O &
=
—
=5
= =S
wn LLl]
= T

—

ENTERPRISE

. \\\““..
Trereeeegd
1e0000000

L

TUVAAARAAN
TUAVNARAANYG
SLAANARANGG
...¢-¢0000
FUAAAAARNG
SREREEY 1Y
RRRRLET]Y
...:-000.
AR ]}
REEEIY Y]]
RRRRNETT] ]
SRR REL]]]
T T
NI ]
SNy
T
ST [
AR R T ] ]
SRR )] ]
AT T ]]
RN TTT ]
EITTTT )
rerrendig
RN T ]
treeedingg
crreanggg
11000000
‘e qh_‘\“‘.
‘.\~§\Q‘§‘

*

ture for a Le tion
A Ar.c-hi‘te-cture for a Lean Transforma
n

LR
LE N
L R
L
LR
LR
L
L0
L N
L
L N
4
LR
L]
L Xl
L
LE R
LA
LR
e
+4
L X
L
+
L
+
+ ¢
e
e
0
+
+*

ATHAISEL

A. IV

r—l
fj YA

DENINI

Auerbach Publications
A Taylor & Francis Group



SUSTAINING
THE MILITARY
ENTERPRISE



Rightsizing Inventory
by Joseph L. Aiello
ISBN: 0-8493-8515-6

Integral Logistics Management: Operations and
Supply Chain Management in Comprehensive
Value-Added Networks, Third Edition

by Paul Schonsleben

ISBN: 1-4200-5194-6

Supply Chain Cost Control Using Activity-
Based Management

Sameer Kumar and Matthew Zander

ISBN: 0-8493-8215-7

Financial Models and Tools for Managing
Lean Manufacturing

Sameer Kumar and David Meade

ISBN: 0-8493-9185-7

RFID in the Supply Chain
Judith M. Myerson
ISBN: 0-8493-3018-1

Handbook of Supply Chain Management,
Second Edition

by James B. Ayers

ISBN: 0-8493-3160-9

The Portal to Lean Production: Principles
& Practices for Doing More With Less

by John Nicholas and Avi Soni

ISBN: 0-8493-5031-X

Supply Market Intelligence: A Managerial
Handbook for Building Sourcing Strategies
by Robert B. Handfield

ISBN: 0-8493-2789-X

The Small Manufacturer’s Toolkit: A Guide
to Selecting the Techniques and Systems to
Help You Win

by Steve Novak

ISBN: 0-8493-2883-7

Velocity Management in Logistics and
Distribution: Lessons from the Military
to Secure the Speed of Business

by Joseph L. Walden

ISBN: 0-8493-2859-4

Supply Chain for Liquids: Out of the Box
Approaches to Liquid Logistics

by Wally Klatch

ISBN: 0-8493-2853-5

Supply Chain Architecture: A Blueprint
for Networking the Flow of Material,
Information, and Cash

by William T. Walker

ISBN: 1-57444-357-7

ERP: Tools, Techniques, and Applications
for Integrating the Supply Chain

by Carol A. Ptak with Eli Schragenheim
ISBN: 1-57444-358-5

Introduction to e-Supply Chain Management:
Engaging Technology to Build
Market-Winning Business Partnerships

by David C. Ross

ISBN: 1-57444-324-0

Supply Chain Networks and

Business Process Orientation

by Kevin P. McCormack and

William C. Johnson with William T. Walker
ISBN: 1-57444-327-5

Collaborative Manufacturing: Using
Real-Time Information to Support the
Supply Chain

by Michael McClellan

ISBN: 1-57444-341-0

The Supply Chain Manager’s Problem-Solver:
Maximizing the Value of Collaboration

and Technology

by Charles C. Poirier

ISBN: 1-57444-335-6

Lean Performance ERP Project Management:
Implementing the Virtual Lean Enterprise,
Second Edition

by Brian J. Carroll

ISBN: 0-8493-0532-2

Integrated Learning for ERP Success:

A Learning Requirements Planning Approach
by Karl M. Kapp, with William F. Latham and
Hester N. Ford-Latham

ISBN: 1-57444-296-1

Basics of Supply Chain Management
by Lawrence D. Fredendall and Ed Hill
ISBN: 1-57444-120-5

Lean Manufacturing: Tools, Techniques,
and How to Use Them

by William M. Feld

ISBN: 1-57444-297-X

Back to Basics: Your Guide to
Manufacturing Excellence

by Steven A. Melnyk and

R.T. Chris Christensen

ISBN: 1-57444-279-1

Enterprise Resource Planning and Beyond:
Integrating Your Entire Organization

by Gary A. Langenwalter

ISBN: 1-57444-260-0



SUSTAINING
THE MILITARY
ENTERPRISE

An Architecture for a Lean Transformation

DENNIS FX. MATHAISEL

Professor, Babson College, Massachusetts, USA
Research Engineer (Former), Massachusetts Institute of Technology,
Massachusetts, USA

Auerbach Publications
A Taylor & Francis Group
New York London

CRC Press is an imprint of the
Taylor & Francis Group, an informa business



CRC Press

Taylor & Francis Group

6000 Broken Sound Parkway N'W, Suite 300
Boca Raton, FL 33487-2742

© 2008 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works
Version Date: 20131009

International Standard Book Number-13: 978-1-4200-6225-0 (eBook - PDF)

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts
have been made to publish reliable data and information, but the author and publisher cannot assume
responsibility for the validity of all materials or the consequences of their use. The authors and publishers
have attempted to trace the copyright holders of all material reproduced in this publication and apologize to
copyright holders if permission to publish in this form has not been obtained. If any copyright material has
not been acknowledged please write and let us know so we may rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmit-
ted, or utilized in any form by any electronic, mechanical, or other means, now known or hereafter invented,
including photocopying, microfilming, and recording, or in any information storage or retrieval system,
without written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.
com (http://www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood
Drive, Danvers, MA 01923, 978-750-8400. CCC is a not-for-profit organization that provides licenses and
registration for a variety of users. For organizations that have been granted a photocopy license by the CCC,
a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used
only for identification and explanation without intent to infringe.

