

Plan should include metrics and scoring for preferred specific processes, methods, and
actions to address manufacturing feasibility, producibility, and manufacturing and quality
risks associated with the proposed system

Plan should include metrics and scoring for accommodation of on-site government
Quality Assurance personnel to complete required management and quality audits and
data collection

If manufacturing management industry best practice requirements (i.e., AS6500) are not
invoked in the contract(s), the requirements cited in AS6500 should be the basis for specific
SSP metrics and scoring. Specify metrics that, at a minimum, include the contractor plans,
processes, and procedures for:

(0}

O OO0 O 0O

Documenting how, when, and by whom each requirement of their manufacturing
management system is to be accomplished, and defining the authority and responsibility
for each.

Conducting producibility design analyses

Identification and management of key and critical characteristics in the TDP
Implementation of VR to reduce part to part variation of key and critical characteristics
Identification and management of key and critical manufacturing processes

Conducting Process FMEA on critical manufacturing processes

Integration of manufacturing risk management activities into the program risk, issue, and
opportunity management process to include the identification of manufacturing risk areas
and the development and implementation of risk mitigation plans tracked to completion
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(0}

DRAFT
3. Technology Maturation and Risk Reduction (TMRR) Phase

Conducting and documenting manufacturing feasibility assessments for any competing
design alternative

Identification of MRL targets and documenting manufacturing risks through the MRL
assessments

Establishing and maintaining a manufacturing plan that includes supply chain and
material management, manufacturing technology development, manufacturing modeling
and simulation, manufacturing costs, manufacturing system verification, manufacturing
workforce, and tooling, test equipment, and facilities

Production Scheduling and Control

Manufacturing Surveillance

Continuous Improvement

Process Control Plans

Process Capabilities

Production Process Verification

First Article Inspections and First Article Tests

Supplier Management and Quality

If ISO 9000 or AS9100 quality management industry best practices are not invoked in the
contract(s), the requirements cited in the standards should be the basis for specific SSP
metrics and scoring. Specify metrics that, at a minimum, include the contractor plans,
processes, and procedures for:

(0]

(0}

O OO0 0O @]

o

Quality management leadership, commitment, policy, organizational roles,
responsibilities, and authorities

Quality planning with actions to address risks and opportunities, quality objectives and
planning, and change management

Quality support with resources, competence, awareness, communication, and documented
information

Operation including operational planning and control, products and services
requirements, and design and development

Control of externally provided processes, products, and services

Production and service provision

Release of products and services

Control of non-conforming outputs

Quality performance including monitoring, measurement, analyses, evaluation, and
internal audits

Quality improvement including nonconformities and corrective actions, and continual
improvement

Utilizing analyses of TMRR manufacturing and quality outputs, specify metrics and scoring
that at a minimum address the contractor(s) plans, processes, and procedures for:

(0]
(0]
(0]

Risk, issue, and opportunity management
Design producibility, feasibility, and manufacturability
Tooling, facility, and workforce
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3. Technology Maturation and Risk Reduction (TMRR) Phase

Prototype demonstrations and development tests
Materials management

Make/buy management

Costs and budgets

Modeling and simulations

Process capability management

Hazardous materials, environmental and safety management
Manufacturing and quality process and data management
Work measurement/learning curve management
Industrial security

Supply chain management

O OO0 O0OO0OO0OO0OO0OO0OOoOOo

Specify metrics and scoring that ranks contractor(s) plans (including processes, and
procedures) for timeliness, completeness, accuracy, and alignment (corrective actions, if
required) for managing manufacturing and quality CDRLs, DIDs, etc., including the requisite
approval processes.

Specify in the SSP metrics and scoring for application of manufacturing and quality industry
best practices for the contractor’s Systems Engineering management (e.g., IEEE 15288, -1, -
2, etc.).

o0 Include metrics and scoring for the contractors proposed processes, methods, and actions
to address technical processes, technical management processes, and essential specialty
engineering

Specify manufacturing and quality metrics and scoring on timeliness, completeness,
accuracy, and alignment (corrective actions, if required) for:

