A SOCIO-TECHNICAL STUDY OF LEAN MANUFACTURING
DEPLOYMENT IN THE REMANUFACTURING CONTEXT

by

Robert J. Kucner

A dissertation submitted in partial fulfillment
of the requirements for the degree of
Doctor of Philosophy
(Industrial and Operations Engineering)
in The University of Michigan
2008

Doctoral Committee:

Professor Jeffrey K. Liker, Co-Chair

Professor Lawrence M. Seiford, Co-Chair

Professor R. Van Harrison

Assistant Professor Y oung K. Ro, University of Michigan - Dearborn



Robert J. Kucner
2008

All rights reserved



DEDICATION

To Mom and Dad,
my most consistent friends and cheerleaders,

| could not have done this without your support.



ACKNOWLEDGMENTS

| would like to express my deepest and most sincere appreciation to Professor Jeffrey
Liker. | have learned so much from you over the years; about the Toyota Way, lean
manufacturing, writing a dissertation, and about life. Y ou have provided such support, |

could never have imagined more from a student/mentor/advisor relationship.

Special thanks to the entire Liker family; to Deb, Emma, and Jesse. Thank you for taking
mein as abig brother and supporting me over these last few years, | can never repay your

kindness.

To Kevin McCoy and Mike Degjardins; this research would not have been possible
without your vision, energy, and support. Thank you so much for taking a chance on a

young kid, | hope | have made you proud.

To Professor Larry Seiford, thank you for the support you have given me at each step of

the process. We arrived in Michigan at the same time and | have thoroughly enjoyed my

time in the department.



To Professor Van Harrison, thank you for supporting the final push towards my defense.
| have enjoyed getting to know you and am very appreciative the assistance you gave in

editing my final dissertation.

To Professor Young Ro, thank you for serving on my committee. Y ou were there at the
beginning and we have had the chance to share many great experiences. | remember with
great fondness the research we conducted in my first semester at Michigan and the

semesters we taught together.

To Dave Greemore, Kurt Doehnert, Brian McGinnis, Jim Brice, Joe Freda, Bob Winton,
Audrey Burman, Harvey Horn, Ed Quinney, Mike Viger, Michelle Tibke, John Barrett,
Reid Nagao, Dave Stock, Jeremy Baird, and my entire Navy family. Thank you for al
your support, insights, and friendly “encouragement.” The work you are doing is so very

important to our nation; best of luck to you all!

To Phil Gouel and David Kaufman, thank you for making this fun. Y our friendship

during the best and worst moments of the last seven years was aways appreciated. | was

blessed to have such great friends and roommates.

To my lifelong friends. Aaron, Brent, Sam, Jeff, Meghan; | am so very blessed.

Finally, and most especialy | would like to thank my family; | love you all so much.

Mom and Dad for always being so solid and supportive of everything | have ever



attempted. Laurie for aways setting the pace and being my role model. Steven for
aways including me and supporting me at every effort. Dan and Syndy, for always being
there when | needed advice. J.T, Carolyn, Katie, and Alyson, for all your unselfish love,

for al the hugs and kisses, and for bringing such happiness to our family.



TABLE OF CONTENTS

DED I CATION . L. ittt e et et e et e e e e e e et e e et e e e i
ACKNOWLEDGEMENTS. ..ottt et et e e et e e e e e e e e eeeae s iii
LIST OF FIGURES. ... .ottt e e e e e et e e e e e e n e viii
CHAPTER 1: A SOCIO-TECHNICAL STUDY OF LEAN MANUFACTURING
DEPLOYMENT IN THE REMANUFACTURING CONTEXT............ 1
9100 [FTox 1 o o A |
RESEArCh ODJECHIVES. .. .. e e e e e e e e aaas 3
Research Methods.... .5
Introduction to Remanufacturlng P
Introduction to Lean Manufacturlng ..................................................... 17
CHAPTER 2: LEAN REMANUFACTURING: ADAPTING LEAN TOOLS AND
TECHNIQUES TO THE REMANUFACTURING CONTEXT........ 22
Introduction.. e e e aaaen 22
Introduction to Lean Remanufactun ng ................................................. 25
A Contingency Theory Approach to Understanding Leanin a
Remanufacturing Context.. ...33
Contingency Analysis of the Lean Paradlgm .. 37
Research Methods... 50
L ean Remanufacturi ng Case Stud|$ .................................................... 52
Lean Remanufacturing Case Study DiSCUSSION. .........ocvuiiiiieiiein e, 82
CIM Remanufacturing Conceptual ANalysSiS..........ovvveiiiiie e 95
CIM Remanufacturing Conceptual AnalysiSDISCUSSION.......cccovvueeneannann. 97
Conclusions... : . 105
AcademlcContrlbutlons S [0
FUIUIE RESBAICN. .. ... e e e e e e e e 110

Vi



CHAPTER 3: COMPARATIVE CASES OF LEAN MANUFACTURING
DEPLOYMENT: ORGANIC VERSUS

MECHANISTIC APPROACHES.........cci i, 112
Introduction.. .. 112
Research Methodology PP B 16}
TheoretiCal DISCUSSION. .. ...uiu ettt e e et e e e e eass 118
Case Study Analysis— A Tale of Two Shipyards............cooveiiviiiiiiiinennnnn. 132
Case StUAY DiSCUSSION. .. ... v v e e et e e e e et e e e e e eeaes 163
Conclusions... .. L 177
AcademlcContrlbutlons P £ X |
FULUrE RESEAICN. .. .. e 182

CHAPTER 4: DEVELOPING A LEAN BUREAUCRACY: ENABLING VERSUS
COERCIVE TRANSFORMATION FROM AN ORGANIZATIONAL

LIFECYCLEPERSPECTIVE......cci i 183
Introduction.. ... 183
ReeearchMethodoIogy evieiienee.... 188
Theoretical Discussion — Developl ng aLean Bureaucracy in the
Extended ENterpriSe.......oe et e 191
Case Study — Lean Deployment at REMAN...........coovviiiiiiiie i, 228
CaseStudyAnalyss 246
Conclusions.. : oo 263
AcademlcContrlbutlons e e e e e 203
FULUr@ RESBAICN. .. .. e e e e e e 274

CHAPTER 5: CONCLUSIONS AND FUTURE RESEARCH..............cccvvvvvveen.. 275
Lean Remanufacturing: Adapting Lean Tools and Techniques to the
Remanufacturing Context.. . cee. 275
Comparative Cases of Lean Manufacturl ng DepI oyment Organlc versus
MechanisticC APPIrOaCHES. .. ... vt e e e 278
Developing a Lean Bureaucracy: Enabling versus Coercive Transformation
from an Organizational Life Cycle Perspective.............cccovviviiniennn . 280
FUIUIE RESBAICN. .. ... e e e e e e e 283

Vil

285



LIST OF FIGURES

Figure 1.1 — Component Remanufacturing ProCESS. .. .......cooviiiiiiiie i e e 10
Figure 1.2 — Systems Remanufacturing Process.............coovvee i e 12
Figure 1.3—Vaueinthe Product Life CycCle..........ccovviiiiiiiii e, 13
Figure 1.4 — Remanufacturing as a Product/Service Hybrid.....................ooo il 15
Figure 1.5 - Component Manufacturing ProCeSS..........ovvvviie i i 17
Figure 1.6 — Waste Reduction MOdE! .............couiii i e 21
Figure 2.1 — Vaue and Non-Value in Component Remanufacturing........................ 27
Figure 2.2 — Common Examples of Waste in Remanufacturing.............................. 29
Figure 2.3 — ProduCt-ProCeSS MaLITX . ... ... cu e et e e et e e e e e 38
Figure 2.4 — Remanufacturing, an Immature Industry onthe PPM................cooenee. 40
Figure 2.5 — New PPM Efficiency Frontier created by Lean................c.ccoeevennnnn. 41
Figure 2.6 — Lean Remanufacturingandthe PPM................ccccoiiiiinennn 42
Figure 2.7 — Characterization of the Remanufacturing Context.............................. 44
Figure 2.8 — Lean Methods in the Remanufacturing Context................ccooveiveennnn. 45
Figure 2.9 — The Toyota Production System “HOUSE” .........ccccviiiiiieie e e 46
Figure 2.10 — Research Methodologly ... .......covv i e e e 51
Figure 2.11 — Lean Methods Applied to Shipboard Component Remanufacturing........ 56
Figure 2.12 — Lean Methods Applied to Propulsion Shaft Remanufacturing...............62
Figure 2.13 — Lean Methods Applied to Large Vave Remanufacturing.................... 70
Figure 2.14 — Lean Methods Applied to Transponder Remanufacturing.................... 77
Figure 2.15 — PPM Impact of Lean Remanufacturing Implementation......................85
Figure 2.16 — Lean Methods for Developing Internal Process Stability..................... 88
Figure 2.17 — Lean Methods for Developing Just-In-Time Production...................... 91

viii



Figure 2.18 — Lean Methods for Developing Built-In-Quality...................co ool .94
Figure 2.19 — Mass, CIM, and Lean Large Vave Remanufacturing......................... 98
Figure 2.20 — New PPM Efficiency Frontier created by Leanand CIM.................... 102
Figure 2.21 — Organizational Design Characterization of Mass, CIM, and Lean.......... 103
Figure 2.22 — Traditional and Modern Methods of Production............................. 109
Figure 3.1 Research MethodolOgy ........ovv i e e e 117
Figure 3.2 Scope and Objective of Lean Deployment.................ccoevee e innennnn. 120
Figure 3.3 Depth of Experience with Socio-Technical Tools & Techniques............. 123
Figure 3.4 Breadth of Scope for Lean Deployment.............c.coceeviiiiiiin .. 126
Figure 3.5 Bureaucratization of Lean Deployment................ccccovviivvvnevnnenn ... 127
Figure 3.6 Key Organizational PrOCESSES. ........coviveii i ie e e e a2 129
Figure 3.7 Mechanistic Deployment as Concentric Circles...................c.ceeeveeet. 130
Figure 3.8 Organic Deployment as Spirals..........c.oovvevieviiiiiniii i e 131
Figure 3.9 Analysis of Big Ship & Small Ship in PhasesOneand Two................... 145
Figure 3.10 Analysis of Big Ship & Small Ship in Phases Threeand Four............... 157
Figure 3.11 Analysis of Big Ship & Small Ship in Phases Five and Six.................. 162
Figure 3.12 Big Ship & Small Ship as Mechanistic/Organic in

Six Phases of DePlOYMENt.........ouiieiie ettt re e ee e een. 164
Figure 3.13: Efficiency, Effectiveness, and Success at Big Ship and Small Ship........ 168
Figure 3.14 Benefits & Shortcomings of Mechanistic and Organic Deployment......... 170
Figure 3.15 Positive Relationship Between Technical and Cultural Change............. 174
Figure 3.16 Negative Relationship Between Technical and Cultural Change............ 175
Figure 3.17 Understanding Technical and Cultural Change Metaphors................... 176
Figure 4.1 Summary of Research Methods................coviiiiiiiiiiiccici e 190
Figure 4.2 Summary of Organizational Life Cycle Characteristics........................ 195
Figure 4.3 Purposeful Transition to an Elaboration Stage Organization................... 197
Figure 4.4 Organizational Life Cycles and Maslow’s Hierarchy of Needs................198
Figure 4.5 Summary of Enabling and Coercive Bureaucracy................ccccvven..... 200
Figure 4.6 Dimensions of BureaucratiC ANalySiS..........covviiriieiiiiiiieie e 202



Figure 4.7 Defining a“Lean” BUr€AUCIACY ... .. ... vuuiriitiie it e e eie e e eeaeenans 204
Figure 4.8 Life Cycle Metaphor for Lean Transformation................................... 208
Figure 4.9 Normative Model of the Phases of L ean Deployment in an Organization... 209

Figure 4.10 Summary of Enabling and Coercive Bureaucracy in

Implementation CONEEXT... ... e e e e e e ee e 215
Figure 4.11 Enabling and Coercive Deployment in Entrepreneurial Stage................ 218
Figure 4.12 Enabling and Coercive Deployment in Collectivity Stage..................... 221
Figure 4.13 Enabling and Coercive Deployment in Formalization Stage.................. 224
Figure 4.14 Enabling and Coercive Deployment in Elaboration Stage..................... 227
Figure 4.15 Intended and Unintended Consequences of Organizational Change......... 231
Figure 4.16 Intended and Actual Outcomes in Stage One Lean Deployment............. 236
Figure 4.17 Intended and Actual Outcomesin Stage Two Lean Deployment............ 240
Figure 4.18 Intended and Actual Outcomesin Stage Three Lean Deployment.......... 245
Figure 4.19 Enabling/Coercive Characterization at EarlyAdopter and LateToTheParty 248
Figure 4.20 Degree of Enabling Deployment Characteristics...............ooevvvevnne..... 258
Figure 4.21 Degree of Coercive Deployment Characteristics................oocvveennen.... 259
Figure 4.22 Intended and Unintended Consequences of Lean Deployment :

Path t0 COEICIVE BUIGAUCTACY ... ... et e et e et e e e e e 261
Figure 4.23 Typology of Lean Deployment...........coovuieiie i e 271



ABSTRACT

Remanufacturing, the process of restoring used material goods to like-new condition, has
been lauded as “the next great opportunity for boosting U.S. productivity” and “the
ultimate form of recycling” asit creates multiple iterations of the product lifecycle. Yet,
remanufacturing has remained largely untouched by technology, productivity, and quality
advances of the last thirty-years. Lean manufacturing, the principles, practices, and
philosophies based on the real-life model of the Toyota Production System (TPS), has
been benchmarked worldwide for the production efficienciesit creates through
empowering workers to eliminate wasted time, material, and other resources. Yet, lean
remanufacturing, the marriage of lifecycle efficiency and production process efficiency,
has remained alargely untapped opportunity. This dissertation is a socio-technical study

of lean manufacturing applications and deployment within the remanufacturing context.

First, the application of lean production tools and techniques are examined in four unique
contexts of the remanufacturing industry. The organizational contingency design model
of the product-process matrix is used to bridge the gap between manufacturing theory and
remanufacturing application. In each case study, lean methods are applied with
significant benefits to operations. It is recognized that |ean methods must be adapted to
fit the context in which they are applied. High-variability and low-variability

applications of lean methods are identified for remanufacturing context.

Xi



Second, the methodology by which lean production is deployed within asingle
remanufacturing organization is examined. Two approaches are identified: (1) a
mechanistic approach, prescribing widespread deployment, rigid organizational training,
and infrastructure and (2) an organic approach, emphasizing focused deployment,
organizational learning, and evolution of improvement initiatives. Ultimately, successful

deployment must blend organic and mechanistic implementation.

Finally, the deployment of lean production throughout a large geographically diverse
extended enterprise is considered. Theories of organizational life cycle growth and
development are examined and integrated with theories of enabling and coercive
deployment. Theresult is agreater understanding of mechanisms by which an
organization can become subject to an internal deployment that is coercive, inhibiting

true lean transformation, or one that is enabling, promoting true lean transformations.

This dissertation is useful to an organization implementing lean methods in any

environment or context.
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CHAPTER 1
A SOCIO-TECHNICAL STUDY OF LEAN MANUFACTURING

DEPLOYMENT IN THE REMANUFACTURING CONTEXT

INTRODUCTION
The 20™ century saw tremendous wealth created in the United States as American
industry transformed vast raw materials into finished goods to be consumed domestically
and shipped to lesser industrialized nations around the world. The dawn of the 21
century presents avery different global economic landscape as some of the world’ s most
popul ous nations undergo rapid industrialization. Global competition to American
manufacturing has arisen in nearly every industry. Raw materials goods, such as oil, iron,
steel, copper, and plastics have seen a dramatic rise in both price and scarcity as they
have experienced a significant spike in global demand. And the environment,
particularly the emphasis on devel oping a sustainable environment, is at the forefront of
socia conscience in many advanced nations. This dramatic increase in scarcity of raw
materials and increased emphasis on environmental responsibility places tremendous
importance on the ways in which society reuses, recycles, and remanufactures material

goods.



Remanufacturing, the process of restoring used material goods to like-new condition, has
been lauded as “the next great opportunity for boosting U.S. productivity.” (Giuntini and
Gaudette, 2003) It re-introduces a product to the marketplace in “like new” condition at
costs typically 40 to 65 percent less than original equipment manufacturing (OEM), and
can retain up to 95% of both the material and geometric (shape) value of a used product.