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com



Contents

Preface ..uccucneniisenseiseiseiseiseisninninecessesseiseisesseissississessessssssessessessessessessessessesnees xi
AcKknowledgments ......cucvuerrenreresensensensnnsnnsnnsnisnisnessessessessessessssssssssssessessenes xiii
ADOUt the AULROL .ucuviuicuiiiiiiiiiitititincsisisisistsstsesssssssesssssssseesssseens XV
Chapter 1 The Current Military Sustainment System ......coccerueeuersueennes 1
L1 INCrOdUCHON eviireiiierciieeretreerceee ettt 3
1.2 Characterization of the Current Military Sustainment System ........... 7
1.3 Analysis of the Current Military Sustainment System .....c...ccceneeee. 13
1.3.1 System-Level Factors Affecting Sustainment Efficiency
and Responsiveness ..........cccvuruiiiuiuciiiininininicicccccias 18
1.3.2 Depot-Level Factors Affecting Sustainment Efficiency
and Responsiveness ........ccoeiviiiiiniiiciniiiiiicecees 25
1.4 Ramifications and Conclusions.........coeveeveuerenieenneennieineneennene 29
Chapter 2 A Lean Model for the Military Sustainment Enterprise .....33
2.1 INErOdUCTON weveeiievciiieiciietccrtetc et 33
2.2 The Lean Sustainment Enterprise Model..........cccccociiiniiinnnnne. 36
2.3 Benefits of and Challenges to the Lean Sustainment Enterprise
MOdeL ..ot 40
2.4 A Case Study: The Joint CAD/PAD Program.......ccceeuvucucucuiuinnne. 42
2.5 ConClUSION c.eeueruiieuiriiicirieictrec ettt 44
Chapter 3 A Lean Enterprise Architecture for Military
Sustainability.....ceceivininiinsniinninniinin e 45
3.1 INErOdUCHON ettt 46
3.2 'The Life Cycle of an Enterprise.........ccccoceiiiinininiiiicciiiiiiiiiaes 46
3.3 Why Is an Enterprisewide Transformation So Importante................ 47
3.4 'The Process of Architecting an Enterprise.........cccccocuiveininiiiinccnaee 50
3.5 Enterprise Architectures ..........coccoeviieinniiniiicniiicccee 54
3.6 A Lean Enterprise Architecture for Military Sustainability............... 60
3.6.1 Definitions ...c.ccvvueuiirieiiiniciiiiieiireenete e 60

<



vi

m  Contents

3.7

3.8

39
3.10
3.11

3.6.2 'The Lean Enterprise Architecture.........ccccocovvviviiiiiiinnnne.
3.6.3 Phase 1: Transformation Strategic Planning..........c.cccccocue..e.
3.6.4 Phase 2: Transformation Acquisition and Integration............
3.6.4.1 'The Requirements Package.......ccoceeeeneuiinnccnnnee.
3.6.4.2 The Acquisition Plan ......ccccceveverincnnincnneneenn
3.6.4.3 'The Integration Plan.......c.ccccceveenncccnnccnncnnnes
3.6.44 The Change Management and
Communications Plan..........cccccooeiiiniiinnnne.
3.6.5 Phase 3: Transformation Implementation............cccceueueunnnne.

The Role of Systems Engineering in the Lean Enterprise

ATCRITECTULE ottt
3.7.1 'The Conceptual Design Task ......cccccceuvuriruiiceiininnniicinen.
3.7.2 'The Preliminary and Detailed Design Tasks ........c.cccoeuvueunene
3.7.3 'The Implementation Task.......ccceceveveriniininennincenenccnes
3.74 The Operation Task......cccceoeverininenniniinincnencceeen

Enterprise Transformation Engineering and the Lean Enterprise
ALCRITECTULE ettt
Preference for a Performance-Based Transformation........cocccevvvveunee
Applications of the Lean Enterprise Architecture.........cccccocvinininnne
Case Study: The Lean Enterprise Architecture Implementation
Process in the U.S. Air FOIce ..co.covvimeninineneincincnceeenceecseeenes
3.11.1 Organization of the Implementation Process..........cccceuvueuenee
3.11.2 Responsibilities and Activities at the Air Logistics Center
LEVELS ottt
3.11.2.1 'The Air Logistics Center Level ...c.ooevverreenncnnens
3.11.2.2 'The Wing/Organization Level........ccccoevicinecenee.
3.11.3 The Depot Maintenance Transformation Board....................
3.11.4 Transformation Area Team Meetings.........ccccccocucurrcinininnnns
3.11.5 Transformation Evaluation Steps and Criteria............c........
3.11.5.1 Determining Transformation Feasibility...............
3.11.5.2 Methodology/Evaluation Tools ........c.ceoevruiucunnnnn.
3.11.5.3 Transformation Planning Questions .....................
31154 Criteria..emeennreciniereineereereerieeeeesreesee e
3.11.5.5 'The Business Case Analysis/Return on
Investment Process........cccoviiiiiiiiiiniiiininininnne,
3.11.6 Project Identification and Coordination...........ccccccevvuvirunnnee
3.11.7 Impact Analysis......ccooviiiiiiiiiiiiiiiiccce
3.11.8 The Integrated Master Plan/Integrated Master Schedule.......
3.11.9 Enterprisewide Business Case Analysis/Return on
INVESTMENT .eviiiiiiiiiicicc
3.11.10 Prioritization and Selection of Projects.......ccccevevveervenuecrnennes
3.11.11 Documentation, Communication, and Change
Management .......cceviiiiiiiiiniii