0 Meeting each SOW, SOO requirements, and requirements for contract sections C, L, M,
and H

o Planning of manufacturing and quality reviews of engineering and software (with
frequency of reviews)

o Planning and processes for Intellectual Property management and government
Technical/Manufacturing Data Rights, maintenance, ownership, and access

o0 Planning and processes for producibility (including cost sharing and incentive plans
relevant to the solution)

o Plans for facilities, tooling, test equipment, workforce (e.g., training, certifications, etc.),
and supply chain management

o Planning and processes for materials including make/buy, long-lead, sources and risks
(sole, single, foreign, fragile, and critical)

o Plans for utilizing failure mode effects and criticality analyses (e.g., FMECA, DFMEA,
PFMEA) from the system level down to the component level (i.e., throughout the supply
chain)

o Planning and processes for management of CSls and/or CAls, and all preliminary key
and critical manufacturing and quality processes
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o

(0}

DRAFT
3. Technology Maturation and Risk Reduction (TMRR) Phase

Planning and processes for manufacturing system safety analyses

Planning and processes for providing manufacturing and quality information for costs,
cost models, and cost estimates that include rate, alternate materials, quantity, etc.
(including Cost of Quality data)

Plans for establishing and processes for meeting EMD required process capability (Cpk)
goals

Planning for manufacturing technology capability improvements

Plans for investments in advanced manufacturing technology production equipment and
processes from U.S. domestic sources that increase the productivity and reduce life cycle
costs

Plans for implementing (or continuing) a joint risk, issue, and opportunity management
and mitigation program that includes manufacturing and quality (including industrial base
risks)

Plans for implementing (or continuing) a manufacturing and quality variability reduction
program

Planning and processes for cyber-threat protection measures including:

= Safeguarding manufacturing and quality information including supply chain risks

= Designed in systems protection, hardware and software manufacturing network
assurance (including suppliers), anti-tamper , and security-related activities such as
physical security and industrial security

= Anti-counterfeit practices

= Periodic assessments to understand the risks to organizational operations,
organizational assets, and individuals, resulting from the operation and the associated
processing, storage, or transmission of Controlled Unclassified Information (CUI) by
manufacturing information systems.

Planning and processes for utilization of COTS, GOTS, GFE, NDI items

Specify metrics and scoring that ranks contractor(s) plans (including processes, and
procedures) for timeliness, completeness, accuracy, and alignment (corrective actions, if
required) for managing specialized system requirements, such as Flight Operations, Space
Operations, etc.

Specify manufacturing and quality metrics and scoring on timeliness, completeness,
accuracy, and alignment (corrective actions, if required) for contractor planning and
processes to support and/or conduct as required manufacturing and quality:

(0]
(0]
(0}

Technical reviews and audits including CDR, TRR, PRR, PCA, FCA, etc.
MRL assessments with trained personnel utilizing the MRL criteria
Independent risk assessments to include the identification of any critical technologies or
manufacturing processes that have not been successfully demonstrated in a relevant
environment
Performance meetings to discuss quality, manufacturing, production, supply chain,
engineering, software deficiencies and issues, proposed corrective actions, and status of
ongoing actions

Manufacturing and Quality Management Body of Knowledge

DRAFT - Coordination Copy — January 2018
206



1941

1942

1943
1944
1945
1946

1947
1948
1949
1950
1951

1952
1953
1954

1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

DRAFT
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o Joint risk, issue, and opportunity management meetings to manage mitigation activities

Metrics

Metrics and scoring have been specified in the SSP for contractor’s application of
manufacturing and quality industry best practices for the contractor’s Manufacturing
Management System and Quality Management System (QMS) (e.g., AS6500, 1SO 9000,
AS9100, etc.).

0 Metrics and scoring include preferred specific processes, methods, and actions to address
manufacturing feasibility, producibility, and manufacturing and quality risks

0 Metrics and scoring include provisions for accommodation of on-site government Quality
Assurance personnel to complete required management and quality audits and data
collection

If manufacturing management industry best practice requirements (i.e., AS6500) are not
invoked in the contract(s), then specific metrics and scoring have been included that rank
contractor plans, processes, and procedures for:

o Documenting how, when, and by whom each requirement of their manufacturing

management system is to be accomplished, and defining the authority and responsibility

for each.