(EPA, 1997; Bras and Mclntosh, 1999)

Remanufacturing has been termed “the ultimate form of recycling” for the way in which
it prevents large industrial products and equipment from going to alandfill, and the way
it requires only about 15 percent of the energy to produce a part as compared to an OEM
process. (EPA, 1997) From asocietal perspective, remanufacturing could represent an
opportunity for significant job creation in the U.S. asit is alabor intensive industry with
tremendous efficiencies in logistics to be gained through production occurring near
markets of consumption. Germany is perhaps the world’s most aggressive nation in
promoting remanufacturing, as each year a certain percentage of automobiles sold must
be remanufactured, and by 2015 only 5 percent of a used automobile may be discarded in
landfills. (Giuntini and Gaudette, 2003) Y et, despite wide-ranging benefits and
opportunities, remanufacturing has remained largely untouched by technology,

productivity, and quality advancements of the last thirty-years. (Lund, 1996)

Lean Manufacturing, the production processes, tools, and techniques inspired by the real-
life model of the Toyota Production System has been benchmarked worldwide for its

ability to do “more with less’ through efficient utilization of all resourcesin



manufacturing (manpower, material, energy, machinery and equipment). (Womack,
Jones, and Roos, 1990) Toyota' s production system has proven to be a successful
paradigm shift from traditional mass production in methods of production for mass
markets. Lean production, with its primary focus on the elimination of eight production
wastes (overproduction, overprocessing, waiting, excess transportation, excess motion,
excess inventory, unnecessary movement, defects, and unused employee creativity) has
been applied successfully in non-automotive industries such as job shop manufacturing,
service organizations, supply chain management, home construction, and government

agencies. (Liker, 2004; Womack and Jones, 1996; Ohno, 1978).

RESEARCH OBJECTIVES
Remanufacturing is benchmarked for its efficient creation of value in the product life
cycle. Lean manufacturing is benchmarked for its efficient creation of valuein OEM

operations. The marriage of these techniques, |ean remanufacturing, represents an

opportunity to increase process efficiencies in the remanufacturing industry. An increase
ininternal efficiency would create broader opportunities for remanufacture, and result in
apotentially far reaching economic, environmental, and societal impact. The primary
objective of this research isto better understand the opportunities, challenges, and
methodol ogies by which lean production tools and techniques can be successfully applied

in the remanufacturing context.

In order to achieve this research objective, lean remanufacturing application is considered

from both a social and technical perspective, aswell as at three distinct levels of analysis



within the organization, each representing a chapter of this dissertation: single process,
single production facility, and extended enterprise. A summary of lean remanufacturing
research sub-objectives, at each of the three levels of analysis are:

e | ean remanufacturing within asingle process: In chapter two, the research

sub-objective is to better understand the appropriate technical design of lean
manufacturing tools and techniques in the remanufacturing context. This
study seeksto de-mystify the question of if whether concepts of lean
manufacturing apply in the remanufacturing context. Remanufacturing, lean
manufacturing, and lean remanufacturing are all placed within a popular
organizational design contingency model to bridge their contextua gap.
Additionally, the application of computer integrated manufacturing (CIM) is
compared and contrasted with lean methods in the remanufacturing context.

e | ean remanufacturing within a single facility/factory: In chapter three, the

research sub-objective is to better understand the methodology by which lean
remanufacturing is appropriately deployed within the remanufacturing context.
This study builds upon the research of chapter two to answer the fundamental
guestion of “where do | begin?’ once the technical design of lean
remanufacturing is understood. This study develops aroadmap for successful
lean deployment within asingle facility, giving appropriate emphasis to the
social considerations of organizational change.

e | ean remanufacturing within an extended enterprise: In chapter four, the

research sub-objective is to better understand the phenomenon by which a

large and complex organization is transformed (or not) through deployment of



lean production. The life cycle of anormative lean transformation is
examined, as well as the impact an enabling or coercive deployment of lean

production can have on the success or failure of that transformation.

The linked results across the three levels of organizational analysis provide a
comprehensive answer to the primary research question: what are the opportunities,
challenges, and methodol ogies for applying lean production to the remanufacturing

context?

RESEARCH METHODS
This dissertation is the compilation of six years embedded research within REMAN, a
large multi-divisional U.S. organization that repairs naval ships and their associated
components. The researcher was first introduced to remanufacturing in 2002 while
working as asummer intern at alarge REMAN naval ship remanufacturing depot. At
that time, REMAN was in the initial stages of what became avery large and successful
deployment of lean production throughout their extended enterprise. The particular
remanufacturing depot hired the researcher to assist in the initial deployment of lean
manufacturing tools and techniques. The context for applying lean manufacturing
principles to remanufacturing was unlike anything the researcher had previously seen or
experienced. A literature search found no previously significant application of lean
manufacturing tools and techniques to the remanufacturing industry. At that time, this

dissertation was conceived.



The three levels of analysis parallel the researcher’ s journey through lean
remanufacturing. Thefirst few years were spent on the production shop floor, learning
the applications of lean methods in remanufacturing. Thiswas a highly evolutionary
period of discovery and learning within all areas of REMAN |ean remanufacturing. The
researcher led many shop-floor lean initiatives in a variety of remanufacturing contexts
and was considered an internal expert within the organization on lean production and was
able to advance persona and organizational understanding through participant
observation. The lessons learned during this period form the theory and case studies
presented in chapter two, “Lean Remanufacturing: Adapting Lean Tools and Techniques

to the Remanufacturing Context.”

Asthe maturation of lean grew within REMAN, the researcher became more engaged in
manageria and strategic planning functions of the lean deployment. At thistime, the
researcher had the opportunity to gain intimate knowledge of lean remanufacturing
efforts within six repair depots (totaling $5B annual business; products ranging from
helicopters to transport jets, small turbinesto naval ship hulls), aswell as a cursory
knowledge of ten additional public and private remanufacturing depots. A significant
technical knowledge of lean remanufacturing had been garnered by the organization at
this point, but significant questions arose as to the methodology for deploying such
technical lessons. It was during this period of learning that the researcher was introduced
to the two uniquely different methodol ogies of |ean deployment that are highlighted by
the case studies of “Big Ship” and “Little Ship.” This period of learning represented a

maturation of complexity for lean deployment within REMAN, the researcher, and this



dissertation, all of which culminated in chapter three: “ Comparative Cases of Lean

Manufacturing Deployment: Organic versus Mechanistic Approaches.”

After success as an implementer of lean remanufacturing at the production level and
strategic management at the facility level, the researcher was “ promoted” to a desk job at
REMAN divisional headquartersto act as a program manager for the lean
remanufacturing efforts within a large division of the enterprise. Corporate program
management of lean deployment was a tremendous challenge as |ean production learned
on the shop floor came in direct contact with bureaucratic corporate directives, policy
deployment plans, point papers, and cost-reduction reports. Despite al the best
intentions to create positive transformation, among senior managers lean was not well
understood, and endorsement of lean transformation was seen as a method to gain favor
politically as much as it was a paradigm of process improvement. The researcher spent
two years observing lean production within REMAN from this corporate perspective,
which significantly influenced chapter four: “Developing a Lean Bureaucracy: Enabling

versus Coercive Transformation from an Organizational Life Cycle Perspective.”

INTRODUCTION TO REMANUFACTURING
This section introduces the remanufacturing market, the remanufacturing process, value
in the product life cycle, and key differences between manufacturing and

remanufacturing.



The remanufacturing market in the U.S. alone has been estimated to be $53 hillion in
annual sales, with direct employment of 480,000 personnel. The Department of Defense
isthe largest sector, spending $10 billion annually on remanufacturing; followed closely
by transportation ($8 billion), automotive/light truck ($6 billion), and electric generation
($3 hillion). (Giuntini and Gaudette, 2003) In recent years, remanufacturing has grown
significantly in the United States, offering an alternative to landfill disposal of used
products, bringing high-quality used products to market at cheaper costs with less energy,

and lowering demand of increasingly rare raw materials such as precious metals.

Products that are remanufactured will typically share the characteristics of: (1) a non-
consumable core, (2) slow product obsolescence, (3) amarket for remanufactured
products, and (4) an available supply of cores. (Lund, 1984) A component’s*“core’ is
typically the central piece of product geometry, the “guts’ of aproduct. In many
instances, a product’s core is made of a solid long-lasting material and will not wear out
as quickly as its sub-components, software, or other materials. An example of a product
core would be the body of an electric motor or an airplane fuselage. Many
remanufactured products are quite expensive, such as military assets or airplanes,
resulting in a closed-loop market for product re-use through remanufacturing. For lesser
priced goods, such as automotive part and printer cartridges, financial incentives are often
given to the consumer for remanufacturing a product as opposed to disposal, enabling a

profitable market for remanufactured products.



While many companies have established themsel ves as after-market suppliers of
remanufactured goods, remanufacturing is quickly becoming an integral part of a
lifecycle product ownership business strategy for many companies, as industrial giants
such as General Electric and Boeing offer integrated manufacturing and life cycle
maintenance packages to customers of their power turbines and aircraft, respectively.
Lifecycle support becomes increasingly popular as OEM’s are able to take advantage of
concepts such as “Design for Life Cycle Maintenance” to both decrease life cycle costs to
the final customer and for OEM’ s to recognize recurring profits from sales of large
equipment through contractually planned and unplanned maintenance. (Amezquita, et al.,

1995)

The Remanufacturing Process:
Remanufacturing will occur at one of two fundamental levels, those of component

remanufacturing and system remanufacturing. A component remanufacturing process,

the most fundamental level, isillustrated in Figure 1.1. A remanufacturing process can
be initially triggered in one of two ways: the customer relinguishes possession of a
specific product to the remanufacturing organization (closed-loop cycle, in which case
they will wait to receive the same product in return), or the remanufacturing organization
may take possession of a standard core asset for processing to an unknown customer
(open-loop cycle). Both forms of customer-supplier relations are common and are

typically dictated by norms of the industry.



AN‘ Component Customer
Evaluation _ Teardown < Ownership

Component Repair
and Replacement

(Dependent)
Instructions
Material

Purchasing

A 4 A 4
Re-Assembly Process [—> Testing

Customer
Ownership

Figure 1.1 — Component Remanufacturing Process

Upon receipt of the core asset, the remanufacturing agent will disassemble the component
(to the degree technically necessary) to determine the status of all critical surfaces and
pieces. During component evaluation, the coreis closely examined for deterioration or
wear and all smaller pieces are evaluated for re-use. Often smaller, less expensive parts
(nuts/bolts/o-rings), or parts with short obsolescence cycles (electronics) will be pre-
determined for automatic replacement, regardless of condition. During the component
evaluation process, it is determined what pieces must be replaced, repaired, or
remanufactured. At this point the necessary material preparation and acquisition of
materials, tools, and technical instructions will take place such that the core and required
parts are prepared for re-assembly. Once all pieces resemble, in function if not form,

those provided by an OEM, the assembly and test processes are compl eted.

A particular challenge in the remanufacturing processis that processing required to repair

and replace parts may vary significantly, as a function of the components incoming
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condition. Incoming condition may be impacted by a variety of factors, including age,
environment, usage, and regular maintenance. As aresult, the component evaluation
process brings inherent variability to the remanufacturing process. In the remanufacture
of some products, this variability can be so significant it is not economically reasonable
to remanufacture on alarge scale, or in some cases a high-percentage of returnable cores

are not eligible for remanufacture.

Remanufacture can aso be completed at a second, more sophisticated level, that of
systems remanufacturing. Systems remanufacturing differs from component
remanufacturing only in that a system must be disassembled to its necessary components
and sub-systems before material processing can occur, resulting in the potential for many
components and sub-systems for remanufacture. Systems remanufacturing isillustrated
in Figure 1.2, in which the system must be deconstructed and each component/sub-
system evaluated individually. An example is the difference between the remanufacture
of a single hydraulics pump (component manufacturing) and the remanufacture of a
hydraulics system on a Boeing 737 (system of components). Aswould be expected, the
complexity of aremanufacturing operation is greatly variable with respect to the number,
size, and intricacy of subsystems and components that must be evaluated and repaired or

replaced after evaluation.

11
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Figure 1.2 — Systems Remanufacturing Process

Creating Value in the Product Life Cycle through Remanufacturing:

As has been mentioned, remanufacturing is growing in popularity for avariety of

economic (new products at alower cost, sustained value of product, life cycle

mai ntenance contracts), environmental (less waste in landfills), and societal (more jobs,
less dependence on rare raw materials) reasons. (Giuntini and Gaudette, 2003) To
illustrate the value created in the product life cycle through remanufacturing, Figure 1.3

identifies the relative “value” of aproduct at different stages of the product life cycle.

12



New Product

(OEM) New Product with OEM Capability

Repairable Product Worn/Repairable Product with OEM Capability

Raw Materials

(Recycle) Ra/Scrap Material Value

Component Core

(Remanufacture) Significant Geometric Value

Modernized Product
(Remanufactured and Modernize)

Like-New Product with Newest Capability

Material Disposal I: (Disposal/Decontamination Expense) |

Zero Value 100% OEM Value

Figure 1.3 —-Valuein the Product Life Cycle

Utilizing a newly manufactured product as a baseline, this represents 100% of the OEM
value. That same product, which is damaged yet repairable, would have a decreased
relative value in that it could be repaired and put back into service at arelatively minimal
cost. Recycling of scrap materials creates significantly lessrelative “value’ to repair or
remanufacture; recycling sacrifices all geometric value existing in a product, ultimately
requiring a significant processing investment to retain a useable commodity. In many
instances, material disposal, simply throwing a product away, has a negative value as
costs are associated with disposal and decontamination of product. Remanufacturing
offers anew set of options in the product lifecycle; a part which is damaged or worn
beyond repair has less relative value than a repairable product, however, it represents far
greater value than basic raw materials of recycling. In the event the component coreis

remanufactured, the resulting value is often higher than original manufacture, as the base
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component is typically restored to like new conditions, plus the latest materials,

technologies, and advanced capabilities may also be integrated into the product.

A common example of these conceptsin every day living would be in considering
disposal of aplastic water bottle. 1n 2004, the United States consumed approximately
154 hillion liters of bottled water, it is estimated that as much as 84-percent of these
bottles become garbage or litter. (Arnold and Larsen, 2006) A plastic water bottleisa
common consumer item which can be disposed of, recycled to raw materials, or
reprocessed (remanufactured) for re-use. Recycling would suggest the water bottleis
broken down into its fundamental materials and re-formed to make a new water bottle.
Remanufacturing suggests the water bottle can be safely cleaned and sanitized for reuse.
Disposal in alandfill takes up significant room, however, the bottle will likely biodegrade
within hundreds of years. Thisisasimple example of bottled water, but the same
example can be used for heavy machinery, military equipment, beer bottles, and many

other products.

In many cases, such as with plastic water bottles, the U.S. consumer is not price sensitive
to the point of desiring remanufactured goods, but it has been identified that almost 40-
percent of “recycled” water bottlesin the U.S. are shipped to China and other developing
nations for both reuse and disposal. (Arnold and Larsen, 2006) These nations are also
consuming large amounts of bottled water, by cleaning bottles (essentially

remanufacturing them), these nations are able to create a cheaper, and ultimately more
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environmentally friendly water bottle, thus creating jobs for the local economy

(processing bottles) and greater national wealth (less money spent on water bottles).

Understanding Key Differences between Remanufacturing and Manufacturing:

At a macro-level, the remanufacturing industry could best be termed as an industrial
hybrid between original equipment manufacturing and a service organization. Figure 1.4
illustrates many of the similarities and differences remanufacturing shares with both

manufacturing and service organizations.

Service Processes Remanufacturing Processes Manufacturing Processes

« Intangible output « Tangible output » Tangible output

« Quality is perceived and difficult to « Quality is directly measured « Quality is directly measured
measure

« High customer interaction « Moderate customer interaction » Low customer interaction

e Labor and Knowledge Intensive « Labor, knowledge, and capital Intensive » Capital asset-intensive

« Production and consumption take « Production and consumption take « Production can be inventoried for
place simultaneously place nearly simultaneously later consumption

« Site of facility is extremely important « Site of facility is extremely important « Site of facility is moderately important

« Rapid response time is usually » Rapid response time is usually » Longer response time is acceptable
necessary necessary

« Human element is very important * Human element is very important « Human element may be less important

Source: Service, Reichheld and Sasser, 1990; Manufacturing, Bowen, Siehl, Schneider., 1989.