Contents n

3.11.12The Transformation Project Life Cycle.........ccccueucuiurnnnnne.
3.11.12.1 The Project Template......ccovvereerereenercrcnercnnnes
3.11.12.2 MELIICS c.uviiiiiiiiiiiiiicicciccre e
3.11.12.3 Communication.........cccecvueviiviiiininiiiiciiiienns
3.11.12.4 Implementation.....c.coeveeuerrereeerenieenienieeneneenens
3.11.12.5 Measuring Results.......cccccovevrinincincnenncncnns
3.12 Conclusions and Future Directions.........coeeevrvereerereeinneeecneenennes
Chapter 4 Continuous Process Improvement Initiatives for
Military Sustainability ......ccocceviiseirecnsiisecsncnsensecsnecenanes
4.1 Transformation ....cceveererieininieireeietnteieentereesee ettt saes e saesenes
4.1.1 What Is Transformation? .......ccoceeeverrerinenreennrecineeeenennen.
4.1.2  'The Transformation Process ..........cccovveererueeennierenenreenennene
4.1.3 Measuring Transformation........coceceeerveenrreennreineereenennen.
4.2 Continuous Process Improvement Initiatives for Transformation ...
4.2.1 Total Quality Management........cocceeerveuenerrevenenieenenreenennene
4.2.1.1  Awards for Quality Achievement......c..coeceruennecn
4.2.2 SIX SIGMA ceerviiiiiiieienieeeeseeeenreeee ettt
4.2.3 Business Process Reengineering/Redesign .......coevvevveuennnnee.
4.2.4 Quick-Response Manufacturing ..........c.ccceeevveivereininicncns
425 AGIIEY oo
4.25.1 The Agility Forum.......cocccovvevinnicnninecinen,
4.25.2  Agile Manufacturing.......cccoeveeneccnecncneencnnen
4.2.6 Variance Reduction .......cccoeeeevverecinieicenerienreicneennnecens
4.2.7 Lean Production.........ccccevevirineninieieienenesieseseeceeeene
4.2.8 Value-Stream Mapping ......cccccoeveeeneereeenerennreisenerenenreenens
4.2.8.1 The Value Stream .......coevevreininccinnicniccnnn,
4.2.8.2  'The Value-Stream Mapping Process .......c.ceuene.
4.2.8.3 Value-Stream Mapping as it Relates to Lean
SUSTAINMENT c.eeiiiiiiiiiiiicece e
4.2.8.4 'The Benefits of Value-Stream Mapping...............
4.29 Cellular Manufacturing .........ccccoeevvviineicncicncinncnns
4.2.10 Total Productive Maintenance .......c.ccouecevuereeerueniecseneecnnes
4.2.11 The Theory of COnStraints......coevveerrereereruerrerereneeereneeennes
4.2.12 Flexible SUStAINMENT c.cvevererveeiirieenieicenieiccreeieesieieeseeieaens
4.2.13 Conclusions on the Continuous Process Improvement
INICATIVES weeeurieiiiiiieciee ettt
4.3 Case STUAIES .euveverveeeiriiieeiete et e
4.3.1 A Case Study on Process Improvement Initiatives in the
U.S. Air Force ...
4.3.2 Value-Stream Mapping Case Studies......oecveerrerererrercnennnee.

4.3.2.1 Commercial Avionics High-Level Value-
Stream Map ..o

vii

103



viii

m  Contents

4.3.2.2  F-15 Heads-Up Display High-Level Value-

Stream Map ...ccooiiiiiiiiiiiiis 181
4.3.2.3 A Comparison of Air Force and Commercial
Avionics Repair .....cccoevveiviniecininciiiccecee, 186
Appendix: Performance Metrics for the Transformation of a Depot
Maintenance Base.......ccccoviiiiiniiiiiiiii 187
Chapter 5 Best Sustainment Practices.......coveeveeniueensiencueensnenssnenanns 191
5.1 Benchmarking ....cocccovueinirieinncininicnnccccecceccneee e 192
5.1.1 Best Sustainment Practices: A Definition ........cccevveverennnee. 193
5.1.2  Reasons for Searching for Best Practices......cccovveurrerrerennnnee 193
5.2 Objectives of This Chapter.......ccceevvveirerreinniecineeeireeeneeereeeeen 194
5.3 A Methodology for Benchmarking .........cccoceeevneeecinnccneccnecnnes 195
5.3.1 Identifying the Best Practices.....c.ccccoveuevirerecinueinenercnnnnen 195
5.3.1.1  Conducting a SUIVeY......ccccuvvrueirerreiruereirierenees 195
5.3.1.2  Websearches.......cccocvueverineeneneeniriceninieeneeeees 197
5.3.1.3  Reports and Papers......ccccccecvniivniiniinnncnnns 197
5.3.2 A Framework for Identifying and Classifying the Best
Practices .....ccceviiiiiiiiiiiiiiii 197
5.3.2.1  Step 1: Defining the Issue or Problem ................. 197
5.3.2.2  Step 2: Identifying Solutions to the Problem:
Higher-Level Practices......ccoveervreineeeccnnnennnes 199
5.3.2.3  Step 3: Identifying the Enabling Practices and
Their SOULCES....ovvemieirieriiriereeriecreeere s 201
5.3.2.4  Step 4: Listing the Best Practice and Its
Related Tasks ...cccoveveererennieininccicneceeiene 202
5.3.3 Generic Benchmarking Categories............cccccccueiiininininnnnas 203
5.3.4 Key Operations, Functions, Processes in Sustainment to
Be Benchmarked .....c.covveinineinnciiniicncccccneccneenees 203
5.3.5 Performance Characteristics/Metrics to Be Benchmarked...205
5.4 Conducting Site Visits to Witness the Best Practices ......cccccvveveunen 205
5.5 Mapping the Best Practice to the Appropriate Task in a
Transformation ProJect......cccoveeirereeinerecineeeenenienreeeneeeseenenes 206
5.6 Summarizing and Reporting the Results .....c..ccccvveciniicnncnes 210
5.7 Implementing the Best Sustainment Practices .........ccccovueeirnncnnes 211
5.8  Schedule Plan for Executing the Seven-Step Benchmarking
PIOCESS...oviiiiiiiiiiiiiiici 213
5.9 Best Sustainment Practice Case Studies.........coevererreceeenreencnnennnn 215
5.9.1  Pratt & Whitney .......ccocoviririiiiiiiiiiiiiiiccccccas 216

59.1.1 A Case Study in Implementing Enterprise
Resource Planning Systems at Pratt &
Whitney Space Propulsion .......c.cccoeeeererinennenee. 216