Producibility design analyses

Identification and management of key and critical characteristics in the TDP

Implementation of VR to reduce part to part variation of key and critical characteristics

Identification and management of key and critical manufacturing processes

Conducting Process FMEA on critical manufacturing processes

Integration of manufacturing risk management activities into the program risk, issue, and

opportunity management process to include the identification of manufacturing risk areas

and the development and implementation of risk mitigation plans tracked to completion

o Conducting and documenting manufacturing feasibility assessments for any competing
design alternative

0 Conducting and documenting manufacturing risks through the MRL assessments with
trained SMEs

o Establishing and maintaining a Manufacturing Plan that includes supply chain and

material management, manufacturing technology development, manufacturing modeling

and simulation, manufacturing costs, manufacturing system verification, manufacturing

workforce, and tooling, test equipment, and facilities

Production Scheduling and Control

Manufacturing Surveillance

Continuous Improvement

Process Control Plans

Process Capabilities

Production Process Verification

First Article Inspections and First Article Tests

©O OO0 0O O0Oo

O O 0O 0O OO0 O
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DRAFT
3. Technology Maturation and Risk Reduction (TMRR) Phase

Supplier Management and Quality

If quality management industry best practice requirements (e.g., ISO 9000, AS9100, etc.) are
not invoked in the contract(s), then specific metrics and scoring have been included that rank
contractor plans, processes, and procedures for:

(0]

(0]

O OO0 0O o

@]

Quality management leadership, commitment, policy, organizational roles,
responsibilities, and authorities

Quality planning with actions to address risks and opportunities, quality objectives and
planning, and change management

Quality support with resources, competence, awareness, communication, and documented
information

Operation including operational planning and control, products and services
requirements, and design and development

Control of externally provided processes, products, and services

Production and service provision

Release of products and services

Control of non-conforming outputs

Quality performance including monitoring, measurement, analyses, evaluation, and
internal audits

Quiality improvement including nonconformities and corrective actions, and continual
improvement

Specific metrics and scoring have been documented in the SSP that at a minimum address the
contractor(s) plans, processes, and procedures for:

O OO0 0O O0OO0OO0OO0OO0OO0OO0OO0o0OO0o0OOo

Risk, issue, and opportunity management

Design producibility, feasibility, and manufacturability
Tooling, facility, and workforce

Prototype demonstrations and development tests
Materials management

Make/buy management

Costs and budgets

Modeling and simulations

Process capability management

Hazardous materials, environmental and safety management
Manufacturing and quality process and data management
Work measurement/learning curve management
Industrial security

Supply chain management

Specific metrics and scoring have been documented in the SSP that rank contractor(s) plans
(including processes, and procedures) for timeliness, completeness, accuracy, and alignment
(corrective actions, if required) for managing manufacturing and quality CDRLs, DIDs, etc.,
including the requisite approval processes.
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Specific metrics and scoring have been documented in the SSP for application of
manufacturing and quality industry best practices for the contractor’s Systems Engineering
management(e.g., IEEE 15288, -1, -2, etc.).

0 Metrics and scoring include the contractors proposed processes, methods, and actions to
address technical processes, technical management processes, and essential specialty
engineering

Specific manufacturing and quality metrics and scoring have been documented in the SSP for
timeliness, completeness, accuracy, and alignment (corrective actions, if required) for:

0 Meeting each SOW, SOO requirements, and requirements for contract sections C, L, M,
and H

o Planning of manufacturing and quality reviews of engineering and software (with
frequency of reviews)

o Planning and processes for intellectual property management and government
technical/manufacturing data rights, maintenance, ownership, and access

o Planning and processes for producibility (including cost sharing and incentive plans
relevant to the solution)

o Plans for facilities, tooling, test equipment, workforce (e.g., training, certifications, etc.),
and supply chain management

o Planning and processes for materials including make/buy, long-lead, sources and risks
(sole, single, foreign, fragile, and critical)

o Plans for utilizing failure mode effects and criticality analyses (e.g., FMECA, DFMEA,
PFMEA) from the system level down to the component level (i.e., throughout the supply
chain)

o Planning and processes for management of CSls and/or CAls, and all preliminary key
and critical manufacturing and quality processes

o Planning and processes for manufacturing system safety analyses and in support of
System Safety Assessments in accordance with MIL-STD-882

o0 Planning and processes for providing manufacturing and quality information for costs,
cost models, and cost estimates that include rate, alternate materials, quantity, etc.
(including Cost of Quality data)

0 Plans for establishing and processes for meeting EMD required process capability (Cpk)
goals

o0 Planning for manufacturing technology capability improvements

o Plans for investments in advanced manufacturing technology production equipment and
processes from U.S. domestic sources that increase the productivity and reduce life cycle
Costs

o Plans for implementing (or continuing) a joint risk, issue, and opportunity management
and mitigation program that includes manufacturing and quality (including industrial base
risks)

o Plans for implementing (or continuing) a manufacturing and quality variability reduction
program
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o Planning and processes for cyber-threat protection measures including:

= Compliance with DFARS 252.204-7012 Safeguarding Covered Defense Information
and Cyber Incident Reporting