Figure 1.4 — Remanufacturing as a Product/Service Hybrid

Remanufacturing is similar to a manufacturing process in that it has tangible outputs, is
capital asset-intensive (often requiring a large capital footprint), and quality of product
can be directly measured. However, remanufacturing differs from classic manufacturing
most significantly in the relationship between customer and supplier. In many instances,
as observed earlier in Figures 1.1 and 1.2, the trigger for a remanufacturing processis for

the customer to relinquish possession of the product to the remanufacturing organization.
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With this relationship between customer and supplier, rapid response time is very
important as production and consumption take place nearly simultaneoudly.
Remanufacturing also tends to be very labor and knowledge intensive, while not as
capital asset intensive as classic manufacturing. As observed in many instances,
tradesmen in the remanufacturing industry have advanced from earlier jobs as tradesman
in original manufacturing and possess a broader and higher skill set. In part due to the
skilled workforce, also due to work content, the human element of production is very
important in remanufacturing and less emphasis is typically placed on automation.
Finaly, due to the relationship between customer and supplier, a greater emphasis is
placed on the geographic location of operation; it is more important that remanufacturing

be located near customers for arapid product turnaround.

In considering differences between remanufacturing and manufacturing at a more
process-oriented level akey consideration is predictability of processing. A
manufacturing processisrelatively consistent and straightforward in that you acquire the
necessary resources (manpower, raw materials, and equipment), technical instruction, and
independently align them to customer demand. This may vary according to the
complexity of the product or specificity of customer requirements, but manufacturing
generaly lends itself towards a highly-predictable repetitive process, as shown below in

Figure 1.5.
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Materials

(Independent)
Customer Component , Component Customer
Demand Assembly Test Ownership
Instructions . . .-
(Independent) High Predictability!

Figure 1.5 - Component Manufacturing Process

Over the course of decades, |eading manufacturers like Toyota have been able to master
manufacturing processes to the point of appearing as an “industrial symphony of moving
parts and machinery” by continuously eliminating sources of variability in processing.
However, as was discussed earlier, in the case of remanufacturing, product and process
variability is naturally inherent as a function of the quality and condition of incoming
parts. Whereas manufacturing can optimize productivity for a dependable set of
operating conditions, remanufacturing organizations must be prepared to efficiently

process the expected, while effectively processing the unexpected.

INTRODUCTION TO LEAN MANUFACTURING
The Toyota Production System is the real-life model from which al understanding of
lean manufacturing originates. Lean will be introduced throughout this dissertation from
avariety of perspectives and contexts. Thisintroductory discussion isfocused on the
single most fundamental of being alean producer; the ability to produce with minimal

amounts of muda (Japanese word for waste.)
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Toyota’'s Vision — The Fundamentals of Lean Manufacturing:

The Machine that Changed the World (Womack, Jones, and Roos, 1990), a summary of a

worldwide benchmarking study of the automotive industry conducted at MIT’s
International Motor Vehicle Program (IMVP), introduced the concept of |ean production
as anew paradigm of manufacturing. This study identified the Toyota Motor company as
aworld-class manufacturer of automobiles for their product quality, production cycle
time, annual inventory turns, employee turnover rates, and overal efficiency. AnIMVP
researcher termed the organization as being “lean”, having the ability to do more with

less.

The term lean has become a popular corporate buzzword, associated with lowest cost,
highest quality, and shortest lead-time, al desirable outcomes for any organization. Y et
the most fundamental definition of alean production operation is: to create value to the

customer with little or no waste existing in operations. (Womack and Jones, 1996)

Waste is considered as the expenditure of any resource (time, money, material,
manpower, opportunity) that does not add direct value which a customer iswilling to pay
for. Waste, also termed non-value-added activity, has been characterized by Toyota
according to seven major types, with an eighth added later, they are:

e Overproduction; producing an item at an earlier time, or in greater quantity

than a customer desires to consume.
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Waiting (time on hand); workers, materials, machines, or other resources

sitting idle as another operation completes or asin waiting for material or
information.

Transportation; more than the minimum required movement of material goods
during processing and delivery to the customer.

Overprocessing or incorrect processing; producing a component which has

more value added than the customer desires to consume (overprocessing), or
does not meet customer defined requirements (incorrect processing).

Excess inventory; possessing more than the minimum required quantity of

parts or raw materials to meet customer desired consumption.

Unnecessary movement; more than the minimum required human movement

during processing and delivery to the consumer.
Defects; production of parts which do not meet set specifications for quality
and/or customer defined requirements, often resulting in corrective action.

Unused employee crestivity; lost ideas, skills, improvements, and learning

opportunities by not engaging or listening to employees.

One model used to illustrate Toyota s methodology of waste elimination is that of the

“Waste Reduction Model”, developed by Liker and Meier (2006), show in Figure 1.6.

This model illustrates the iterative process by which Toyota promotes waste reduction.

Beginning with the fundamental philosophy of waste elimination will lead an

organization to seek out continuous flow of value. Creating continuous flow of value

will have the effect of reducing lead time, a significant value unto itself, but more
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importantly it will allow the producer to begin looking at their production system as a set
of interdependent “connected processes.” These would be the remaining process steps
that can not be combined, condensed, or eliminated to produce continuous flow of value.
These interdependent processes shall be connected by pull systems, so asto maintain
minimal inventories and establish disciplined linkages between operations. Pull systems
can be created using the lean tools of kanban (inventory card system), supermarkets, and
first-in, first-out production lanes. Asaresult of disciplined adherence to pull system
parameters, and an effort to continually reduce the size of the pull system so asto more
closely approach a continuous flow system, problems (abnormalities) are clearly and
quickly identified and dealt with to maintain production. Asaresult of rapid and
disciplined problem solving, organizations are better able to both maintain production
(band aid fix) and conduct root cause analysis and correction, all of which will lead to

long-term waste reduction.
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Philosophy
Waste elimination

Principle

o Create continuous
process flow

Performance Measure

Reduced lead time

Strategy

Create interdependent
“connected” processes Result

‘ Waste is reduced
Method

Pull system

v

Reason

Lean Tools

Kanban, supermarkets, <=
defined FIFO lanes

Problems are surfaced
quickly and are critical

Control Method Effect
Utilize visual controls so that <= Problems must be
no problems are hidden corrected quickly

Figure 1.6 — Waste Reduction Model (Liker and Meier, 2006)

Moving forward with Research:
This chapter has introduced the research objective and research methods. It also provided
a background concerning both remanufacturing and lean manufacturing. Chapter two

examines the technical methods of lean production within the remanufacturing context.
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CHAPTER 2
LEAN REMANUFACTURING: ADAPTING LEAN TOOLSAND TECHNIQUES

TO THE REMANUFACTURING CONTEXT

INTRODUCTION
Remanufacturing, the process of restoring used material goods to like-new condition, isa
$53 Billion annual industry in the United States. Remanufacturing has been lauded as
“the next great opportunity for boosting U.S. productivity” (Giuntini and Gaudette, 2003)
and “the ultimate form of recycling” (EPA, 1997) asit creates multiple iterations of the
product lifecycle. Y et, remanufacturing, an industrial product-service hybrid, has
remained largely untouched by technology, productivity, and quality advances of the last
thirty-years. In that time, computer integrated manufacturing (CIM), lean manufacturing,
advanced mass production, and other techniques have significantly advanced original

equipment manufacturing (OEM) strategies, structure, and technology. (Lund, 1996)

L ean manufacturing, the principles, practices, and philosophies based on the real-life
model of the Toyota Production System (TPS), has been benchmarked worldwide for the
production efficiencies it creates through empowering workers to eliminate wasted time,

material, and other resources; al towards the goal of reducing lead time from customer

22



order to product delivery. (Liker, 2004) The creators of the term “lean” estimate
dramatic improvements of lean manufacturing over traditional mass production to
roughly %2 the human effort in the factory, %2 the manufacturing space, %2 the tool
investment, ¥z the engineering hours, and %2 the time to devel op new products as
compared with non-lean competitors (Womack and Jones, 1990). The benefits of lean
production have not been limited to the automotive industry. Lean has spurred improved
efficiency and growth across many diverse industries; including job shop manufacturing,
service organizations, supply chain management, home construction, and government

agencies. (Liker, 2002, 2004, 2008; Womack and Jones, 1996).

Y et, lean remanufacturing, the marriage of lifecycle efficiency and production process
efficiency, has remained alargely untapped opportunity. The remanufacturing process
(which fundamentally consists of product teardown, product eval uation, component
repair and replacement, assembly, and test) presents many unique processing challenges
compared to an original equipment manufacturing process. (Lund, 1984) A traditional
manufacturing process often is highly repetitive, allowing for areduction in process
variability through precise specification of standardized work, sequencing, process times,
and work in process, all supporting arequired takt (demand pace) time. In
manufacturing, variability is most commonly aresult of internal processing, whilein
remanufacturing variability is naturally inherent as a function of the incoming component
condition such as age, environment, usage, and regular maintenance. In asense, a
remanufactured component is like an engineered-to-order product with different

specifications and unique work content for each unit of production. The inherent
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differences of each unit complicate the application of lean manufacturing tools and

techniques to remanufacturing.

This chapter examines the challenges, opportunities, and methods, for successful
application of lean production tools and techniques within the remanufacturing context.
Thisis done through a combination of adapting theories of technical system design and of
real-world case studies in which lean methods were implemented in a remanufacturing
context. Lean production is commonly recognized as being socio-technical in nature, in
that successful deployment of tools and techniques must be both socially (cultural) and
technically (process) oriented. Later chapters of this dissertation focus on the application
of lean as a socio-technical system to remanufacturing. This chapter sets the stage by
focusing primarily on the technical challenges of developing lean solutionsin a

remanufacturing context.

The introductory chapter of this dissertation discussed some of the fundamental
differences between remanufacturing and manufacturing. This chapter builds upon this
discussion to focus more closely on differences that may effect application of lean
methods. This chapter goes further, utilizing the organizational design contingency
theories, adapted from classic manufacturing, to describe (and ultimately prescribe)
appropriate utilization of lean methods in a variety of remanufacturing contexts. The
popular organizational design contingency model of the product-process matrix (PPM)
(Hayes and Wheelwright, 1979a) is used to bridge the gap between the manufacturing

theory and remanufacturing context.
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Using this model, four unique contexts of remanufacturing are identified, a function of
product variability (volume, standardization, dependability of condition), ranging from
high to low. Case studies of lean remanufacturing application in each of these four
contexts are examined to better understand the successful application of lean methods.
The cases demonstrate ways |lean methods must be tailored to each unique context. The
result is an understanding of lean methods as applied across the spectrum of high-product
variability to low-product variability remanufacturing. In the case of high-product
variability remanufacturing, lean methods are applied to create greater efficiency and
flexibility. Inlow-product variability remanufacturing, lean methods are applied to
create greater efficiency and specialization. Ultimately, this paper increases knowledge

and understanding of the successful application of lean methods to remanufacturing.

INTRODUCTION TO LEAN REMANUFACTURING
In 2002, the researcher for this paper arrived at alarge naval ship remanufacturing
facility to work as a lean manufacturing change agent. The researcher was equipped with
lean manufacturing tools such as takt time calculations, strategies for implementing
andon systems on an assembly line, methods for sizing kanban systems, and methods to
reconfigure production lines to eliminate unnecessary travel and transportation. Y et, the
observed processes did not match the context in which Toyota employed these tools. In
fact, there were many within the remanufacturing facility who were convinced lean
production did not apply in their industry, after all, they were not Toyotal It was quickly

evident a tremendous gap existed between the application of lean tools and techniques to
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the manufacture of an automobile every 56-seconds and the 18-month remanufacture of a

$2 billion naval vessel

Defining Waste in Remanufacturing:

The Toyota Production System has been benchmarked worldwide for its overal
efficiency and continuous drive to produce “waste free.” Toyota identified seven forms
of waste (overproduction, waiting, unnecessary transport, overprocessing, excess
inventory, unnecessary movement, defects) with an eighth added later (unused employee
creativity), that are arguably present in any manufacturing process. (Liker, 2004) Yet, if
being a“lean producer” fundamentally means to produce with little or no wasted time,
material or other resources; do the same wastes exist in remanufacturing? In this
discussion we question commonly held beliefs on “waste” in remanufacturing and

highlight common examples of waste that must be considered.

Value, in contrast to waste, has been defined as “ anything the customer iswilling to pay
for.” A second common definition is “any process that transforms the form, fit, or
function of a customer-desired product.” Y et, in remanufacturing, much of theinitial
work (component and system disassembly) effectively decreases the value of the existing
product. For example, a motor which can be “patched up” with little expenditure of
resources has greater intrinsic value than that same motor which has been disassembled
for remanufacture. How can a process be considered value-added if it reduces overall
value of the existing product? Do processes of component teardown, component

evaluation, and component test fit the definition of value add? Consider the component
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remanufacturing process illustrated in Figure 2.1. These processes require significant
expenditure of resources for aremanufacturing agency, yet component teardown does
effectively reduce the value inherent in a damaged/worn product. It ishard to argue these
key processes add value to the end user. It seemsrepair of worn parts, acquisition of
replacement parts, and component re-assembly are the only true value-added function

performed in a remanufacturing process.

W Component
Evaluation +— Teardown

- \//
§ S| 2 g .
S §] 53 2 | Component Repair
N Ry
g 5 §§ S S| and Replacement
NS 3 = ]
o <
A 4 A 4 A 4 \ 4
Component
Component Re-Assembly = Test
Value-Added Processes Non-Value-Added Processes
- Repair of worn parts - Component teardown
- Material purchasing & acquisition - Component evaluation
-Component re-assembly - Component test

- Development of technical instructions
- Acquisition of tooling

Figure 2.1 — Value and Non-Value in Component Remanufacturing

Thisis not to say component teardown, evaluation, and test can be eliminated as simply
waste. Despite the fact they do change the “form, fit, or function” of the component
these steps are clearly not value added, but are still required in remanufacturing. Toyota

uses terminology of “non-value added work” for such items as logistics support and test;
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processes which do not add value from the customer’ s perspective, but are required to

consistently deliver aquality product.

Some may debate value-add/non-value add while others may argue this discussion is
simply semantics as the processis “required.” Yet, it isimportant when considering a
lean producer would strive to eliminate non-value added activities altogether, while
emphasizing the streamlining of value-added processes. Component evaluation or
component test may be conducted with too much rigor for products that do not need to be
evaluated or tested. Great care may be taken in disassembling components that will

simply be discarded.

The remanufacturing context requires reconsideration of commonly held paradigms of
value and non-value. Consistent with the definition of non-value added work, many
resources are expended in remanufacturing (perhaps a higher percentage than in original
equipment manufacturing) that transform the product, but do not ultimately add value to
the final customer. While remanufacturing is appropriately lauded for its efficiency and
effectivenessin creating lifecycle value, thisinherent inefficiency (waste) in processing

must be considered.

When waste is considered at a more tangible production-level of remanufacturing

processes, the concept of waste is clearer. Figure 2.2 identifies common examples for

each of the eight wastes as observed in remanufacturing processes.
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Common Examples of Waste in Remanufacturing

Overproduction

Processing materials and components before the required time.
Processing components that ultimately can not be remanufactured.
Remanufactured components becoming obsolete.

Last-out first-in disassembly to re-assembly cycle leaves components idle.

Waiting Difficulty in aligning all resources (production, logistics, engineering, lifting
& handling, other support) at the work site.
U Geometric complexities of disassembling large and complex systems with
nnecessary ) . . .
Transport components being worked in smaller machine shop environments.

Large industrial footprint of most remanufacturing organizations

Overprocessing

Tendency to error on the side of conservatism is hand-processed
remanufactured materials and components.
Complex and interrelated customer/supplier relationships.

Excess Inventory

A “bow wave” of materials and components is created as products are torn
apart very quickly, only to be repaired and re-assembled more slowly.
Supply system must support a variety of condition/processing contingencies.

Large industrial footprint of most remanufacturing organizations.

Unnecessar s . - L ! . -
Movementy Difficulty in aligning all resources (production, logistics, engineering, lifting
& handling, other support) at the work site.
Overly-aggressive, overly-optimistic, or overly creative strategy for materials
Defects and components; resulting in: incorrect assessment of condition or

incorrect processing of component.