Contents W ix

59.1.2 A Case Study on Cellular Repair and
Overhaul at Pratt & Whitney’s San Antonio

Engine Center.......cccocoiiiiiiiiinininiiiiiiiii, 218
59.1.3 A Case Study on Depot Production
Operations at Pract & Whitney......cccovvevreenenee. 222
5.9.2 The U.S. ArmY cvevieiriinieiiiieeeeeeeetei e 223
5.9.2.1  The Corpus Christi Army Depot........cccccervenunee. 223
5.9.2.2  The U.S. Army Maintenance Center—Albany......227
5.9.2.3 The U.S. Army Materiel Command.................... 228
Appendix: Benchmarking Questionnaire...........ccccoeuviiiciiicininnnnnnnes 232
Section A: Performance MEtrics.......euevurueuerirueeininieninieieerieieeneereenieneeeen 233
Section B: Customer Interaction and Performance Levels........ccccveueuene. 235
Section C: Service Processes.......oouerverienirnirnienieniienenieseeseeseeeeeeeeneees 237
Section D: Information Infrastructure....c.oeecervveeeneerecennennienceneneeees 239
Section E: Business Practices.......coveverrrererereinneineneininecenneeneenenenns 244
Section F: General Background Information ........cccoeeenevecinccccnecnnes 247
Chapter 6 Lean Enterprise Transformation Activities: A Guide ....... 249
6.1  Activity 1: Establish an Integrated Product Team (IPT)................. 252
6.1.1  Senior Management Involvement and Support.................... 252
6.1.2  EMPOWEIMENT . .c.iruiuieiiieieiiieieienieeeiineeeeieseeeeere e 253
6.1.3 Composition of the IPT ..o, 253
6.1.4  Stakeholders ......ccoevveuiririeerineirinecreiencce e 254
6.1.5 CommuNICALION .....cevuiieieiiicieeieieeeeeeeee e 255
6.1.6  Change Management Plan .........cocccceeveinncinneinnccnnnen, 255
6.1.7 Integration Plan ......ccccoeeeiniiiiiineinnincceeee 256
6.2 Activity 2: Define the Need and Describe the Problem................... 257
6.2.1 The NEed....eceieirieieierieieese ettt 257
6.2.2 The Requirements ..........ccccucucucueuinininininicicicccciiseeenee 258
6.2.3 Is the Transformation a Product or a Service?..........ceuenee. 259
6.2.3.1  Product Type of Contract.......ccccoeeuvururururucucunnnee 260
6.2.3.2  Service Type of Contract.......cccccevvvviririiucucunnnnnes 260
6.2.4 Synopsis of a Transformation Initiative .....c.coceveererrecneenee. 260
6.3 Activity 3: Transformation Preliminary Design—Possible
SOLULIONS ..ttt 261
6.4 Activity 4: Transformation Detailed Design—Performance
Work Statement or Statement of Objectives? ........coeeeverveereneecnne. 262
6.5 Activity 5: Transformation Detailed Design—Measuring and
Managing Performance ..........ccccocueuiuiiiinininininiiccccineees 263
6.6  Activity 6: Transformation Implementation—Source Selection..... 264
6.6.1 Source Selection Documents.........ccevuervereneneneneneeeeneene 265

6.6.2  Evaluating the Proposal Responses.......cococevvvveinerccnneneae. 266



x ®m Contents

6.7 Activity 7: Transformation Implementation—Managing

Performance and Risks ......ccovuerieirienieiniiieieeeee e 268

6.7.1 Risk Management.........ccccucueuiuiinininininineiciccciieinenes 268

6.7.2  Create a Training Course ........ccooevveviiiniiininiiiiniinenns 269

6.8 Activity 8: Transformation Operation .........cccceveeerererenenercrennenens 270
6.9 ConclUsION ..cuerieieuiriiieiirieie ettt 270
Appendix A: Useful Websites......ceerveiririererinenininieeneneeeneeeeeneeene 271
Government WebSItes .....coueerverieirienieinenieineteenese e 271
Market Research Websites ......cccoveerierirenienninierininecceeeeene 272
INOLES cerveeenriseeisnecsunissueissncessnessansssecsssnsssansssnsssansssassssessssesssassssasssansssassssassne 273
CRAPTEL Lttt ettt ettt sttt 273
CRAPLEL 2.ttt ettt ettt st et 274
Chapter 3. .o 274
CRAPLEL 4ottt sttt 274
CRAPLEL 5.ttt ettt ettt sttt 275
CRAPLEL Gttt sttt 275
REFEIENCES cevvieuirruinniniriinsuinsiisinsaisssissesssessisssssssesassssssssessssssssssssssssssssssssses 277
Chapter Lo 277
CRAPLET 2.ttt ettt ettt 279
Chapter 3o s 280
CRAPLET 4.ttt 284
CRAPLEL 5.ttt ettt 288
CRAPLET Bttt 289



Preface

An increased military operational tempo, aging weapon systems, an aging work-
force, limited financial resources, and new technologies are some of the reasons why
the military needs an aggressive sustainment transformation plan. Sustainment is
defined as the maintenance, repair, and overhaul (MRO) practices that keep the
systems (the products of the military enterprise) operating and up to date (via new
technology upgrades) throughout their entire life cycle. The goal is to achieve a
quantum leap in sustainment throughput and efficiency by transforming military
depot workload and processes into those of a best-in-class commercial-type facil-
ity. In order to produce a successful transformation, military depots require an
integrated set of activities and support methods that execute their strategic vision,
program concepts, acquisition strategy, schedule, communications plan, and imple-
mentation strategy. To accomplish this objective, this book describes a lean enter-
prise architecture (LEA) strategy to transform the MRO industrial enterprise. LEA
is a structure to organize the activities for the transformation of the enterprise. It is
the application of systems architecting methods to design, construct, integrate, and
implement a lean enterprise using maintenance engineering methods and practices.
The design process incorporates lean attributes and values as design requirements
in creating the enterprise. The application of the LEA is designed to be less resource
intensive and disruptive to the organization over the traditional lean enterprise
transformation methods and practices.

The Office of the Secretary of Defense of the U.S. government has recognized
the need for process improvement and directed all Department of Defense (DoD)
logisticwide initiatives to undergo a transformation by adopting commercially
proven practices and strategies. This directive is a radical departure from the tra-
ditional military paradigm, and it is aimed at all enterprises that perform DoD
work. These enterprises include contractors such as Boeing, Honeywell, IBM,
Lockheed Martin, and Raytheon. These logistic transformation objectives include
the implementation of many commercial best practices, such as lean and cellular
manufacturing, systems engineering, and supply-chain management. Transforma-
tion offices have been established in the military to implement these new strategies.
The problem is that these offices have no condensed, user-oriented context to refer
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to in the search for the necessary tools with which to implement the strategies. The
rush to field new products and systems without using sustainability requirements
continues to plague projects in the government, as well as the commercial sectors
of our economy.