= Compliance with NIST 800-82 Guide to Industrial Control Systems Security and
anti-tamper, and security-related activities such as physical security and industrial
security

= Compliance with either DFARS 252.246-7007, Contractor Counterfeit Electronic
Part Detection and Avoidance System, or DFARS 252.246-7008, Sources of
Electronic Parts

= Compliance with NIST 800-171, Protecting Controlled Unclassified Information in
Nonfederal Information Systems and Organizations

o Planning and processes for utilization of COTS, GOTS, GFE, and NDlIs

Specific metrics and scoring have been documented in the SSP that rank contractor(s) plans
(including processes, and procedures) for timeliness, completeness, accuracy, and alignment
(corrective actions, if required) for managing specialized system requirements, such as Flight
Operations, Space Operations, etc.

Specific manufacturing and quality metrics and scoring have been documented in the SSP for
timeliness, completeness, accuracy, and alignment (corrective actions, if required) of
contractor planning and processes to support and/or conduct as required manufacturing and
quality:

0 Technical reviews and audits including CDR, TRR, PRR, PCA, FCA etc.

0 MRL assessments with trained personnel utilizing the MRL criteria

o0 Independent risk assessments to include the identification of any critical technologies or
manufacturing processes that have not been successfully demonstrated in a relevant
environment

o Performance meetings to discuss quality, manufacturing, production, supply chain,
engineering, software deficiencies and issues, proposed corrective actions, and status of
ongoing actions

o Joint risk, issue, and opportunity management meetings to manage mitigation activities

AS6500, Manufacturing Management System Checklist

AS9100, Quality Management System Checklist

ISO 9001, Quality Management System Checklist

IEEE 15288.1-2014, Application of Systems Engineering on Defense Programs
IEEE 15288.2-2014, Technical Reviews and Audits on Defense Programs
Source Selection Plan Template, USMC, Jan 2014

Resources

AS6500, Manufacturing Management Program, Nov 2014
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AS9100, Quality Management Systems - Requirements for Aviation, Space, and Defense
Organizations, Sep 2016

ISO 9001:2015, Quality Management System

IEEE 15288.1-2014, Application of Systems Engineering on Defense Programs

IEEE 15288.2-2014, Technical Reviews and Audits on Defense Programs

DFARS 246.870, Contractors’ Counterfeit Electronic Part Detection and Avoidance
DFARS 252.228-7001, Ground and Flight Risk

DFARS 252.246-7007, Contractor Counterfeit Electronic Part Detection and Avoidance
System

DFARS 252.246-7008, Sources of Electronic Parts

DFARS 252.204-7012 Safeguarding Covered Defense Information and Cyber Incident
Reporting

DoDI 5000.02, Operation of the Defense Acquisition System, Feb 2017, Enclosure 14
DoD Source Selection Procedures Memo, Mar 2011AS6500, Manufacturing Management
System

MIL-HDBK-896A, Manufacturing and Quality Program, Aug 20161SO 9001, Quality
Management System

MIL-STD-882, Rev. E, System Safety, May 2012

NIST 800-82 Guide to Industrial Control Systems Security

NIST 800-171, Protecting Controlled Unclassified Information in Nonfederal Information
Systems and Organizations

Develop EMD Award Fee Criteria

Manufacturing and Quality Tasks

Develop and provide manufacturing and quality input to Award Fee Criteria appropriate to the
contract type and consistent with the Acquisition Strategy that specify periodic EMD phase goals
address the necessary and appropriate manufacturing and quality, including supply chain, cost,
schedule, and performance improvements (progress against goals) in the areas of:

0 Manufacturing and quality CDRLs, DIDs, etc. submission and approval meet contract
requirements (schedule)

o Compliance with cyber-threat protection and industrial security requirements

0 Manufacturing, quality, and Industrial Base risk mitigations to schedule goals (#,%,
milestones)

0 Manufacturing readiness progress (MRL assessments) against targets including risk
mitigations

0 Manufacturing and producibility projects planned and completed (#/%)

o Initiation, development, and progress of manufacturing and quality learning curves (% to
goals) including rates, yields, variability, process times, re-work and repair, etc.
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Metrics
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System design, specifications, and documentation completion, approval, and release for
prototyping/manufacturing (progress against schedule)

Manufacturing and quality systems design (production line, tooling, equipment, ManTech
insertion, etc.) completion against plans (%)

KC development, management, maturation, and demonstration to goals (% to goal and
schedule progress)

Technical Performance Measures (TPMs) (% progress to schedule)