Unused Employee
Creativity

Many remanufacturing tasks are non-repetitive and more difficult to
incorporate employee ideas into future processing.

Figure 2.2 — Common Examples of Waste in Remanufacturing

In manufacturing, overproduction is considered the most significant form of waste

because of the multiplying effect it has to create other wastes. (Monden, 1998) The

remanufacturing context is no different. In remanufacturing, overproduction commonly

occurs in the disassembly of components before the (internal) customer is ready to

receive them. Component disassembly is alow-variability process with short cycle time

(as compared to repair and re-assembly) that uncovers component condition (significant

source of production variability). Many remanufacturing organizations will disassemble

aproduct as quickly as possible to determine condition, creating a glut, or “bow wave’ of

components and materials for remanufacture; making it the most significant form of
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waste in remanufacturing. An additional form of overproduction can occur when a
product is remanufactured for use at alater date. Often, an older component may be

remanufactured, only to become obsolete while sitting on the shelf.

Waiting frequently occurs as aresult of production sequencing in remanufacturing.
Similar to peeling back an onion, alarge subsystem must be disassembled in layers, with
the last component being removed often being the first component involved in re-
assembly. Thisresultsin alast-out first-in sequencing results in waiting as significant
material assets wait to be remanufactured. Waiting additionally occursin
remanufacturing due to the overall complexitiesin major system remanufacturing. Many
components for remanufacture will cross multiple system and geographic zones of a
major system at the sametime. Thisresultsin significant complexities associated with
all resources (production, logistics, engineering, lifting & handling, other support)

required to compl ete a task.

For amajor remanufacturing project, all components and materials will originate at a
single location with disassembly of the product core. Then the components are likely to
be taken to more controlled industrial locations for repair and processing. Thiswill often

result in unnecessary transport as components radiate out from the core and are then

returned for re-assembly. Additionally, due to the major infrastructure requirements for
large-scal e remanufacturing, many remanufacturing facilities have alarge geographic
footprint, which exacerbates the transportation issue. Also, like many industrial

organizations, many remanufacturing sites have evolved according to functional
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departments, creating physical and informational barriers to product-flow. In many
observed remanufacturing processes such as paint, sandblast, engineering, and test are

functionally located away from the flow of production.

Excess inventory is often the direct result of product and process variability, aswell as

the overproduction occurring in early disassembly. In most instances of remanufacturing,
the condition of a product (and required repairs, materials, and components) is not known
until the coreisfully disassembled and assessed. In some instances, along lead time may
be associated with certain material items, if they can be purchased at all. Asastrategic
buffer against this product variability, many remanufacturing organizations will maintain
significant levels of contingent repair material. In many instances this material will
become obsolete or damaged over time and never used. Thisis not to suggest that all
contingent repair material is excess inventory and should be disposed of, but that the

remanufacturing agency must continually examine and refresh their inventory strategies.

Unnecessary movement, is rampant if one follows the mechanics around. They are the

value-added workers in remanufacture. They spend a good deal of their time leaving the
site of the actual value-added work to go and fetch things—tools, cleaning supplies, parts,

and so on.

Defects can occur in remanufacturing as aresult of incorrect condition assessment or

improper processing. Much of the work done in remanufacturing is completed by hand,

providing significant opportunity for variation that leads to defects. Whereas a
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component is particularly badly worn or damaged and a replacement does not exist,
remanufacturing engineers may be overly aggressive in developing arepair or
remediation strategy for a component that ssmply is beyond salvage through
remanufacturing. This may be an extreme example, but has occurred many times for

non-critical components.

Overprocessing, doing more work than is required, is aso asignificant form of waste in

remanufacturing that is directly related to the waste of defects. Many large products for
remanufacture, such as transportation equipment and military equipment, have extremely
high-costs of failure whilein use. Asaresult, many remanufacturing organizations tend
towards extremely high degrees of technical oversight and low degrees of risk in
processing of critical components, resulting in overly conservative product assessments
and high processing requirements. Merely the prospect of process defects can ultimately

create significant waste through redundancy of processes.

Finally, unused employee creativity exists in remanufacturing just asit does in any other

industry. What is unigue about remanufacturing is the infrequency of some operations.
Repetitive processing provides more cycles for continuous improvement. If aprocessis
only performed afew times ayear, improvement initiatives may not be developed or the
business case for their development may not exist. A bigger problem isthat, like many
other traditional organizations, the gap between top management and the worker is so

large that worker ideas often simply get lost and never implemented.
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The mgjority of these examples of waste are not remanufacturing specific. To adegree
the objective of this discussion is recognizing the many parallels in manufacturing and
remanufacturing processing. Y et, each explanation highlighted some unique aspects that

are specific to the remanufacturing context.

A CONTINGENCY THEORY APPROACH TO UNDERSTANDING LEAN IN A
REMANUFACTURING CONTEXT
“Lean production won’t work in overhaul and repair, we don’t build cars!”

Thiswas a popular sentiment within the remanufacturing industry; many were convinced
the Toyota Production System had no business in an overhaul and repair environment.
Y et, to dig deeper into this question one must begin to understand the intersection of
production theories relating lean manufacturing and remanufacturing. The discussion
thus far has mostly emphasized differences to be considered when applying lean
techniques to remanufacturing, yet, many remanufacturing processes are similar to
original equipment manufacturing. To understand the similarities with manufacturing, it

is necessary to first differentiate and define the unigue contexts within remanufacturing.

Contingency theories of organizational design suggest an organization must first
determine its core technical production processes and then relate this to the appropriate
(contingent) organizational design. Contingency theory will be used to analyze the need
for an appropriate “fit” between the process environment (e.g. remanufacturing) and the

application of specific technical tools (e.g. lean production). This discussion uses the
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popular organizational design contingency model of the product-process matrix (Hayes
and Wheelwright, 1979a) to provide a theoretical foundation for comparing traditional

manufacturing methods, lean production, and the remanufacturing context.

Historical Perspective on Organizational Design Theory:

Many prescriptive models exist for design of organizations, organizationa infrastructure,
process layout, and technology selection in manufacturing operations. During the early-
half of the twentieth century, many of these prescriptive models were built upon what
was considered “universal principles of management.” These theories promoted a one-
best-way of organizational design based upon thinking of Adam Smith (division of labor),
Frederick Taylor (scientific management), and Henry Ford (moving assembly line). By
using these concepts, organizations were able to achieve never-before-seen levels of
output and efficiency, which contributed significantly to rapid increase in the standard of
living in industrialized nations. These theories are summarized best in the philosophy of
scientific management; suggesting that individual jobs as well as the supporting
management environment can be set up in “one best way” to maximize productivity.
Over time it became clear these principles were ideal for alarge organization operating
within a very stable market, such as the automotive market and iron mining in the early
20" century (inspiration for philosophies of Henry Ford and Frederick Taylor,
respectively), but may be mismatched in other industries. These universal management

theories eventually gave way to contingency theories of organization.



Contingency theory suggests the ideal structure for an organization will vary according to
the external environment of the firm and itstechnical core, and that an organizations
structural design should “fit” with key operational and environmental parameters.
Contingency theory had its origins with a 1950s study of British manufacturing firms by
industrial sociologist Joan Woodward. At atime when one-best-way thinking was
popular, Woodward (1965) identified a correlation between the “best” organizational
design and the complexity of technology used in production within successful companies.
This study identified three dominant organizational structures based on the utilized
technology of unit production (small batches, customized products), mass production
(standardized, large volume), and continuous process (continuous, automated) production.
Each of these organizations was characterized by structural dimensions including:
number of management levels, supervisor span of control, labor ratios, formalized

procedures, centralization, and overall structure.

Woodward' s (1965) contingency theory of organizational design was later enhanced by
the work of Robert Hayes and Steven Whedlwright in the 1970s. Hayes and
Wheelwright (1979b) recognized a relationship between the maturation of a product in
the marketplace and the maturation of the process technology to be used in manufacture,
effectively adding the product dimension to Woodward’ s theory. This model is known as
the product-process matrix (PPM), aleading framework in contingency theory of

organizational design. It will be the focus of discussion.
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Economic/Efficiency Influence on Organizational Design Theory:
The theoretical foundation for the theories of Taylor and Ford, as well as Woodward,

Hayes, and Wheelwright, is the economic theory known as economies of scale. This

theory suggests the greatest level of cost efficiency exists with the largest level of output,
where fixed costs of production are distributed over the largest number of production
units. This paradigm suggests that to remain efficient a fundamental trade-off must exist

between operational flexibility and efficiency. (Daft, 1978)

In apost-World War |1 Japanese economy, Toyota did not have the luxury of operating in
the paradigm of economies of scale. Ascompared to their North American competitors,
their markets were small and diverse. Toyota recognized that in order to survive they
must offer quality cars at a competitive price to their larger overseas competitors, in
relatively low-volume and high-variety production. (Ohno, 1978) Toyota was one of the
first major manufacturers worldwide to achieve benefits from an economic model now

termed economies of scope. This theory suggests that organizational efficiency can be

gained through increasing the breadth of product options and capability, rather than size

of markets and volume of production.

Toyota had developed a production methodology by which they were able to have both
efficient production, and flexibility associated with small lot, customized products. Lean

manufacturing was first introduced to awide audience in The Machine that Changed the

World (Womack and Jones, 1990). This study highlighted the efficiency and

effectiveness of the Toyota Production System and presented a new paradigm of

36



production, one in which both customization and efficiency could be achieved, without
tradeoffs and without complex automation. As Toyota grew to the high-volume producer
(they are today number-one in automotive sales), they never abandoned the original
production philosophy that made them successful when operating in alow-volume
environment. Toyota' s efficiency, which isbased in economies of scope, is not clearly

understood through popular contingency theories, which are based in economies of scale.

CONTINGENCY ANALYSISOF THE LEAN PARADIGM
Contingency theorists recognize that an organizational design must “fit” within its
operating environment. Woodward (1965) further suggests an organization must first
determine its core technical processes, then design the organization and social system to
support the technical core. Organizational design contingency models are used to link
production technigue and the appropriate organizational application. Similarly, the
contingency model of the product-process matrix will be used to link manufacturing and

remanufacturing contexts for lean production.

Contingency Analysis. Product-Process Matrix:

The product-process matrix, first published in 1979, considered the appropriate fit of
organizationa design relative to the characteristics of maturity of product being
produced, maturity of process used in production, maturity of the market, and maturity of
core technologies used. The PPM, shown in Figure 2.3, specifically identified that new
products to market are generally produced in low volume and should use technol ogies

characteristic of ajob shop environment; slightly more mature products suggest larger
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volume and should utilize technol ogies characteristic of an assembly line with connected
line flow; and mature products will be produced as high-volume standardized products

which should utilize technol ogies supporting continuous flow.

Product Life

Cycle Stages | L i v
low volume/ lower volume/ higher volume/ high volume/
low standardization multiple products few major products high standardization,
Process Life (one of a kind) (commodity products)
Cycle Stages
Priorities
| P
Jumbled flow Flexibility -
(job shop) Quality

Il
Disconnected line
flow (batch)

1l

Connected line
flow (assembly
line)

Dependability -
Cost

v
Continuous Flow

Priorities Flexibility - Quality Dependability - Cost

Figure 2.3 —Product-Process Matrix (Hayes & Wheelwright, 1979a)

The model proposed that trade-offs must occur between product and process
characteristics. Efficient production could only occur within the diagonal axis of the
PPM. Hayes and Wheelwright suggested organi zations operating off the diagonal are
less efficient, and would ultimately migrate to the diagonal in order to survive. Asnoted
in the PPM model, processes can not exist in the corners of this matrix (continuous flow
of customized parts or jumbled process flow of commodity goods) due to the

misalignment of discrete and non-discrete manufacturing.
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The major contribution of the PPM was to suggest a second dimension, product-life
cycle, to Woodward' s contingency model of process technology. The PPM is grounded
in economies of scale thinking, and highlights the perceived trade-off between flexibility
and efficiency. Thistheory, along with Woodward’ s work, was significant at atime
when organizations in nearly every industry were searching for mass markets and a mass

production/assembly line approach to greater performance.

Remanufacturing and the Product-Process Matrix:

The remanufacturing industry can be placed within the product-process matrix; however,
the industry as awholeislargely considered technically immature and would not exist on
the diagonal of efficiency. Technical challenges associated with disassembling,
analyzing, restoring, and re-assembling existing components have led to what is
considered an over-reliance on hand tools, rudimentary diagnostic equipment, and
generic machining capabilities within the remanufacturing industry. (Lund, 1996) Due
in large part to these issues, the industry has been unable to fully capitalize on
productivity improvements associated with advanced technology. Relative to the PPM,
this would place remanufacturing generally above the diagonal of efficiency, as shownin
Figure 2.4, suggesting immature selections of technology for the work conducted. Thisis
consistent with observed remanufacturing organizations in which piece part production

and a job-shop mentality are prevalent.
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Product Life | 1] 1] v

Cycle Stages low volume/ lower volume/ higher volume/ high volume/
low standardization/ multiple products/ few major products/ high standardization/
. low condition low-moderate condition high-moderate condition high condition
Process Life dependability dependability dependability dependability
Cycle Stages (one of akind) (commodity products L
Priorities
| o
Jumbled flow Flexibility -
(job shop) Quality

Il
Disconnected line
flow (batch)

1]

Connected line
flow (assembly
line)

Dependability -
Cost

v
Continuous Flow

Priorities Flexibility - Quality Dependability - Cost

Figure 2.4 — Remanufacturing, an Immature Industry on the PPM

According to Hayes and Wheelwright, the placement of the remanufacturing industry
above the diagonal would suggest an opportunity exists to improve remanufacturing
through technology and production realignment. However, technical process challenges
of the remanufacturing industry, as previously discussed, must first be overcome in order

for this to be accomplished.

Lean Manufacturing and the Product-Process Matrix:

As previously mentioned, the PPM as prescribed by Hayes and Wheelwright, with a
requirement operate on the diagonal for efficiency, and the assumed need for trade-offs
between flexibility and efficiency does not align with the economies of scope efficiency
paradigm of lean manufacturing. Furthermore, today’ s environment of point-and-click

design of laptops and customized clothing at low costs suggests other technologies such
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as computer integrated manufacturing and flexible manufacturing are similarly
challenging these paradigms. In their 2004 updated commentary on the PPM, Hayes and
Wheelwright acknowledged the model does not effectively resolve technical design
considerations associated with lean production. As stated by the authors, “Many
Japanese factories appeared to surpass their American counterparts on several
competitive dimensions — lower cost, higher quality, greater flexibility, and faster
production introductions — all at the same time!” (Hayes and Wheelwright, 2004) The
resultant of lean manufacturing: with smaller batch production, emphasis on quick
changeover, just-in-time production, and discipline to standardized work, is a production
system which would serve to shift a production process along the dimension of process
maturity, developing both flexibility and efficiency to create a new operations efficiency

frontier, shown below in Figure 2.5.

Product Life
Cycle Stages | 1] n \Y]
low volume/ lower volume/ higher volume/ high volume/
low standardization multiple products few major products high standardization,
Process Life (one of akind) (commodity products)
Cycle Stages
Priorities
| o
Jumbled flow FleXIF)Illty -
(job shop) Quality
I
Disconnected line
flow (batch)
1
Connected line
flow (assembly
line)
Y, Dependability -
Continuous Flow Cost
Priorities Flexibility - Quality Dependability - Cost

Figure 2.5 - New PPM Efficiency Frontier created by Lean
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Lean Remanufacturing and the Product-Process Matrix:

In the manufacturing context, implementation of lean methods serves to move the process
downwards in the PPM space. Y et, can the same impact be anticipated in the
remanufacturing context? |s seems the answer should be yes. Remanufacturing is an
industry that is managed according to a mass production paradigm and most often exists
above the PPM diagonal due to relative process immaturity, as already discussed.
Theoretically, the application of lean methods in remanufacturing would have asimilar
effect asin origina manufacturing, that of moving the process downward in the PPM
space. The result could easily be a new remanufacturing efficiency curve similar to the
one originally proposed by Hayes and Wheelwright, shown in Figure 2.6. Advanced
applications of lean remanufacturing could possibly exceed the diagonal of efficiency to
establish aremanufacturing efficiency curve similar to the one described for lean

manufacturing.