The intent of this book is to help develop the management and technical skills
necessary to design and implement cost-effective, integrated, sustainment networks
and agile organizational structures. At the same time, new tools are needed to help
address the unique problems facing the military sustainment community. These
problems include aging systems and commercial off-the-shelf life-cycle support
challenges. For example, the Lockheed C-5 military transport was designed in the
1960s with a life expectancy to the year 2000. Because of cutbacks in new DoD
systems procurement, its life was extended well into the 21st century. How does
such old technology sustain itself well beyond its expected life? Another example is
the V-22 Osprey tilt-rotor aircraft program, which initially had significant opera-
tional test and evaluation problems. Most of these problems have been overcome,
but what performance-based logistics maintenance support program design is best
for this new system?

Commercially proven supply-chain management and lean enterprise practices
have significantly benefited the manufacturing and retail industries, but they have
been difficult to apply in the defense industry because of the high degree of variabil-
ity in both source material and low-volume production requirements. Under ideal
conditions, a sustainment supply chain network would be responsive and flexible
enough to meet varying demand conditions. The right types of material and parts
would be available in the right quantities, at the right place, at the right time, and
at an affordable cost. Parts and material shortages, coupled with increased main-
tenance requirements, are just some of the issues facing the sustainment commu-
nity today. The logistic transformation from a (Cold War) mass-production model
into a “lean and agile” model requires significant management and technological
change. In much the same way, commercial enterprises supporting the military
need to ascertain how to sustain themselves during transformations in the DoD
enterprise.

The author has investigated many of these problems and the application of new
technologies, tools, and strategies that could be leveraged in providing leaner and
agile sustainment networks. This book focuses on the various process-improvement
initiatives that are available to help sustain the military enterprise, and it presents
a lean enterprise architecture to accomplish that objective. It is the first volume
in the Sustaining the Military Enterprise series. Future volumes by the author will
provide the sustainment community with the required maintainability, reliability,
supportability, and logistics practices and technologies, and it will also present the
necessary principles of maintenance and systems engineering that are required for
military sustainability.
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Chapter 1

The Current Military
Sustainment System

Some believe that with the United States in the midst of a dangerous
war on terrorism, now is not the time to transform our armed forces.
I believe that the opposite is true. Now is precisely the time to make
changes. The war on terrorism is a transformational event that cries
out for us to rethink our activities, and to put that new thinking into
action....

As we prepare for the future, we must think differently and develop
the kinds of forces and capabilities that can adapt quickly to new chal-
lenges and to unexpected circumstances. We must transform not only
the capabilities at our disposal, but also the way we think, the way
we train, the way we exercise and the way we fight. We must trans-
form not only our armed forces, but also the Department that serves
them by encouraging a culture of creativity and prudent risk-taking.
We must promote an entreprencurial approach to developing military
capabilities, one that encourages people to be proactive, not reactive,
and anticipates threats before they emerge.

—Donald H. Rumsfeld, “Secretary’s Foreword,” in U.S. Depart-
ment of Defense, Transformation Planning Guidance

Transformation has become the new buzzword within the U.S. Department of
Defense (DoD). In fact, the National Defense Authorization Act for fiscal year

—



2 m Sustaining the Military Enterprise

2005, Title VIIL, Subtitle F, requires the secretary of defense to provide the depart-
ment’s plans to increase the emphasis placed on lean manufacturing technologies
and processes in acquisition programs, and the potential for broader application of
such technologies and processes throughout the department—in particular, sus-
tainment. Sustainment, or depor maintenance activity, is defined here as the means
by which the military enterprise is enduring. It also is defined as the maintenance,
repair, and overhaul (MRO) practices that keep systems (the products of the enter-
prise) operating and up to date (new technology upgrades) throughout their entire
life cycle. Depot maintenance activity involves repairing, overhauling, and modi-
fying and upgrading defense systems and equipment. It also includes the limited
manufacture of parts, technical support, modifications, testing, and reclamation as
well as software maintenance.

In addition to the “war on terrorism,” an increased military operational tempo,
aging weapons systems, an aging workforce, limited financial resources, inade-
quate resource management, and the availability of new sustainment technolo-
gies are only some of the reasons why nearly every MRO depot has conducted a
study of its sustainment enterprise to become more efficient. Most of these studies
focus on individual elements of this system, such as transforming a turbine engine
blade shop using lean principles and cellular nanufacturing concepts, or institut-
ing a purchasing and supply-chain management (PSCM) initiative. However, to
more effectively solve the sustainment problem, research should be conducted on
the whole enterprise, from raw-material suppliers to delivery of the repaired/over-
hauled system.

This volume focuses on the tools and processes that management, product
development, systems engineering, and operational support teams should consider
in the design, development, operation, and improvement of their depot mainte-
nance systems that are cost effective in all phases of the product’s life cycle, “from
cradle to grave.” The goal is to minimize non-value-added activities throughout the
entire sustainment enterprise.

To counter the challenges currently facing the sustainment system, military
maintenance, repair, and overhaul depots must implement an aggressive trans-
formation plan for the future. The DoD 2001 Quadrennial Defense Review has
described the need to reduce the logistics footprint, improve DoD global mobility,
and increase the reliability of DoD weapons systems. In addition, the new DoD
Defense Acquisition Management series directive 5000.1 (Defense Acquisition Sys-
tem) and instruction 5000.2 (Operation of the Defense Acquisition System) are
oriented toward achieving these objectives while also reducing the time required for
development and deployment of needed war-fighter capability through implemen-
tation of evolutionary acquisition strategies and spiral development processes. The
goal of all these directives is to achieve a quantum leap in sustainability through-
put and efficiency by transforming depot workload and processes into those of a
“best in class” facility using best practices, process improvement initiatives, and
advanced manufacturing/sustainment processes and layouts.
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A question arises as to whether to transform the entire enterprise (either
the entire depot or each strategic business unit) all at once or to incrementally
repair one cell at a time. This volume contributes to the question by defining and
describing a lean enterprise architecture for the transformation of the entire MRO
enterprise. Three disciplines guide the design: the application of current process
improvement initiatives in the transformation, enterprise architecture, and sys-
tems engineering concepts.