Manufacturing processes and advanced manufacturing capability development,
improvement, and demonstration (#/% to goals)

Management of CSls and CAls to requirements

Process Capability development and improvement (Cpk value to goals)

Quality improvement projects planned and completed (#/% to goals)

Variation and Variability reduction efforts (initial yield rates and trends)
Manufacturing improvement projects identified, planned, and implemented (#/% to
goals)

Materials characterized in production relevant environment (#/%)

Materials management, characterization, and analyses completion against appropriate
quality goals (#/%)

Facilities and equipment development, completion, and demonstration (% to plan)
Workforce development and management to plan (e.g., hiring, training, and reductions)
(#/% to plan)

Development testing completion to schedule (% successfully completed)
Manufacturing costs and cost reduction with minimum periodic thresholds (#/%)

= Cost sharing when goals are not met must also be specified.

Quality costs and cost reduction with minimum periodic thresholds (#/%)
Manufacturing Plan progress against completion (cost and schedule)

Quality Plan progress against completion (cost and schedule)

Manufacturing and quality safety system requirements (% compliance)
Manufacturing Management System compliance to best practices and/or contract
requirements (# to standard)

Quality Management System compliance to best practices and/or contract requirements
(# to standard)

System Engineering management compliance to best practices for manufacturing and
quality technical processes, technical management processes, and essential specialty
engineering (# to standard)

Progress toward meeting EMD exit criteria

Manufacturing and quality inputs to Award Fee Criteria consistent with the Acquisition Strategy
have been documented and specify periodic EMD phase goals that require manufacturing and quality
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2176  cost, schedule, and performance improvements including the supply chain, measured as progress
2177  against goals, for:

2178 0 Manufacturing and quality CDRLs, DIDs, etc., submission, approval, and corrective
2179 actions, meeting contract requirements (schedule)

2180 o Compliance with cyber-threat protection and industrial security requirements

2181 0 Manufacturing, quality, and Industrial Base risk mitigations (#,%, milestones)
2182 0 Manufacturing readiness progress (MRL assessments against targets, including risk
2183 mitigations)

2184 0 Manufacturing and producibility projects (planned and completed, #/%)

2185 0 Manufacturing and quality learning curves (% to goals)

2186 = Include rates, yields, variability

2187 = Include process times, re-work and repair, scrap, etc.

2188 o0 Prototype/manufacturing design specifications, drawings and documents completion,
2189 approval, and release (#/%)

2190 0 Manufacturing and quality systems design completion (#/%)

2191 = Production line, tooling, equipment, ManTech insertion, etc.

2192 o Development, management, maturation, and demonstration of manufacturing and quality
2193 KCs and processes (#/%)

2194 0 TPMs

2195 o0 Advanced manufacturing capability development, improvement, and demonstration
2196 (#/%/schedule)

2197 o0 Monitoring and management of CSls and CAls to requirements (%)

2198 o Development and improvement of manufacturing processes

2199 = Process Capability development and improvement (Cpks)

2200 = Quality improvement projects (#/%/schedule)

2201 = Variation and Variability reduction (yield, rates and trends)

2202 = Manufacturing improvement projects (#/%/schedule)

2203 0 Materials characterized in production relevant environment (#/%)

2204 o0 Management and characterization of materials completion (rate/#/%)

2205 o Completion and/or demonstration of facilities and equipment (%)

2206 o0 Plans for, development, and management of the workforce (#/%)

2207 = Hiring, training, reductions, etc.

2208 o Development testing completion (% successfully completed)

2209 0 Manufacturing costs and cost reduction with minimum periodic thresholds (#/%)
2210 = Cost sharing when goals are not met must also be specified

2211 0 Quality costs and cost reduction with minimum periodic thresholds (#/%)

2212 0 Manufacturing Plan progress (cost and schedule)

2213 0 Quality Plan progress (cost and schedule)
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o

Manufacturing and quality safety system progress (% compliance and schedule)

0 Manufacturing Management System compliance to best practices and/or contract
requirements (# to standard)

o0 Quality Management System compliance to best practices and/or contract requirements
(# to standard)

o System Engineering management compliance to best practices for manufacturing and
quality technical processes, technical management processes, and essential specialty
engineering (# to standard)

0 Progress toward meeting EMD exit criteria (#/%/schedule/cost)

Aware Fee Template, USAF

Resources

B.4

Air Force Award Fee Guide, Oct 2008 (Army and Navy guides available)

AS6500, Manufacturing Management Program, Nov 2014

AS9100, Quality Management Systems - Requirements for Aviation, Space, and Defense
Organizations, Sep 2016

I1ISO 9001:2015, Quality Management System

MRL Deskbook Version 2016

Develop EMD Manufacturing Incentive Criteria

Manufacturing and Quality Tasks

Develop and provide manufacturing and quality inputs to EMD Incentives Criteria
appropriate to the contract type and consistent with the Acquisition Strategy that are tied to
early investments with goals of exceeding contract requirements and program expectations.