Product Life | 1] n v
Cycle Stages low volume/ lower volume/ higher volume/ high volume/
low standardization/ multiple products/ few major products/ high standardization/
low condition low-moderate condition high-moderate condition high condition
Process Life dependability dependability dependability dependability
Cycle Stages (one of akind) (commodity products
Priorities
| oo
Jumbled flow FIeX|_b|I|ty -
(job shop) Quality
I
Disconnected line
flow (batch)
1l
Connected line
flow (assembly
line)
v Dependability -
Continuous Flow Cost
Priorities Flexibility - Quality Dependability - Cost

Figure 2.6 — Lean Remanufacturing and the PPM
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However, lean production does not simply exist as a switch that can be turned on, a
consulting firm which can be hired, or a piece of equipment that can be purchased. A
snapshot of remanufacturing organizations today would see an immature industry
predominately organized according to jumbled flow and a classic job shop mentality. As
previously discussed, much of remanufacturing operates with an engineer-to-order
mindset. Thistheoretical discussion suggests that remanufacturing should move
downward in the PPM space so that one-of-a-kind parts are produced in an advanced job
shop environment; low-volume, standard parts are produced with disconnected line flow;
higher-volume non-standard parts are produced with connected line flow; and high-
volume/high-standardization parts are produced with continuous flow. However, this
theoretical discussion isirrelevant unless lean methods are effectively applied in the

remanufacturing context.

To transition the discussion from theory to application a better understanding of diversity
within remanufacturing context is necessary. Inthe same way it isinappropriate to
compare the manufacture of widgets to that of alarge complex system, it issimilarly
inappropriate to compare the remanufacture of such components. It would also seem
inappropriate to assume lean methods are not impacted by the specific component
remanufacture to which they are applied, whether awidget or large complex system. The

PPM is used once again to characterize the remanufacturing environment.

The product life cycle dimension (product variability) is the dominant dimension that is

used to characterize the remanufacturing industry. Product variability is afunction of
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product volume (demand), standardization (variety of demand), and in the
remanufacturing context, dependability of incoming condition (product remanufacture
scope of work). Utilizing the PPM, this would prescribe four groupings of
remanufacturing processes; those of high-product variability (Typel), high-moderate
product variability (Type Il), low-moderate product variability (Type 111), and low-

product variability (Type V), as shown in Figure 2.7.

Product Life Cycle
Stages (independent
variable)

Process
Life Cycle Stages
(dependent variable)

|

low volume/

low standardization/
low condition
dependability

(one of a kind)

1}

lower volume/
multiple products/
low-moderate
condition
dependability

1]

higher volume/

few major products/
high-moderate
condition
dependability

\Y

high volume/

high standardization/
high condition
dependability
(commodity products)

|
Jumbled flow
(job shop)

Il
Disconnected line
flow (batch)

TYPE |
REMANUFACTURING

TYPE Il
REMANUFACTURING

TYPE llI
REMANUFACTURING

TYPE IV
REMANUFACTURING

high
product variability
remanufacturing
context

high-moderate

low-moderate

product variability
remanufacturing
context

product variability
remanufacturing
context

low
product variability
remanufacturing
context

Connected line
flow (assembly
line)

v
Continuous Flow

Figure 2.7 — Characterization of the Remanufacturing Context

To prescribe the appropriate application of lean methods in remanufacturing, the four
remanufacturing contexts of Typel to Type IV will be considered. Thisisthe
methodology by which lean remanufacturing of widgets (Type IV remanufacturing) is
differentiated from lean remanufacturing of large complex system (Type |

remanufacturing). A paralle structure of four unique methodologies of lean



remanufacturing are defined; those of high-product variability lean remanufacturing

(Type), high-moderate product variability lean remanufacturing (Type I1), low-

moderate product variability lean remanufacturing (Type I11), and low-product variability

lean remanufacturing (Type 1V), as shown in Figure 2.8. 1n each instance the process

dimension is dependent upon the application of lean tools and techniques. The

appropriate application of lean tools and techniques in the four remanufacturing contexts

is developed in a contingency discussion of Typel to Type IV lean methodsin

remanufacturing.

Product Life Cycle
Stages (independent
variable)

Process
Life Cycle Stages
(dependent variable)

1

low volume/

low standardization/
low condition
dependability

(one of a kind)

1l

lower volume/
multiple products/
low-moderate
condition
dependability

1]

higher volume/

few major products/
high-moderate
condition
dependability

v

high volume/

high standardization/
high condition
dependability
(commodity products)

Appropriate application of Lean Methods
(yet to be determined)

TYPE | LEAN TYPE Il LEAN TYPE lll LEAN TYPE IV LEAN
REMANUFACTURING | REMANUFACTURING | REMANUFACTURING REMANUFACTURING
METHODS METHODS METHODS METHODS

lean production in a
high
product variability
remanufacturing
context

lean production in a
high-moderate

lean production in a
moderate-low

product variability
remanufacturing
context

product variability
remanufacturing
context

lean production in a
low
product variability
remanufacturing
context

Figure 2.8 — Lean Methods in the Remanufacturing Context

“Toyota House” as Framework for Lean Remanufacturing:

The Toyota Production System is built upon the fundamental principles of developing

internal process stability (standard work instructions, work cells, visual management,
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developing process capability), just-in-time production (process and information flow,

pull systems, production leveling, set-up reduction, work-in-process controls), and built-
in-quality (error-proofing process and paperwork, andon systems, and teamwork), with a
lifeblood of empowered employees conducting kaizen (continuous improvement); all
intent upon achieving the shortest lead time from customer order to product delivery.
(Monden, 1998) These concepts areillustrated in the “ Toyota House”, shown below as

Figure 2.9.

To describe the technical application of lean methods in remanufacturing, particul ar
emphasis will be placed on the three key structural elements of TPS: building internal

process stability (foundation), just-in-time production (pillar), and built-in-quality (pillar).

Best Quality, Lowest Cost,
Shortest Lead Time, Best Safety

Just-In-Time Built-in-Quality
Production Empowered - Automatic Stops
« Continuous Flow Employees « Andon
* Pull Systems c:\:::ir : Lr;%s « Error Proofing
* Quick Changeover Improvement & - in-Station Q.C.

« Integrated Logistics | Yv/aste Elimination

* Root Cause Ahalysis

Internal Stability

» [ eveled Production

» Stable and Standardized Frocesses

» VVisual Management

Figure 2.9 — The Toyota Production System “House” (Monden, 1998)
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Contextual Challenges: High and Low Product Variability Remanufacturing:

The fundamental challenge of producing in a high-product variability remanufacturing
processisthat every component may be unique; with unique technical and resource
(material, tooling, and manpower) requirements. The greater the product variability in
remanufacturing, the greater the system requirements for flexibility in responding to
production needs. However, the challenge in applying lean methods in this context is to
increase processing flexibility (traditionally by increasing production buffers) while
maintaining efficient use of resources. In this context a high-variability model of lean

methods must be applied.

In alow-product variability remanufacturing process the fundamental challengeis nearly
reversed, as production processes are highly stable (ssmilar to original equipment
manufacturing), yet must be designed (buffered) to process the occasional instability. As
observed in many remanufacturing examples, alow-product variability process can
ultimately migrate to the point it is designed to handle the exception in production, rather
than the norm, and therefore every component is considered uniquely and efficiencies of

standardization are lost. In this context alow-variability model of lean methods must be

applied.

I nternal Process Stability in High and Low Product Variability Remanufacturing:
For the foundation of the Toyota House to build internal process stability a high-
variability lean design must create flexibility of resources and control variation where

possible, in order to bring stability to a highly variable process. The application of work
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cells and standard work in this environment would help place boundaries upon sources of
high variability. Standard work instructions would not be overly detailed, but would
provide process flexibility so that a highly trained, non-specialized workforce could use a
high-degree of expertise to complete complex repairs. To sustain throughput at a high
level of process variability, strategically placed resource buffers (tooling, material,
manpower) must be used to maintain stability in processing. Visual management would
be used to indicate irregularities in processing, but also as a key communication device

with external support groups.

In alow-product variability remanufacturing context, lean methods would be utilized to
increase overall standardization and efficiency of production processes. In this context a
low-variability lean design would utilize highly-specific standard work instructions and
tightly coupled work cells with minimal resource buffers. Workplace layout, tool and
material presentation would all be highly standard through utilization of point-of-use
applications, kitting, and pull systems; with contingencies developed for the occasional
process irregularity. In thiscontext, visua management would be utilized in a highly

mature way to not only identify irregularities, but to assist in preventing them.

Just-In-Time Production in High and Low Product Variability Remanufacturing:

In a high-product variability remanufacturing context, just-in-time production is required
to support the high degree of flexibility required in resource management and allocation.
The concepts of pull systems and control of work-in-process would be applied to every

type of resource, so as to better manage breadth (create flexibility) while maintaining
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minimum required levels (create efficiency). Production leveling would be used to better
control peaks and valleysin resource and process utilization, while set-up reduction is

used to reduce overall resource requirements.

In alow-product variability remanufacturing context, just-in-time production is created to
support the near continuous flow of components. Lean methods are applied to create a
high degree of efficiency and specialization through co-location of equipment,
continuous production flow, as well as machining fixtures and material handling systems
to reduce machine set-ups and set-up times. Work-in-process is tightly controlled in this
context, coupled with first-in first-out flow, asit can be used as a mechanism to
pressurize the production system and drive towards a higher degree of continuous process

production.

Built-In-Quality in High and Low Product Variability Remanufacturing:

In a high-product variability remanufacturing context, built-in-quality is used to reduce
process variation, and in particular, reduce variation in the support-process response to
process variability. A tightly coupled technical support team and rapid response andon
are keysto achieving high-output and containing variability in this context. Simplified
production processes and instructions, along with error-proofing devices are used to

reduce variability in this context.

In alow-product variability remanufacturing context, the tools of built-in-quality are used

with agreat deal of specificity and specialization to simplify and error-proof production
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processes. An andon system isimportant in this context to respond when irregularities
occur, and andon calls will be used as indicators of problems to support continuous

improvement. (Toyota uses andon in alow variability environment and findsiit critical)

L ean methods applied in a high-product variability context increase process flexibility
and efficiency, grounded in the economies of scope paradigm. On the other hand, in the
low-product variability context, lean methods increase process flow and efficiency

through an emphasis on standardization, grounded in the economies of scale paradigm.

RESEARCH METHODS
The objective of this study isto better understand the appropriate technical design and
application of lean manufacturing tools and techniques in the remanufacturing context, an
industry with promising environmental and economic growth opportunities. This paper is
the culmination of six years of in-depth field research within the naval ship repair
industry. During thistime, the large shipyard organization advanced a widespread
initiative to deploy techniques of lean production across a broad base of remanufacturing
depots. The researcher was hired as an employee and had the opportunity to gain
intimate knowledge of lean remanufacturing efforts within six repair depots (totaling $5B
annual business; products ranging from helicopters to transport jets, small turbines to
large tanker ships), aswell as a cursory knowledge of ten additional public and private
remanufacturing depots. The researcher was considered an internal expert with the
organization on lean production designs within the remanufacturing context, and was able

to advance personal and organizational understanding through participant observation.
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This paper utilizes the organizational design contingency model of the product-process

matrix to develop atheoretical linkage between manufacturing process design theory and

remanufacturing application. Utilizing this theory, four unique contexts of

remanufacturing are identified and models for application of lean methods in the extreme

cases of high and low product variability remanufacturing are developed. Four

illustrative case studies of lean remanufacturing are examined in detail, one for each

identified context of remanufacturing. In each case study, the Toyota Production System

foundational elements of developing internal process stability, just-in-time production,

and built-in-quality are examined through a detailed look at the application of 13 key lean

production tools and techniques. Research methods are summarized below in Figure 2.10.

Research Methodology

Study Objectives:

To better understand the appropriate technical design and application of lean
manufacturing tools and techniques in the remanufacturing context.

Unit of Analysis:

Industrial processing of individual products for remanufacture, ranging from
single components to integrated systems.

Study Design:

Comparative case study of lean remanufacturing in four unique
contexts of remanufacturing. A theoretical model of lean methods in
extreme remanufacturing cases is developed and assessed.

A wide selection (applications, successes, methodologies) of lean

Cases to be ; . . . -
Studied: remanufacturing case studies were examined; four illustrative cases were are
highlighted for discussion.
Data Technical Assessment, Direct Observation, Interviews with Key Personnel,
Sources: Review of Documentation and Reporting, Participant Observation

Figure 2.10 — Resear ch M ethodology
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The unit of analysisfor each of the four case studiesisthe industrial processing of an
individual product for remanufacture, ranging from single components to integrated
systems. The cases varied in applications, successes, and methodologies, but each of the
numerous cases would fit appropriately into the theoretical design framework of Type
(high-product variability) to Type IV (low-product variability) remanufacturing. The
four illustrative case studies highlighted in this paper were selected because each fit
within a unique context of remanufacturing and was a strong illustrative model for the
appropriate lean methods (Type | lean remanufacturing methodsto Type IV lean

remanufacturing methods).

Data sources for each case included technical assessments, direct observation by the
researcher, internal reports on lean production, participant observation, and interviews
with key deployment personnel. Interviews were conducted to gain understanding of the
technical nuances of lean deployment in each of the selected cases; interview subjects
included shipyard site management, production management, production workers,

production analysts, and the site lean production deployment team.

LEAN REMANUFACTURING CASE STUDIES
The Product-Process Matrix was introduced to illustrate the diversity of the
remanufacturing processes, and four distinctive types of remanufacturing were identified,
ranging from high product variability (low volume, low standardization, low condition
dependability) to low product variability (high volume, high standardization, high

condition dependability). In this section, case studies of lean remanufacturing
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applications from the naval ship repair context are analyzed that illustrative each of the
types of remanufacturing. The cases to be examined ranged from the highest to lowest
variability asfollows: shipboard component remanufacturing (Type I), propulsion shaft
remanufacturing (Type I1), large valve remanufacturing (Type I11), and transponder

remanufacturing (Type V).

For each case the preexisting condition (before lean) isfirst described, followed by a
general overview of the lean methods applied and their results, and then a detailed
account of how the lean tools were used in this specific context. Particular emphasisin
anaysisis placed on application of the three major aspects of the Toyota Production
System; developing internal process stability (foundation), developing just-in-time

production (pillar), and developing built-in-quality (pillar).

Case Study Example: Shipboard Component Remanufacturing
Case Study Context: Type| Lean Remanufacturing (High Product Variability):

Remanufacturing Context: Shipboard component remanufacturing is the overhaul and

repair of a set of components or amajor physical subsystem that can not be removed
from the ship. This remanufacturing onboard a ship is an example of a Type |
remanufacturing process, which is performed in low volumes (a handful of similar
components processed in ayear) with low standardization (each component can be
different and the failure modes can be unique). Thiswork is done aboard the ship when it
islocated in dry dock. All manpower, tooling, materials, and other equipment must

converge on the specific component to be worked on. The ship has alargely integrated
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product architecture that creates additional challenges for work done in this environment.
Many components cross both physical and system boundaries (e.g., hydraulics, electrical,

etc.), yet must be repaired independently.

Work is conducted by skilled trades such as electricians, pipe fitters, welders, and
mechanics. A single component would typically be worked on by several workers at a
time. They have traditionally worked in teams according to their trade specialization.
Each specific component would be broken down into a set of tasks to be completed by
each of the various work teams. A “lead trade” would be identified per component. The
“lead trade” would conduct their work and hand the technical instruction package off to a
“support trade,” who would similarly complete their work before handing off to another
trade group. The primary responsibility of supervisorsisto optimize utilization of
personnel, while a secondary responsibility is to resolve production problems when they

areidentified.

Pre-existing conditions: Shipboard component remanufacturing had tremendous

variability in all aspects of processing, resulting in alarge degree of “firefighting” every
single day. The primary emphasis was always on the macro-level ship remanufacturing
schedule and resources were regularly pulled from jobs in progress to support tasks that
were on the daily “critical path” towards achieving the macro-level schedule. Workers
gathered at awide variety of locations in the morning according to trade. Supervisors
were often at these diverse locations with no co-location of a core leadership team.

Tooling was acquired from avariety of tool cribs around the facility, and material was



specifically ordered and delivered to an employee’ s supervisor. Technical instructions
consisted of short (vague) descriptions of the task to be accomplished and blue-prints of

the components to be worked on.