Professionals involved in sustainment need a parallel set of skills and tools.
One set should focus on the management aspects of the integration of the support
elements and the sustainment issues with other program management functions.
The other set should focus on the engineering aspects of sustainment. To date,
no condensed, practical, and user-oriented text has been available to meet these
two needs. To address this void, the author has researched new approaches specifi-
cally designed for the problems currently facing the sustainment community. These
papers provide the essential technical skills, methods, and tools needed to imple-
ment many new strategies and principles that are required in order to effectively
sustain the military enterprise and the products created by that enterprise. The
present volume is the result of these efforts.

1.1 Introduction

Since 1990, the DoD has reduced its budget by 29 percent. This reduction has
greatly impacted weapons system acquisition and in-service support (Cordesman
2000). Reduced budgets have forced the branches of the military to extend the life
of current legacy systems with significant reductions in acquisition of replacement
systems. In addition, current weapons systems are faced with escalating operations
and maintenance costs. These sustainment costs are due to

B Increased operational tempo

B Increased mean time between maintenance cycles due to increased opera-
tional requirements

B Increased life extension of existing weapons systems due to delays in new-
system acquisition

B Unforeseen support problems associated with aging weapons systems

B Material shortages because of diminishing manufacturing resources and
technological obsolescence

B An aging MRO workforce, one-third of which is eligible for retirement in the
next five years

B The development and introduction of new sustainment technologies, such as
advanced systems electronics and failure detection

B Reduction of the organic infrastructure due to base realignment and closure

B Insufficient investment in the current plant and equipment
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As sustainment costs increase, there is less funding available to procure replace-

ment systems. An analysis conducted by the DoD (Gansler 1999) has concluded

that unless mission requirements and the operational tempo are reduced or there
are significant increases in the budget, the operational maintenance cost portions
of the budget will equal the total current (net present value) budgets by the year

2024 (see fig. 1.1). This chain of events has been illustrated and characterized

in figure 1.2 as the “DoD death spiral.” To waive off this death spiral, the DoD
must find innovative solutions to support legacy systems that are cost effective and
flexible. The DoD must economically manage these system life cycles in order to
address obsolescence and modernization issues without degrading readiness, cost,

and performance objectives.
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Figure 1.1. The DoD Budget Profile (from Gansler 1999).
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Figure 1.2 The DoD “Death Spiral” (from Gansler 1999).
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Along with DoD budgets, the defense industry sector has shrunk dramatically.
In order to effectively compete in a significantly smaller market, the industry has
seen a large number of corporate mergers. With the restructuring of the new indus-
try base, many of the supply chain networks no longer exist. Second- and third-tier
supply-chain businesses have gone out of production. The defense industry sector is
changing, and their associated supply-chain network is eroding rapidly.

With over 60 percent of the total aircraft system life cycle cost associated with
operations and aircraft maintenance, and as aircraft systems age, there is great
opportunity to optimize sustainment costs (Blanchard and Fabrycky 1998). With
some degree of success, industry and government partnerships have been formed to
attempt to address these issues. Examples include agile combat support (Eady and
Williams 1997), flexible sustainment (Performance-Based Business Environment
1997), the U.S. Army’s Modernization through Spares program (Kros 1999), the
Lean Acrospace Initiative,' and the Lean Sustainment Initiative.? These initiatives
focus on three primary areas:

1. Modernization through commercial off-the-shelf technology solutions (“tech-
nology refreshment” and “technology insertion”)

2. Manufacturing, production, and logistics methods (the “just in time,” lean,
and agile initiatives).

3. Modernization of the industrial base (the flexible manufacturing system, mate-
rial resource planning systems, and advanced manufacturing technologies).

However, these initiatives focus on individual elements of the sustainment sys-
tem, not the whole enterprise; thus, the question arises, are these efforts coordi-
nated? Organizations have the mind-set that if it was not invented here it has no
value. Therefore, the results of independent efforts often are not used by organiza-
tions other than those that are the target of the investigation. These projects over-
lap, and in many cases multiple initiatives are conducted on the same research areas
(Warren 1998).

The forces depend upon a highly responsive sustainment system to ensure that
well-maintained equipment is ready and available to the warfighter. The variance
in the demand for these resources places an increased responsibility on the depots.
Existing depot maintenance production methodologies need to be made more flex-
ible to meet these varying demand requirements. However, the supporting facility
infrastructure, equipment, processes, and personnel are operating with less-than-
optimal flow processes, facility constraints, and outdated equipment. Current
batch-and-queue methods of production are task oriented and functionally isolated
(Sharma and Moody 2001). Current systems are designed and arranged as separate
elements, which results in excessive travel time and distance for parts. Past per-
formance-improvement efforts were concerned with the process, not the product.
There is a big distinction between process flow and product flow. Process flow was
instituted to ensure that each process was operated efficiently without regard to end
item support to the customer. The process flow approach was deemed a mistake
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and, ultimately, expensive. In addition, some portion of the industrial processing
equipment is aging and is at the point of needing refurbishment or replacement.
The equipment is prone to excessive downtime due to long lead-supply items, out-
of-business contractors, and obsolete parts.

To effectively respond to this increased, yet unpredictable, demand for mission-
ready resources, the depots must confront the challenges with an aggressive trans-
formation plan for the complete industrial complex and processes. The focus should
be on increasing throughput and customer support, with the additional benefits of
reducing flow time, and increasing available capacity and labor productivity, so that
the depot can achieve more productive work. The transformation entails changes
in repair processes, material support, financial accounting systems, and manage-
ment mind-set. The industrial space needs to be transformed to function with com-
mercial efficiencies through the use of process improvement initiatives like lean
manufacturing (Lamming 1993; Liker 1997; Womack and Jones 1996; Maskell
2003). Recent U.S. Air Force initiatives, such as the Air Force Materiel Command’s
depot maintenance transformation and PSCM, have already adopted commercially
proven lean MRO transformation methodologies and practices. These methods
and practices facilitate increased capacity, higher quality, and higher productivity
while simultaneously reducing inventory and costs (Liker 1997). Also applicable to
the transformation effort are the principles of cellular manufacturing (Levasseur,
Helms, and Zink 1995; Mungwattana 2000; Sekine 1992; Singh and Rajamaani
1996). The integration of people, machines, and the control and manufacturing
processes that bind them together within “cells” reduces cost, material scrap, work-
force requirements, lead times, reworking, and flow times, and it optimizes the
use of floor space. Such changes must be foundational and fundamental to the
way depots conduct business. Limited resources and significant cultural changes
compound the transformation process. Further, the necessity to provide continuing
support to operations throughout the transition process increases the challenge.