These should address appropriate manufacturing and quality cost, schedule, and performance

improvements (including supply chain) in the areas of:

o0 Strong management commitment to success through effective communications, team
empowerment, and visibility in manufacturing and quality planning, teamwork, and
execution

0 Assessments of lower tier supply chain for manufacturing readiness and maturity in
advance of the System maturity targets (#/%)

0 Manufacturing cost (A$), cost reduction (%/$), and cost avoidance

o0 Schedule improvements (such as increased slack time, expedited development, early
delivery, or just-in-time implementation, etc.)

o0 Technical enhancements beyond contract requirements in quality, reliability,
maintainability, product improvement, yield, rates, etc.

o0 Testing and reliability improvements positive trends (%)

o0 Testing and demonstration beyond contract requirements (include test reductions)
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Quality improvement positive trends (acceleration of improvements %)

Exceeding quality improvement goals

Key and critical manufacturing process variation reduction (Cpk improvements on key
and critical products beyond contract)

Investments in modern manufacturing methods, software, and equipment including
ManTech (cost share %)

Materials characterization schedule improvements in additional environments beyond
contract requirements (time)

Variation and Variability reduction efforts exceeding contract requirements (yields, rates,
and trends)

Qualification and investments in additional sources within the U.S. IB ($)

Manufacturing and quality inputs to EMD Incentives Criteria consistent with the Acquisition
Strategy have been documented are traceable to early investments that exceed contract
requirements and program expectations. These incentives specify manufacturing and quality
cost, schedule, and performance improvements (including supply chain) in the areas of:

(0]

©O OO0 O 0O o

o

o

Strong management commitment to success through effective communications, team
empowerment, and visibility in manufacturing and quality planning, teamwork, and
execution

Progress of Manufacturing Maturation Plan for lower tier supply chain manufacturing
readiness and maturity against program goals (risk reductions to cost and schedule)
Manufacturing cost (A$), cost reduction (%/$), and cost avoidance

Schedule improvements (such as increased slack time, expedited development, early
delivery, or just-in-time implementation, etc.)

Technical enhancements beyond contract requirements in quality, reliability,
maintainability, product improvement, yield, rates, etc.

Testing and reliability improvements positive trends (%)

Testing and demonstration beyond contract requirements (include test reductions)
Quality improvement positive trends (acceleration of improvements %)

Exceeding quality improvement goals

Manufacturing processes against process capability (Cpk) (appropriate positive progress)
Key and critical manufacturing process variation reduction (Cpk improvements on key
and critical products beyond contract)

Investments in modern manufacturing methods, software, and equipment including
ManTech (cost share %)

Producibility enhancement and project completion (#/%) above contract requirements
Materials characterization schedule improvements in additional environments beyond
contract requirements (time)

Variation and Variability reduction efforts exceeding contract requirements (yields, rates,
and trends)

Qualification and investments in additional sources within the U.S. IB ($)
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Award Fee/Incentive Fee Plan

(0]

(0]
(0]
(0}

o O

FAR Subpart 16.4 Incentive Contracts

DoD/NASA Incentive Contracting Guide

AS6500, Manufacturing Management Program, Nov 2014

AS9100, Quality Management Systems - Requirements for Aviation, Space, and Defense
Organizations, Sep 2016

ISO 9001:2015, Quality Management System

MRL Deskbook Version 2016

Update RFP Post-PDR

Manufacturing and Quality Tasks

If needed, update manufacturing and quality inputs to the RFP based on post-PDR
assessment results (see A.3) and updates made to the following (see A.4):

(0]

O O 0O 0O 0O 0O O0OOo

The Acquisition Strategy

= Acquisition Approach

= Business Strategy

= Contracting Strategy (type and termination liability)

= Cooperative Opportunities (if necessary)

= General Equipment Valuation

= [Industrial Base Considerations

= Intellectual Property Considerations

= Market Research (for RFP RDP)

= Modular Open Systems Approach

= Multiyear Procurement

= Risk, Issue, and Opportunity Management Process

= Small Business Innovation Research/Small 