Significant inefficiencies existed in production coordination between trades, as work was
functionally organized according to area of technical competence. Shipboard component
remanufacturing commonly delayed the schedule for overhaul and repair of an entire ship,
and/or the work package was de-scoped (some items that were thought to be important

for future reliability were skipped) due to inability to deliver hull remanufacturing on

schedule and cost.

Post-1ean remanufacturing conditions: The first two ship overhauls conducted after lean

methods had been applied to shipboard component remanufacturing were two of the best
in overall performance up to that time in achieving cost and schedul e targets. Through
empowered cross-functional teams with close engineering support, the production
workers had a greater capability to quickly and appropriately resolve production logistics
and technical issues asthey arose. The flow of production that was created and the focus
on virtual “work cells’ lead by cross-functional teams were transformational. The
greatest benefits, by far, were job site communication and coordination. Work is being
continued to apply these concepts to the entire work package completed aboard ship in
dry dock. A summary of lean methods as applied to hull component remanufacturing is

shown in Figure 2.11, discussed in detail in the next section.
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Observed Lean Methods
to Develop:

Context:
Type | Lean Remanufacturing (High-Product Variability)

Case:
Shipboard Component Remanufacturing

Internal Process Stability

- Virtual work cells created.

- Cross-functional production teams were created.

- Standard work developed for each work cell, highly general in nature.
- Consumables trailer established near dry dock for materials.

- Tool kits created for trade and specific job tooling.

- Visual metrics board established to track productivity to schedule.

Just-In-Time Production

- Work-in-process controls established for each supervisor and skilled trade.

- Pull system developed between work teams to manage WIP.

- Visual control board established to manage flow of production personnel.

- Production leveling through utilization of critical chain scheduling and WIP controls|

Built-In-Quality

- Implemented job rotation and cross-functional training.

- Phones strategically placed in production zones with direct line to engineering.
- Daily stand-up meeting of production team to discuss process abnormalities.

- Engineer assigned full-time to the production zones.

- Engineers carry pagers at all times for immediate contact.

Figure2.11 — Lean Methods Applied to Shipboard Component Remanufacturing

Lean methods to develop internal process stability

- Virtual work cellswere created: Thisis not awork cell in the usual sense of a

flow line in which materials move one piece at atime from station to station. We

call thisavirtual work cell because it was a physical segment of the ship to which

teams of workers flowed to complete a defined set of work tasks. Significant

discussion was held as to whether work cells should be created according to

physical boundaries or functional system boundaries. The team realized that a

system cut across large portions of the ship and interacted with other systems so it

would not be a defined piece of work. Thus, it was important for work cellsto

each encompass a single work area; similar to aroom in a house.
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Cross-functional work teams were created: Cross functional work teams were
created of employees from multiple tradesto work together within a single work
cell. These cross-functional work teams encompassed workers from each of the
major trades; with ateam lead from the lead trade group for that specific work
cell. The creation of these work teams lead to tremendous gains in terms of
teamwork, training, and communication between trade groups. Technical
engineers were not assigned specifically to work teams, but would rotate amongst
asmall number of teams.

Sandard work devel oped for each work cell: Thiswas not at the level of detail
one would see in a Toyota assembly plant in which tasks are shown in sequence
with times per task to the second. Initially, this work encompassed simply generic
operator instruction sheets and a checklist of stepsto complete, supported by a
technical drawing for specific questions. Over time as the process matured there
were opportunities for further detail in the definition of tasks and a preferred
seguence.

Consumables trailer established for materials: A portable trailer was established
alongside the dry dock, which housed awide variety of low-cost consumable
tools and materials that were regularly needed to complete common tasks. The
readily available tools and materials allowed the work teams to stay closer to the
work site, greatly reducing motion waste.

Tool kits created for trade and specific job: In the preexisting condition each
worker had their own personalized set of toolsin avery large, space-consuming

tool kit. Theseindividualized tool kits were expensive to purchase and to
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maintain and there were too many to locate them close to the point of use. Each
trade group identified a core set of tools that they were required to carry at all
times. These tools were acquired by the shipyard and distributed to all
appropriate personnel. Additionally, job-specific tool kits were created to
augment the trade-specific tool kits for key jobs (long-duration or repetitive).
Visual metrics board: A visua metrics board was established in the main
production offices. The primary production metric on these boards was the
percentage of overall work complete and the number of specific jobs that had
been completed. This board also was used for visual management to track the

schedule versus actual times for key activities of the work cells on adaily basis.

L ean methods to devel op just-in-time production

Wor k-in-process controls established: Work in process controls were established
for each supervisor. This prevented single supervisor from becoming overloaded
with open work items and forced them to complete tasks before moving on to new
work.

Pull system devel oped between work teams. Pull systems were created by which
each supervisor would place al open jobs on avisua control board. This board
indicated current priorities (highest priority at top of board) and number of open
jobs per supervisor. The board also identified when the supervisor closed a
particular job so that another could be opened.

Visual control board for flow: A visual management board was created that

highlighted the active work cells on the boat and the number of workersin each
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area. Thisallowed for improved communication and coordination of work in
very tight work areas.

- Production leveling: Mgjor initiatives were taken to level production within the
ships hull remanufacturing. A macro-level schedule was established and critical
chain project management software was used to devel op the top priority tasks for
both lead and support trades. Later, the ability to create a critical chain, resource
constrained schedule was added to the software capabilities, thiswasan I T
solution that helped level production. However, it had the effect of redefining top
work prioritieson aregular basis, frequently pulling workers from open jobs to

shift priorities to a new task.

Lean methods to develop built-in-quality

- Implemented job rotation and cross-functional training: Cross-functional work
teams dedicated to specific geographic zones of the boat were created. These
teams had a tremendous benefit for cross training of employees and effective job
rotation. Cross-functional training significantly improved the effectiveness of
each work team as expertise grew within several key skilled trades.

- Daily discussion of abnormalities: During morning job briefings each supervisor
held a meeting with employees to discuss abnormalities from the previous day’s
work. Issues for immediate resolution were addressed. Also, feedback was
provided to technical engineers, improving their technical instructions for the next

time that specific task was compl eted.
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- Engineer in the production work area: Engineers were assigned to specific work
cells to support production from atechnical perspective. Engineers had a pager
on them at all times so they could be reached immediately by production

employees within the work cell.

Case Study Example: Propulsion Shaft Remanufacturing
Case Study Context: Typell Lean Remanufacturing (High-Moderate Variability):

Remanufacturing Context: Propulsion shaft remanufacturing isa Type Il remanufacturing

process, asit is along-lead time process with low volumes (initially 300 days lead time,
approximately 15 components per year), with low-moderate condition dependability
(many failure modes and machined to extremely tight tolerances), resulting in every
component repair being unique. Each component must complete roughly 115

independent work processes for completion.

Work is done on avariety of large industrial equipment, including machining lathes,
sophisticated welding machines (both manual and computer-numerical controlled (CNC)),
and other specialized equipment. Components are extremely large, requiring ateam of
sophisticated riggers to coordinate a complex lift anytime a piece needs to be moved.
Therefore, efforts are made to reduce the number of moves per component; however, a
coordinated plan of component moves has not been attempted. Teams of approximately

12 workers are employed on three shifts to execute this process.
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Pre-existing conditions: Prior to lean methods being employed in the remanufacture of

propulsions shafts. Each component was tracked independently as it progressed through
115 milestone processes. Each component was subject to a significant number of starts,
stops, and interruptions in production. Little effort had been made to tie these processes
together into work cells or to optimize flow through any aspects of production. Priorities
shifted regularly as afunction of “what can be worked on today” and often a dozen or
more components would be in some state of progress at any time. Significant imbalances
and bottlenecks existed in the production process, highlighted most significantly by a
requirement for a4-6 week technical review and sign-off by atechnical expert located in
another city. Remanufactured products were regularly plagued with an assortment of
quality problems and “fire drills” would often occur every 6-8 weeks when a particular
component was badly needed to meet macro-schedul e constraints on an entire ship

overhaul and repair.

Post-1ean remanufacturing conditions. Once lean methods had been applied to the

remanufacture of propulsion shafts, the greatest benefit was in production lead time, as
this was reduced from 6-8 months per component to 6-8 weeks per shaft. The concept of
11 work cells and a pulsed production line brought tremendous stability and process flow
to production, as well as a dramatic decrease in time required to obtain technical approval.
Long-term demand rates were identified and required takt time was identified for each
shaft. Workerswould regularly utilize kaizen (continuous improvement) methodologies
to further reduce the cycle time for work cells not consistently performing to takt.

Additionally, significant gains came in the reduction in moves per component.
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Production was optimized to reduce the number of lifts, which are time consuming,

expensive, and very risky from a quality perspective as components are machined to

extremely tight tolerances and can be damaged in handling. A summary of lean methods

as applied to propulsion shaft remanufacturing is shown in Figure 2.12.

Observed Lean Methods
to Develop:

Context:
Type Il Lean Remanufacturing (High-Moderate Product Variability)

Case:
Propulsion Shaft Remanufacturing

Internal Process Stability

- Series of work cells created (11 total).

- Standard work scoped and created for each work cell.

- Level-loaded key machines, relieving bottleneck at new lathe.

- Shadow boxes created for management of disassembled parts.

- Tool cart developed for each work cell.

- Cycle time and output metrics consistently tracked and updated visually.
- Visual metrics board created for tracking progress to takt at each cell.

- Established long-term demand and takt time.

Just-In-Time Production

- Redesigned process layout for flow, moving several large pieces of equipment.
- Created one-piece pulsed production line.

- Work-in-process controls established.

- Material kits created and associated with each work cell.

- Established specialized lifting & handling equipment for speed and safety.

- Established engineer as full-time member of production team.

- Initiated several projects to reduce set-up time.

- Worked with customer to achieve long-term production leveling.

Built-In-Quality

- Implemented job rotation and production in cross-functional teams.
- Simplified technical paperwork.

- Developed a grid system for communicating condition.

- Modernized process with new lathe and automated welding process.

Figure 2.12 — Lean Methods Applied to Propulsion Shaft Remanufacturing

L ean methods to develop internal process stability:

- Seriesof work cells created: The shaft remanufacturing process was originally

thought of as 115 discrete steps which need to be completed. The processes were

grouped into eleven “buckets’ of work, which became the work content for each

of the cells. Many of the boundaries for work cells were selected based on the

equipment required for processing. The components are extremely large, and the
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idea was to do as much work as possible without physically moving the
component. This had a significant impact on the production process as the
objective then became to optimize flow through each of the 11 work cells, and not
push each component through all 115 steps.

Sandard work was devel oped at each work cell: Once the work content was
identified for each cell, standard work instructions were developed by the
mechanics and machinists for each work cell. Thisincorporated required tooling,
materials, external support (engineering, lifting & handling), and a visual
representation of each process.

Optimized utilization of all equipment: A primary bottleneck in this process was
the unavailability of arecently installed high-capability lathe, as aresult of
imbalance in utilization for the five key machines used in shaft remanufacturing
operations. Many functions currently performed on the new lathe could have
been performed on less capable equipment. All 115 process steps were eval uated
with regards to which machines were capabl e of the process and balancing of
equipment, greatly improving utilization by freeing up the key resource of the
new lathe. This played a significant role in defining the eleven work cells, and
resulted in relieving workload at the constraint machine.

Shadow boxes were used for disassembled parts: Similar to the concept of a
shadow board being used for tool control, shadow boxes were used for part
control during disassembly. A disassembly kit was complete when all parts of the
box were full. A specialized cart was also created for these parts. Movement of

these carts did not require specialized material handling.
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- Tool cart developed for each work cell: Required tools were identified for each of
the 11 work cells, tools were acquired, and tooling carts were developed. These
tool carts were not permanently located at each piece of equipment, but could be
wheeled to the work depending on which tasks were being performed. All
personal tools were removed from the work area and new tools and gages were
acquired and labeled to complete each of the tool carts.

- Cycletime and output metrics consistently tracked: Cycle time metrics are now
actively tracked and posted on the visual metrics board in the work area. A long-
term takt time was established. Cycle time per each component is tracked, so
employees can have a better understanding of their performance relative to
achieving customer demand (takt).

- Visual metricsboard: A visua metrics board was created to highlight
performance with regards to number of units completed and cycle time
performance per unit production relative to takt time.

- Setlong-term demand and takt time:  Process capability, historical process
performance, and customer demand were reviewed to identify areaistic and
appropriate long-term demand profile. Once thiswas created, takt time was
identified for key components and a balancing of work content was attempted

among the 11 work cells.

L ean methods to devel op just-in-time production:

- Redesign process layout for flow: Initially equipment used in remanufacture of

propulsion shafts was in several locations in various parts of the machine shop



with haphazard process flow. At significant expense, the production process was
redesigned to lay out the equipment to support flow in the production layoui.
Two large pieces of equipment were moved and one was added so that all
equipment could be arranged according to the flow of the product.

Created a sandblast satellite work cell: A satellite work cell was created, at a
serious investment, for shaft refurbishment in the same physical work area as
other repairs. Previously, components had to be shipped to another building for
sandblast at a central facility. This greatly improved service, quality, and
communication between work teams and enabled one-piece flow.

Created one-piece pulsed production line: Eleven process cells were created.
Process cycle time for each work cell was determined, as well as takt time for the
entire production line. Components could move through the system at the same
time, similar to a pulse of a non-continuous assembly line. This organization into
work cells created challenges; cycle time, and particularly cycle time variability,
had to be reduced. This reduction became the focus of improvement initiatives.
Work-in-process controls established: WIP was limited to one component per
work cell. The policy was that if that component was completed but the next
workstation was not ready to start work on it, production would stop and workers
would go help relieve the bottleneck.

Material kits created: Material kits were created for all mandatory replacement
parts (which were most of the parts that were not being remanufactured), and

staged near the machining area for use. Shadow boxes accounted for components
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that were to be disassembled and remanufactured. The two systems together
provided a highly successful design for material flow.

- Established specialized lifting & handling gear: As previously mentioned these
components are very large, heavy, and difficult to move. A railroad line was set
up going right into the work cell for movement from the outside. Additionally,
specialized rigging gear was established to better transport components without
damaging them during a move.

- Established engineer as full-time member of production team: The product is
remanufactured to precise technical specifications. An engineer is required for
validating the product and checking for any deviations from the print.

- Initiativesto reduce set-up time:  Activities reduce the time required to set-up
components in machines at each work station. Tooling and material kits were
created, as well as special fixtures and lifting & handling rigs for safe and quick
component movements.

- Production leveling: As previously mentioned, process capability, historical
process performance, and customer demand were reviewed to identify arealistic
and appropriate long-term demand profile. Once this was created, takt time was
identified for key components and balancing of work content was attempted

among the 11 work cells.

Lean methods to develop built-in-quality

- Implemented job rotation and cross-functional teams: In addition to the primary

mechanics and machinists in the work area, engineers and planners were assigned
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full-time to the propulsion shaft production support team. All employees spent
time learning to complete each task and operate each machine. Thisled to
tremendous knowledge sharing and cross-training as employees learned to better
appreciate and communicate tasks to their peers, and to flexibly reallocate
personnel when one station was ahead and another behind in production.

- Developed a grid system for communicating condition: A tremendous technical
advance came when a team of engineers and mechanics developed a standardized
grid system for communicating the exact condition of the component in various
physical locations. This grid system was identified on the component using chalk
and was used to communicate conditions in writing to the engineering analysis
team, along with digital photographs.

- Technical paperwork simplified: The grid system mentioned above served to
greatly simplify the technical paperwork, as well as a set of standard checklists
and critical measurement sheets which were established by the workersin the area.

- Modernized with automated welding process. Quality increased significantly
when a new automated welding machine was acquired and then modified to be
placed on arail line adjacent to alarge lathe. This allowed for automated welding

to occur on multiple axes of the component.

Case Study Example: Large Valve Remanufacturing
Case Study Context: TypeIll Lean Remanufacturing (Low-Moderate Variability):

Remanufacturing Context: Large valve remanufacturing isaType |1l remanufacturing

process, which is processed in higher volumes (approximately 200 components annually),
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with few major products (six families of valves, each with multiple configurations), and
moderate condition dependability (failure can occur on several surfaces, all with
relatively standard repairs). Remanufacture of large valvesis conducted in alarge
machine shop by a dedicated workforce of ten personnel; six personnel who disassemble,
evaluate, reassemble, and test valves; three personnel who machine and repair worn or
corroded valve surfaces; and one supervisor for the team. Support services such as
engineering, logistics support, and epoxy coating are not dedicated, but are available
upon request. Apprentice valve mechanics became senior valve mechanics, and the best
mechanic was typically selected to be the supervisor. The supervisor’s primary
responsibilities were to elevate process problems, interpret instructions, complete

paperwork for tracking components, and to ensure work for each mechanic.