Lean enterprise engineering and cellular manufacturing, particulatly in a large
depot organization, is a complex task that requires a critical balance be maintained
within four major areas during all stages of transformation:

1. The lean and cellular MRO strategy

2. An infrastructure that supports a lean/cellular operation

3. Change management: a symbiotic relationship between the decision-making
personnel and the operating personnel to establish ownership of lean goals
and the responsibility of the government to provide additional education and
training required to effect change.

4. Continued support of the MRO requirements during the transformation

These interrelated functional areas are key to a transformation, from concep-
tualization through acquisition planning and integration, and on into the support
phase of the implementation.
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The transformation also requires an architecture that portrays the overall “flow”
of the action phases necessary to initiate, sustain, and continuously refine the enter-
prise transformation that would result in the implementation of the lean/cellular
principles and practices (Brown 2000). Should this architecture be enterprisewide?
Or, should the architecture support an incremental, cell-by-cell, transformation?

1.2 Characterization of the Current
Military Sustainment System

The DoD depot maintenance program was at its peak in 1987 in terms of workload,
people, and facilities. It has changed significantly since then. The primary event
that framed these changes and put certain key actions into motion was the end of
the Cold War and the associated force-structure downsizing. A number of other
diverse but interrelated factors—such as threat changes, new war fighting plans,
and changes in maintenance concepts—influenced defense downsizing., With these
change agents in the works, the DoD began restructuring its depot maintenance
program. This restructuring primarily has been achieved through three series of
actions: (1) the base realignment and closure (BRAC) process, which was designed
to reduce the DoD’s infrastructure; (2) increased reliance on the private sector for
depot maintenance support; and (3) a major downsizing of depot maintenance per-
sonnel. Today, the DoD has a smaller depot structure (see fig. 1.3) with three Air
Force air logistics centers, five Army depots, two Marine Corps multicommodity
maintenance centers, three Navy aviation depots, four naval shipyards, one naval
surface warfare center in Indiana,® and the aerospace maintenance and regenera-
tion center in Arizona.*

Thus, as a result of the BRAC process, in 2001, 19 of the 38 public-sector main-
tenance depots that existed in 1987 remain in operation as government-owned and
-operated activities, primarily supporting DoD maintenance but with several diver-
sifying to also support commercial customers. Additionally, most of the remaining
military depots are smaller in size since 1987 as equipment has been consolidated
and facility footprints downsized. Some of the prior military facilities were priva-
tized, such as the San Antonio, Texas, air logistics center, and continue to function
with important maintenance activities. During the period 1987-2001, depot main-
tenance personnel have been reduced by 59 percent, the third highest percent of
any category of DoD civilian personnel (U.S. General Accounting Office 2001a).
Also, while the number of systems being maintained has declined since 1987, sys-
tem complexity and age have increased, thus increasing the amount of depot main-
tenance work required for many systems. For example, in 2001 the average amount
of time for a C-141 overhaul was about 9,200 hours, or one-third more than the
average amount of time in 1987.
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In terms of defense contractors, information is not available regarding the num-
ber of contractor facilities in which the tens of thousands of depot-level mainte-
nance contracts are being performed or the value of the equipment that is involved.
Increasingly, the DoD is contracting for a variety of logistics activities that may
include supply and weapons system support, engineering, configuration manage-
ment, maintenance, and a variety of other functions. As recommended in various
studies, the DoD has implemented a policy change placing increased reliance on
defense contractors for depot maintenance and related logistics activities. While no
central database provides reliable information about depot maintenance contract-
ing, contractors’ share of depot maintenance funding has increased by 90 percent
while the military depots’ share of funding has declined by 6 percent in the period
1987-2001 (U.S. General Accounting Office 2001a). Although workload produc-
tion data is not available for contract work, the military depots’ production hours
were down 64 percent during this period. This policy shift to the private sector has
most directly affected workloads for new and upgraded systems, because work on
these is largely going to the private sector.

In terms of the amount of money being spent on sustainment, depot mainte-
nance activities are funded through the Defense Working Capital Fund (DWCEF)
budget. The fiscal year 2006 DWCF budget was $112.1 billion, of which $58.8 bil-
lion was for supply management and $14.6 billion for depot maintenance activities
(shipyards; Navy aviation; and Air Force, Army, and Marine depots; Donnelley and
Proctor 2005). The depot maintenance program funds the overhaul, repair, and
maintenance of aircraft, missiles, ships, submarines, combat vehicles, and other
equipment.

The current military sustainment system is complex, but it can be characterized
in a simple way as comprising four major elements: supply support, intermediate/
depot maintenance and operational support, integrated logistic support, and the in-
service engineering process. This characterization, illustrated in figure 1.4, demon-
strates the necessary coordination among the various sustainment organizations.

Starting on the right side of figure 1.4, the supply support function consists of
the supply chain, the supply system, and the Government Industry Data Exchange
Program. The supply chain is comprised of the vendors (V) and suppliers (S) that
provide consumable materials and refurbishment services to the supply system and
depot. The item manager has overall responsibility for inventory management,
handled through inventory control points. Inventory locations are referenced as
designated stock points, which maintain spares and consumable inventories.

The intermediate and depot maintenance functions consist of those maintenance
organizations responsible for keeping weapons systems in a serviceable condition.
The designated overhaul point, also known as the organic military depot, performs
maintenance that includes servicing, inspection, test, adjustment and alignment,
removal, replacement, reinstallation, troubleshooting, calibration, repair, modifica-
tion, and overhaul of weapons systems and components (Blanchard, Verma, and
Peterson 1995; Jones 1995). Maintenance data and failure analysis are provided
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to the in-service engineering process. Intermediate maintenance organizations
provide operational support services at the customer’s base of operations. Depot
maintenance organizations perform MRO services to the weapons system and its
associated components. The depot procures consumable materials from the supply
system and commercial sources.