Pre-existing lean remanufacturing conditions: Large valve remanufacturing was

averaging 180 days turn around from receiving the valve to shipping the valve and had
remained largely unchanged for decades. Finding work was not a problem for large
valve mechanics; at any time approximately 80 valves were in some stage of disassembly
or assembly in the system, most of them stored on large pallet racks on the shop floor
(large shelving units that held pallets of valves or components). For many months the
line had been operating with mandatory overtime for all employees, yet schedule dates
were never met, despite expediting many components, and performance to planned cost

Was very poor.
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The area consisted of eight work benches: each mechanic was assigned awork bench,
which would be used for a variety of processes including disassembly, analysis,
reassembly, and test & certification. Valve components would get routed to other
machining sections for processing: a cleaning station, a milling Section, a lathe work
section, and an epoxy coating section, each with unigque supervisors and work priorities.
There was not a clear process flow or shop layout. The primary management objective
was to keep workers engaged on the highest priority component. When the next step for a
component could not be performed, typically awaiting parts, technical instruction, or
attention from a support process, the next highest priority valve was taken from the pallet

rack and worked on.

Four engineers supported large valve remanufacturing for technical considerations.
However, these engineers supported the entire mechanical production shop. They always
had alarge backlog of condition reports (from the analyze valve condition process) to
answer. Frequently the engineers were not located in the production shop, but instead
were in their home engineering department (mechanical, electrical, structural, etc.). The
technical reporting process was cumbersome for many mechanics that were required to
write long paragraphs identifying existing conditions, and interpret engineering responses

also written in long paragraphs.

At the machining stations, long setup times existed for each component (on the order of

hours), leading to incentives to batch multiple valves of the same type in sequence,

regardless of priority. Toolswere frequently horded, and hard to find. Significant
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quality problems occurred at each step of the process, particularly with the epoxy repair
process completed in another building at the facility. Valve parts and sometimes the
valves themselves were hard to find. Mechanics spent hours looking for them, often
using parts scavenged from another valve that was eventually replaced when the lost

piece would be found.

Post-1ean remanufacturing conditions: At the completion of atwo-year focused effort to

apply lean methods to this process, the average cycle time, per component, was reduced
from 180 days to 40 days, overtime was eliminated, and cost & schedule goals were
regularly achieved. Quality was significantly improved, particularly itemsrelated to
paperwork and effective communication of component condition. A summary of lean

methods as applied to large valve remanufacturing is shown in Figure 2.13.

Context:
Type Il Lean Remanufacturing (Moderate-Low Product Variability)

Observed Lean Methods Case: .
to Develop: Large Valve Remanufacturing
Internal Process Stability | - Four work cells were created (receiving, disassembly/assess, repair, assembly/test)

- Standard work was developed at each work cell.

- Contingent repair instructions developed for each valve.

- Machining work cell created and aligned to large valve management.
- Epoxy work cell created (new equipment in the cell)

- Tool kits created for common processes.

- Cycle time metrics consistently tracked and posted weekly.

- Visual metrics board to track and communicate production.

Just-In-Time Production - Co-located equipment (test, repair, epoxy)

- Redesigned process layout for flow.

- Work-in-process controls established and continuously reduced.

- Pull systems and buffers developed between each work cell.

- Visual control board for flow.

- Material kits created for all parts, some contingent, others mandatory.

- Lifting & handling integrated into production with small hoist.

- Production Leveling through WIP controls and additional non-ship-specific work.

Built-In-Quality - Andon system (visual andon board) located in high traffic area.
- Machining-epoxy fixtures created, significant quality improvement resulted.
- Technical paperwork simplified and key dimension sheets created.
- Implemented job rotation and cross-functional training.
- Daily stand-up meeting of production team to discuss process abnormalities.
- Engineer assigned full-time to the shop floor.

Figure 2.13 —Lean Methods Applied to L arge Valve Remanufacturing
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Lean methods to develop internal process stability

Work cells were created: Valve remanufacture was originaly considered as
approximately twenty unigue steps and individual work stations performed
everything they could, asin the old days of building aModel-T car in one place.
By organizing a flow line and through process improvements these were
consolidated to four production cellsin aflow layout (receiving, disassembly,
repair, and reassembly/test).

Sandard work was devel oped at each work cell: Mechanics and machinists
worked together to develop standard work instructions, checklists, and set-up
sheets for each work cell.

Visual management implemented: Extensive visual management was instituted in
the work area as work areas were cleaned and work cells and work stations were
marked. A central production control board illustrated the status
(red/yellow/green) and location (work cell or buffer) of every component, as well
as associated process problems. Thislead to tremendous improvementsin
communication, organization, and general workplace cleanliness, including
disposing of large quantities of excess and retired parts.

Contingent repair instructions developed for each large valve: The technical
instructions were expanded to included appendices for common failure modes and
repair instructions. They acted like recipes for standard meals. This empowered
amechanic to initiate repairs without engineering signature, effectively removing
a bottleneck from the process. Thisimproved quality, particularly quality of

paperwork, and assisted in training new employees.
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Satellite epoxy work cell was created in the process flow: Repair work cells were
created and co-located for mill machining, lathe machining, and epoxy repair
processing. Intheinstance of epoxy repair, where it had previously been located
severa buildings away, a satellite work cell was created in the valve repair area.
Machinists that operated these machines were incorporated into the valve repair
team and reported to the valve repair supervisor, with dotted-line responsibilities
to their functional supervisor. This created tremendous teamwork, synergy, and
joint learning between the mechanics and machinists; leading to significant
improvements in quality and communication.

Tool kits created: Tool kits were developed for avariety of applications. In some
instances, a core tool set was identified, acquired, and maintained at a particular
work site. In other instances, specialized tool kits, specific to a complex repair
and/or component were identified, stored in a central location, and brought to the
job as needed. Improvements in tooling made a significant impact on quality and
scrap rates as all mechanics were now able to consistently use correct tooling for a
job.

Cycle-time metrics consistently tracked: Cycle-time metrics had never been
utilized before. Key performance metrics included the number of units completed,
percentage of on-time delivery, and average cycle time per component. This
created a sense of camaraderie and agreat deal of motivation to set challenging
objectives and meet them. Previoudly all metrics had been cost-related, largely

preventing mechanics and machinists from relating to their impact on the metric.
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- Visual metrics board: A visual metrics board was established in the work area to

track daily performance on the cycle-time metrics.

L ean methods to devel op just-in-time production

- Co-located equipment: In addition to the epoxy machine mentioned above,
severa other pieces of equipment were co-located in the production area.

- Redesigned process layout for flow: Once al work processes were co-located in
the primary work area, work benches and two |lathes were moved to better support
flow between work cells. The result was alogical u-shaped flow between the four
work cells of receiving, disassembly, repair/machining, and assembly/test.

- Work-in-process controls established: Each work cell and each intermediate
buffer was capped with a maximum number of components permitted. This
buffer improved level-loading of production and prevented a large build-up prior
to valve machining (the process bottleneck).

- Pull systems developed between work cells: The WIP controls acted as a pull
system. Once the maximum for each buffer was reached, work on the preceding
process would stop, and then proceed when a component was moved or
completed. Asthe buffersfilled up, workers were expected to find other useful
activities, including continuous improvement. Components waiting processing in
buffers were not required to adhere to strict FIFO restrictions; each buffer allowed
for are-shuffling of component priorities.

- Material kits created: Material kits of “mandatory replacement parts’ were

created for each component. A system was developed for contingent material
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items to be acquired from a secured “ supermarket” in the valve repair work area,
or were standard stock items that could be provided in atimely manner by the
supply system. Much effort was placed on applying lean methods to the supply
chain, resulting in asignificant increase in flow as parts became more readily
available. Having alimited number of valvesin process allowed for clearer
prioritization to expedite needed parts.

- Lifting & handling integrated into production: Specialized large valve pallets
were created for safely wheeling components around the factory, while keeping
materials, instructions, and tooling, together. Additionally, low-capacity jib
cranes were acquired and strategically placed within the production area. High-
capacity overhead cranes (and supporting lift team) were not required for
handling heavy components.

- Production leveling: Large valve remanufacturing had traditionally had
significant variation in production demands over time. A set of non-urgent valves
for remanufacture were identified (to be placed in finished good inventory).
These components support production during low demand periods. Buffer
management and WIP controls enabled the production system to function more

efficiently during times of peak production and emergency component repairs.

Lean methods to develop built-in-quality

- Andon system created: A crude, but effective communication system was
developed by attaching red tags to components that were waiting for external

assistance to continue processing. Similarly, on the visual control board, a small
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red magnet (with the required support identified) was placed next to the
component and located where senior management would see the andon signal
regularly.

Machining fixtures created. Fixtures were created for machining set-up and
machining of componentsin lathes, mills, and epoxy ovens. Machinistsin the
work area established a visually managed set-up instruction guide for every
component. Many of the fixtures incorporated turntables, flexible fixture plates,
and rotating capabilitiesin each axis. Machinistsin the areaingeniously designed
and manufactured these fixtures, which created less scrap and less machining
downtime for part changeover and setup.

Technical paperwork simplified: Effortsto develop pre-engineered repair
instructions reduced writing and simplified technical instructions. The
development of pre-engineered repair instructions additionally reduced variability
between engineersin repair recommendations. Mechanicsin the work area
developed an assortment of set-up guides, assembly/disassembly “cheat sheets’
and checklists.

Implemented job rotation and cross-functional training: All valve repair
employees were required to spend several days cross-training with fellow workers,
even if thisinvolved crossing production trades. This resulted in improved
teamwork and |earning throughout the entire production team.

Daily discussion of abnormalities. The valve remanufacture work team
assembled each morning for five to fifteen minutes to address abnormalities,

guality defects, and lessons learned from the previous day.
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- Engineer on the shop floor: A technical engineer was assigned full-time to the
production shop, his desk permanently located in the middle of production. This
location allowed for quick resolution of minor technical issues aswell as

teamwork and joint learning between the engineer and production workers.

Case Study Example: Transponder Remanufacturing
Case Study Context: Type IV Lean Remanufacturing (Low Product Variability):

Remanufacturing Context: Transponder repair is considered a Type IV remanufacturing

process for its combination of high-volume (1500 components per year), high
standardization of components (2 similar components processed), and high condition
dependability (most components go through the same set of mandatory replacement
processes). This remanufacturing application isthe most similar to a Toyota assembly
line. Two types of transponders are remanufactured on one production line of 12
employees. Each transponder weighs approximately 30 pounds. The repair process
requires disassembly, cleaning, component replacement, component repair as needed,

reassembly of electronic and mechanical systems, and test.

Pre-existing lean remanufacturing conditions: For years the transponder remanufacturing

process had struggled to meet demand, a demand expected to increase significantly in the
coming years. The work was generally performed by apprentice-level mechanics paid at
alower rate than experienced mechanics. Work on components occurred in batches of
approximately 20 transponders - the quantity received from the supplier. Quality

problems were not significant, but did exist due mainly to incorrect processing and a
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particularly cumbersome plastic repair process. The bottleneck production process was

the test phase, which was performed in atest facility at the opposite end of the shipyard.

Post-lean remanufacturing conditions:

Asaresult of the lean methods applied, the transponder remanufacturing line was able to
nearly triple production throughput. This line became one of the most impressive
examples of lean transformation as an inefficient batch production shop became a high-
performing mass production-like assembly line within less than ayear. The start-and-
stop batch production was replaced with two parallel flow lines of production; one
specialized for each of the two types of components. A summary of lean methods as

applied to transponder remanufacturing is shown in Figure 2.14.

Context:
Type IV Lean Remanufacturing (Low-Product Variability)

Observed Lean Methods Case: .
to Develop: Transponder Remanufacturing
Internal Process Stability | - Two parallel production lines created, one for each major component.

- Highly specific standard work developed at each work station.

- Workstation-specific tooling identified.

- Cycle time and output metrics consistently tracked.

- Visual metrics board tracked daily, weekly, and monthly production.

- Pre-screening of components to identify those not worth remanufacturing.
- Acquired specialized lifting & handling devices for each production line.

Just-In-Time Production - Redesigned process layout for flow.
- Work-in-process controls established with little buffer between work stations.

- Created one-piece flow production line.

- Acquired satellite test tank and co-located.

- Initiated many efforts to reduce (and ultimately eliminate) set-up time.
- Developed specialized material handling cart.

- Worked with customers to develop long-range production leveling.

Built-In-Quality - Acquired component & process specific gages.

- Developed specialized mold for plastic repair process.

- Implemented job rotation and cross-functional training of employees.

- Simplified technical paperwork, eliminating all together in standard production.

Figure2.14 —Lean Methods Applied to Transponder Remanufacturing
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L ean methods to develop internal process stability

Two parallel production lines created: Pre-existing conditions had work
processes begin work cells spread around a machine shop. Processes were lined
up in two parallel production lines, one for each of the two transponders being
remanufactured. The production lines shared resources for the clean and test
stage. Each production line had eight work stations (disassembly, clean, repair
(x2), reassemble (x3), test)

Sandard work was devel oped at each work station: Visual standard work
instructions were developed by mechanics at each of the eight work stations.
These instructions included pictures of the layout, pictures of acceptable and
unacceptable components, and pictures for assembly. The pictures showed the
steps to be followed, in sequence, and with standard times for each step. These
work instructions were regularly reviewed and updated by the production team.
Workstation-specific tooling identified: Mechanicsidentified their exact needs for
each production step and tool requirements for each workstation were
standardized. Tools were acquired to meet needs, color-coded for each work
station, and ergonomically placed at each work station. All personal tools were
removed from the work area, and mechanics identified their exact needs for each
production step.

Cycle time and output metrics consistently tracked: Weekly output and cycle
time metrics were tracked and posted in the work area. Key performance metrics

were the number of units completed, percentage of on-time delivery, and average
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cycle time per components delivered. Previoudly, performance metrics had not
been communicated to employees. These metrics now became aweekly challenge
to improve upon the previous best.

- Visual metrics board: A visua metrics board was established and placed in the
production areato display the metrics.

- Pre-screening of components for remanufacture: These components are generally
considered an easily replaceable commodity. A cost benefit analysis determined
that discarding excessively damaged components for parts was more cost
effective than to attempt remanufacture. Aninitial visual inspection is now
conducted on all components and avery small percentage of components are set
aside for later disassembly and utilization as spare parts.

- Acquired specialized lifting & handling device: A specialized scissor lift was
acquired and placed along the conveyor. The lifting device could be used to
ergonomically lift componentsinto a key machining process. Thisalso
significantly reduced the lifting requirements associated with each component.
The device was set on atrack roller system such that it could service both

production lines.

Lean methods to devel op just-in-time production

- Co-located equipment: A new test tank was acquired and co-located with the rest
of the production processes. Previoudly, testing processes occurred in another

building, far from the primary production operations.

79



Redesigned process layout for flow: An extremely significant improvement in the
remanufacture of transponders came when two parallel flow lines were
established to achieve continuous production. Nearly every machine was moved
to support this production and batches were broken from their original size of 20,
down to a single-piece flow.

Work-in-process controls established: Inventory controls throughout the
production lines were tightly controlled and buffers were very small. Workers
were easily able to shift from one production process to the next as needed to
maintain production.

Created one-piece flow production line: The new production lines were set up to
support one-piece flow and FIFO by utilizing a single long roller-conveyor for
movement of each component. This flow allowed processes to be tightly coupled
visually, and allowed workers to shift workstations as necessary to support the
workload.

Acquired satellite test tank: A smaller testing apparatus was acquired that could
be co-located with the production process and was always available to support the
transponder remanufacturing line.

Initiatives to reduce set-up time: The new smaller testing apparatus did not have
the capacity (20 components) of the previous facility. With the use of a smaller
test facility it became critical to load and unload parts for testing very quickly.
Standard work was developed for test set-up. Specialized material handling
devices were created. The output of testing increased the number tested, while at

any one time decreased.
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Devel oped specialized material-handling cart: A small cart with rollersto rotate
the piece was developed for each component. Specially-sized carts were
established for each of the two sizes of components. These carts were designed
and produced by mechanics in the work area and were very simple constructed
out of wood, ball bearings, and small casters. This simple design significantly
reduced the amount of handling required per component.