The integrated logistics support function on the far right of figure 1.4 is a com-
posite of all support considerations, including system design for sustainability and
the logistics infrastructure that is necessary to assure effective and economical sup-
port of a system throughout its existing life (Blanchard 1998). The primary objec-
tive is to achieve and maintain readiness objectives. Logistics include all of the
support elements necessary to sustain the weapons system, including such elements
as training and support; packaging, handling, storage, and transportation; and
computer resources and support.

The in-service engineering process, at the top of figure 1.4, is responsible for
maintaining the system configuration of the product and identifying postproduc-
tion support problems and product improvements associated with the operation,
maintenance, and integrated logistic support of all weapons system support ele-
ments. Other responsibilities include the evaluation, definition, and testing of
solutions to possible postproduction support problems using systems engineering
processes in an effective and expeditious manner to support required readiness
objectives for the remainder of a weapons system’s life cycle (INCOSE 1998).

To illustrate the inefficiency and complexity of the current military sustainment
system, figure 1.5 shows the system from the perspective of the distribution channel
and the supply chain. In that figure, the distribution channel on the left includes
the processes necessary to provide a ready-for-issue (RFI) spare part to the war
fighter, including the technical maintenance services provided by the maintenance
sustainment organizations. The supply channel on the right includes the processes
necessary to replenish the RFI stock inventory required to support the distribu-
tion channel. This process includes replenishing the consumables, the MRO of
RFI spares, and the associated lower-level supply-chain activities. Note that there
are seven levels for the distribution and supply chain. Another perspective of this
complexity is also illustrated in figure 1.6, which places the item manager in the
center of the complicated supply-channel and distribution-channel activity. Such a
model is good for the support of large, slowly changing platforms and systems, but
it possesses negative characteristics, such as:

It is a seven-tier sustainment system: there are too many links in the supply chain
It contains uncoupled processes

It has fragmented organizational structures

It possesses uncoordinated supplier and distribution channels

It is a push-oriented, not pull-oriented system, which violates one of the fun-
damental principles of lean sustainment

It is not responsive in today’s MRO environment
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Figure 1.6 Current Military Sustainment Distribution and Supply Channels.

The complexity of the channels in figures 1.5 and 1.6 indicate that there is an
opportunity to integrate many of the system functional elements to effectively meet
supply system and fleet requirements concurrently.

1.3 Analysis of the Current Military Sustainment System

One key measure of military sustainment performance is the availability of weap-
ons systems to carry out their missions. The high-level metric that is most often
tracked is the mission capable (MC) rate and its associated full mission capable
(FMC) rate. These rates are the percentage of time a weapons system can per-
form at least one (MC) or all (FMC) of its assigned missions. The U.S. General
Accounting Office (GAO) has examined key DoD aircraft MC and FMC rates,
and whether the respective services have been able to meet their MC and FMC
goals. What the GAO found was that the average annual MC and FMC rates for
fiscal years 1998-2002 was about 77-83 percent for the Army and the Air Force,
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Figure 1.7 Mission Capable (MC) Rates (from U.S. General Accounting Office
2003).
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Figure 1.8 Full Mission Capable (FMC) Rates (from U.S. General Accounting
Office 2003).

about 71-75 percent for the Marines; and 61-67 percent for the Navy (see fig. 1.7).
A similar pattern follows for the average FMC rates for the services (see fig. 1.8).
Average MC and FMC rates varied by service and type of aircraft. Among air-
craft types, the average MC rates varied from 60 to 80 percent. Average MC rates
were the highest for helicopters, followed by cargo aircraft and tankers, fighter/
attack aircraft, bombers, and electronic command/control aircraft (U.S. General
Accounting Office 2003).

The GAO also found that less than one-half of 49 key active-duty aircraft mod-
els that it had reviewed met their MC or FMC goals during fiscal years 1998-2002.
In most cases the actual rates reported above were at least 5 percentage points below
the goals. The difficulties in meeting the goals are caused by a complex combina-
tion of logistical and operational factors. One big factor is the age of the weapons
systems. For example, the average military aircraft age is 21 years, which, of course,
varies considerably by platform (see table 1.1; Michaels 2004).

As these systems age, spare-parts shortages adversely affect the performance of
assigned missions (MC and FMC rates) and the economy and efficiency of mainte-
nance activities. For instance, table 1.2 shows the reported rates for U.S. Air Force
aircraft that were mission capable and those that were not mission capable due to
the shortage of spare parts to repair them.
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Table 1.1 Aircraft Age

Aircraft Age (in Years)
lB-52 Bomber 41 l
KC-135 Refueling Tanker 40
C-5 Transport 35
UH-1 Helicopter 31
C-130 Transport 25
F-16 Fighter 13
NH-90 Helicopter 5

Table 1.2 Reported Rates for Aircraft that Were Mission Capable
and Not Mission Capable

Aircraft Reported as
Aircraft Reported as Not Mission Capable
Mission Capable Due to Supply Problems
Fiscal Year (Percent) (Percent)
1996 78.5 11.0
1997 76.6 12.6
1998 74.3 13.9
1999 735 14.0
2000 72.9 14.3
2001 (1st Quarter) 72.9 14.0

Source: U.S. General Accounting Office 2001a.

Spare-parts shortages are pervasive throughout the military sustainment system.
The majority of reasons cited by item managers at the maintenance facilities for
spare-parts shortages were most often related to more spares being required than were
anticipated by the inventory management system and delays in the Air Force’s repair
process as a result of the consolidation of repair facilities. Other reasons included
(1) difficulties with producing or repairing parts, (2) reliability of spare parts, and
(3) contracting issues. For example, the anticipated quarterly demand for a machine
bolt for the F-100-220 engine was 828, but actual demand turned out to be over
12,000. As a result, some F-100-220 engines were not mission capable because they
were waiting for more bolts to be obtained. In another case, a contractor produced
sufficient quantities of a visor seal assembly for the C-5, but the parts failed to meet
design tolerances. As a result of this production problem, demands for this part
could not be met for the Air Force (U.S. General Accounting Office June 2001b).
Similar results are reported for the Navy (GAO July 2001c). The Army reports that
the fact that actual demands for parts were often greater than anticipated, delays in