Production leveling: The production team worked with customers and suppliers
to develop along-term demand profile, and to establishing alevel production
schedule to meet demand. Thislevel schedule enabled a steady flow of
components through the parallel lines and a daily understanding of cycle time as

compared with takt time.

Lean methods to develop built-in-quality

Acquired component & process-specific gages: Required measurement and test
gages were identified for two of the work stations. Only one set of gages had
existed, and they were not ideally sized for the components. An appropriately
sized set of component and process gages were acquired, with the existing set
serving as a backup when gages were being calibrated.

Developed mold for plastic repair process: One process repaired plastic molding
and removal of excessplastic. A new mold was designed that significantly
reduced excess plastic and injected plastic through a non-critical surface such that

the time required for removal of excess material was reduced.
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- Implemented job rotation and cross-functional training: All production
employees became proficient at each work station. They were able to surge as
needed depending on demand for each of the two components. Additionally,
engineers, quality control and logistics personnel took turns on the production line.
This experience improved communication, cross-training, and ultimately quality
for the overall production.

- Technical paperwork simplified: The technical paperwork for transponder repair
was practically eliminated. Paperwork was only required if an exception to

standard work was identified — arare occurrence.

LEAN REMANUFACTURING CASE STUDY DISCUSSION
Do lean production tools and techniques apply within the remanufacturing context? The
four case studiesillustrate effective application of lean methods in the remanufacturing
context. Detailed cost-benefit analyses were not presented, but the benefits
overwhelmingly paid for any costs of implementation. This paper has highlighted there
isnot ssimply one best lean solution that applies in this context, but many. Just as
manufacturing a small industrial pump differs from manufacturing alarge airplane, the
remanufacturing of these such productsis equally diverse. This discussion will highlight
ways in which lean solutions were modified to address different remanufacturing
contexts. The discussion also addresses whether lean is a new paradigm of
remanufacturing or simply maturation to the appropriate methods that would be

suggested by scholars like Woodward, Wheelwright and Hayes.
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Breaking the Tradeoff Between Flexibility and Efficiency with Lean Methods:

In The Machine that Changed the World (Womack, Jones, and Roos, 1990), the term lean

production was introduced to describe anew “paradigm” of manufacturing that broke
many of the rules of traditional mass production. It was more than“maturation” - actually
anew way of looking at old problems. The original frameworks reviewed here, including
the product-process matrix, suggest a clear tradeoff occurs between flexibility and

efficiency, and that the efficient frontier is fixed and rigid.

Remanufacturing needs flexibility. Variability isinherent in the technical process
performed. The original component must be inspected and different tasks performed
depending on findings of the mechanic. Craft-like methods such as the job shop would

seem as far as one could get for the more highly variable products and processes

The lean remanufacturing case studies addressed in this paper suggest that lean thinking
can move remanufacturing beyond their current placement within the PPM space. As
seen in Figure 2.15, the four cases illustrate four unique remanufacturing contexts. Prior
to application of lean methods to each of these cases, they would have been considered
well “above the diagonal”, an inefficient process even in the normative model determined
by authors of the product-process model. The cases of ships hull, propulsion shaft, and
large valve remanufacturing would have been considered as job shop production; the case
of transponder remanufacturing would have been considered as batch processing.

Yet, in al cases the shipyard was able to move beyond the limits of a jumbled job shop.

Lean efforts focused on getting as close as possible to one-piece flow. The ability to
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approach one-piece flow was limited in three of the four examples. The case of
transponder remanufacturing, with low-product variability was able to approach one-
piece flow, similar to an assembly line process - or in this case disassembly, inspection,
and reassembly. The other three cases all moved closer towards the diagonal of

efficiency suggested by the product-process matrix.

Figure 2.15 illustrates how each process moved closer to achieving the PPM models
diagonal of manufacturing efficiency, even though in the precondition they were thought
to represent aless mature job-shop production. What appeared to be a Type | process
moved toward a Type Il solution and so on. In a sense the paradigm of the product-
process matrix was challenged by viewing the product and process in adifferent way.
While this chapter talked about the before-and-after conditions as snapshots, in reality the
post-lean solution was the result of an evolution. This evolution was a progression
moving toward continuous flow. Significant opportunity for improvement remained in

the “post-lean” state.
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Figure 2.15 - PPM Impact of L ean Remanufacturing | mplementation

Adaptation of Lean Methods to the Lean Remanufacturing Context:

The application of lean methods to the four case studies discussed here are as unique as
the four case applications themselves. The highly flexible and robust |ean methods
developed in the Type | context of high variability production contrast with the highly
structured and specific lean methods applied in the Type IV context of low variability.
On the whole, the appropriate application of lean methods paralleled to the production
process. Importantly, al four cases used the same process and the same principlesto
move in the direction of continuous flow. This discussion will focus on the application of
lean methods in each of the four contexts, focusing on key dimensions of developing
internal process stability, devel oping just-in-time production, and devel oping built-in-

quality.
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Lean Methodsto Develop I nternal Process Stability in the Remanufacturing Context:
In considering the application of lean methods to develop internal process stability, the
lean concepts of standard work instructions, creation of work cells, use of visual
management, and consistent presentation of tools and materials were considered in all
cases. Figure 2.16 summarizes application of lean methods to develop internal process

stability in the four cases examined.

Standard Work Instructions: The most identifiable characteristic of standard work

instructions to the four applications of lean remanufacturing was the detail associated
with the instruction. In the case of high-variability (Type 1), work instructions were
developed as generic operator instruction sheets and a checklist of steps to be completed,
at the same time placing significant reliance on the technical drawings accompanying the
mechanic. Standard work instructions were seen to develop greater detail and precision
with Type Il and Type Il applications, to the Type IV application, which had detail down

to the point of standard process times for each step.

Work Célls. Inthe Type | lean remanufacturing case; the work cell was defined virtually,
as a geographic zone where a cross-functional team of workers would converge for
production. Inthe Typell instance it was one of 11 distinct phases of production, with
boundaries of production largely based on the desire to reduce the number of complex
moves for the large components. Type |11 work cells were defined by the more natural

phases of component remanufacturing: receiving, disassembly, machining/repair, and re-
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assembly/test. Inthe Type IV application, asingle flow line was created, like an

assembly line.

Visual Management: Visua management differed in the level of detail it portrayed. In

the Type | case, visual management identified the physical zonesin which production
was taking place, and afew very macro-level metrics. Inthe Typell and Typelll cases,
metrics became more detailed. Inthe Type |V case, metrics also became more detailed
as performance to takt time was maintained throughout the day. Inthe TypelV case, the
status of production was visual at al times as aresult of the highly standardized linear

flow of production.

Tool & Material Presentation: In aType | remanufacturing context the tool and material

presentation is generic to the trade of the worker and has little to do with the actual work
being conducted. All necessary tools and materials can be acquired, as necessary. Inthe
Type Il context, tools are specific to the work station, in Type 11, both tools and
materials are kitted, per specific component. InaType IV application, point-of-use
tooling and material is utilized, while tools are fixed at each workstation and materials

are located in bins.
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Lean Methods to Develop Just-in-Time Production in the Remanufacturing Context:
In considering the application of lean methods to devel oping just-in-time production, the
lean concepts of redesign of process for flow, pull systems, production leveling, set-up
reduction, and work-in-process controls are examined. Figure 2.16 summarizes

application of lean methods to devel op just-in-time production in each of the four cases.

Redesign of process for flow & co-location of equipment. Redesigning the process for

flow was an equally important aspect of |ean remanufacturing in the case studies of Type
[1-1V. In each instance, co-located external processes, establishing satellite work cells
and overall reorganization for flow was a significantly enabling step for all other lean
methods. In Type | remanufacturing, where work was completed aboard the shipin a
seemingly virtual work environment, significant efforts were being made to redesign the
technical process for work flow. This, however, has proved to be far more difficult asit
must be done on ajob-to-job basis. In the longer-term the ideal solution would be to
consider work flow for remanufacturing in the original design of the equipment, for

example, considering modular designs of component systems.

Pull systems: Pull systems were important in establishing control of the production
process in the context of Type I-IV remanufacturing. The Type | case pulled materials
and tools as they were needed to the work cell. Inthe Type Il case, pull systems were
used to establish a pulsed production line, and in Type I11 case, pull systems at each

buffer were used to manage the variability in different component sizes, conditions, and
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type of repairs. Inthe Type IV case pull systems were used to initiate the flow line with a

regular demand schedule.

Production leveling: In the remanufacturing context, production leveling was atotally

new concept for each of the four cases examined. Production leveling and pull systems
were of particular importance in each case due to the tendency within remanufacturing to
disassemble each component as soon asit is received. Production leveling, in each
instance, served to decrease the urgency of component induction to the process reducing

WIP.

Set-up reduction: Set-up reduction played a significant rolein Type I-111

remanufacturing. Inthe Typel case, set-up was the time required for an employee to get
to the job site with all tooling, materials, and instructions to complete atask. Inthe Type
Il and Type 11 cases, set-up reduction was applied in traditional contexts to reduce the
amount of time required to set-up a component for processing. Results were significant

for each case. Inthe TypelV case, setups were able to be eliminated completely

Work-in-process controls. As previously mentioned, pull systems and work-in-process
controls were critical to gain process control in each case examined. Within
remanufacturing, the tendency is to disassemble components as soon as they become
available, creating a glut of WIP through all lead and support processing. WIP controls

serve to maintain priority and focus on the key tasks to be compl eted.
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Lean Methods to Develop Built-in-Quality in the Remanufacturing Context:

In considering the application of lean methods to developing built-in-quality, the lean
concepts of simplified technical instruction, error-proofing, integration of technical
support, and andon were examined. Figure 2.18 summarizes application of lean methods

to develop built-in-quality in each of the four cases.

Simplification of technical work instructions and processes. In Type IV remanufacturing,

lean methods effectively eliminated technical instructions, except in rare instances of
irregularities from standard work. In Type I1l remanufacturing, the most impressive
simplification of technical instructions, contingent repair instructions were created,
authorizing immediate technical resolution to common failure modes. Inthe Typell case,
the zone coordinate system what was established was transformational to the condition

assessment process with its ease of communicating existing condition.

Error-proofing; fixtures to achieve improved quality in processing: Fixtures were created

for both machining and material handling purposes. In Type I1-1V applications, fixtures
were created that significantly improved the overall quality of machining and reduced the
likelihood of accidental damage during transport. In Type | applications, variability of
product and process was so high that error-proofing efforts did not make a significant

impact beyond methods to better handle components in shipment.

Integration of engineer to production process. Integration of the engineer into the

production process is seen as the counterpart to simplification of the technical
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instructions. In Typelll and Type IV applications, paperwork was simplified to the point
the engineer does not play an integral part of production. However, in Typel and 11
applications, the engineer was considered of vital support to production. Inthe Typel
case, the engineer carried a pager at all times and was to be able to provide near

immediate support to any production team.

Andon system: Andon support systems played amajor rolein Type | and Typelll case

studies, yet each was very different from what would be seen on a Toyota assembly line.
In the Type | case, andon existed as phones strategically placed throughout the work site
with adirect line to an engineering support desk. Inthe Type Il case, andon took the
form of asimple flag in ahighly visible part of the shop, identifying the requested
support. Inthe Type IV case, the production process was so visual and engineering and

planning support was so close by, that an actual andon system was not used.
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CIM REMANUFACTURING CONCEPTUAL ANALYSIS
The discussion thus far has focused on the application of lean production tools and
techniques in the remanufacturing context. Y et, for the tremendous benefits lean has
produced in a number of industries, it is not the only modern production methodology
recommended for its dramatic improvement over traditional mass production. Computer
integrated manufacturing (CIM) and flexible manufacturing systems (FMS), are

additional techniques which have been popularized in recent decades. (Daft, 2004)

This section chronicles one example of application of lean production and CIM to the
same product and process - large valve remanufacturing. The large valve (Type [11) lean
remanufacturing case study occurred between 2002 and 2005. In 1995 a high-technol ogy
government research facility approached the shipyard about deployment of CIM to the
same process of large valve remanufacturing. The research facility had expertsin CIM
and had successfully deployed these techniques with other clients. A detailed
implementation proposal was written, however, the CIM implementation (projected at

$2M in cost) was never funded.

Interestingly, the 1995 proposal discussed the [then] current conditions of excessively
long cycle times, inability to meet schedules, and challenges associate with poor quality.
The researchers highlighted bottlenecks of technical instructions in response to condition
assessment and machining due to non-dedicated resources. From thisreport, aswell as
interviews with employeesin the work area, the process experienced little change in the

seven years between the CIM proposal and |ean remanufacturing implementation.
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In studying the CIM implementation proposal, the primary objectives were to: 1) improve
processing speed and quality of information at the condition assessment process, and 2)
utilize information technology systems to improve decision making and data storage
throughout the entire valve repair process. Elements of the proposed implementation
included:

- Computerized technical work documents. L aptop computers were to replace paper
technical work documents. Computerized technical instruction would hold all
checklists, procedures, and additional required information such as technical
drawings and blueprints associated with large valve remanufacturing. Data would
be input by mechanics and uploaded daily to a central database.

- Coordinate Measuring Machine: A coordinate measurement machine (CMM)
would be acquired and utilized to improve the accuracy of the measurement
process (part of the condition assessment procedure), which was currently done
by hand.

- Partstracking via bar code system: A bar code scanning system was to be
established for tracking all parts used in large valve repair.

- Automated parts storage system: A large storage system was to be built in the
large valve production areato store all valves and associated parts, e.g., replacing
the manual pallet rack system.

- Automated machining: Valve datafrom the CMM was to be input and large
pallet fixtures were to be created such that setup in the CMM and for machining

could be improved.
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- Pre-engineered repair instructions: Historical failure modes and common repairs
were to be evaluated and analyzed so that standard repairs could be prescribed
and mechanics could be empowered to execute.

- Rapid manufacturing part production cell: Utilizing a CNC Lathe, unique parts

could be rapidly manufactured to support assembly.

The overall objectives of the study were identified as cutting cost and cycle time, while
improving quality and overall efficiency. These initiatives would likely have improved
performance in large valve remanufacturing. Interestingly, the CIM improvement
methodology differed significantly from that of lean remanufacturing, which also

dramatically improved upon current performance at far less cost.

Ultimately, the lean application was implemented effectively, and became very
successful. Thisis not to say that lean better than CIM, and in fact CIM could be part of
alean solution. It does suggest that when a particular technical solution isforced onto a

process it can actually do more harm than good.

CIM REMANUFACTURING CONCEPTUAL ANALYSISDISCUSSION
The conceptual analysis of proposed CIM and actual lean production in the large valve
remanufacturing context provides an interesting opportunity to compare two popular
production methodologies. This discussion will review differencesin lean, CIM, and

traditional mass production along several operations management dimensions, and earlier

97



research conducted with regards to CIM and the previously discussed product-process

matrix.

Comparison of Large Valve Remanufacturing: Mass, CIM, Lean Perspectives

The proposed methodology of CIM and actual implementation of lean production in large
valve remanufacturing are compared with conditions before introduction of lean methods
in Figure 2.19. Therowsin thisfigure are dimensions of operations management,
including: production strategy, inventory strategy, process flow, utilization of technology,
employee engagement, and inter-departmental communication. Many dimensions of
operations management could have been used in the comparative study; however, it was
believed these dimensions would best illustrate key differences in production philosophy

and implementation.

. . Traditional Computer
Dimensions of T Lean
O] ti Mass Integrated Manufacturing
L —g—.
erations Production Manufacturing 2005
Management (2002) (Proposal - 1995) (2005)

. Optimize utilization Optimize processing Create continuous
Production of resources. speeds. Leverage flowr. Reduce WIP.
Strate information for better and

faster decisions.
Inventory Inventory strateqy is LLitilize automated WIP reduction is a
Strate subservient to optimize retrieval system for methodology for pressuring
strategy utilization of resources interchangeability production process.
Stove-piped as they Production Cells developed Production Cells
Process Flow evolve over time around equipment and developed around
technology. process flow.
Utilization of "technology” exists High "technology” leveraged to | "technology” utilized at
T with skilled laborers improve processing time and points to enable flow
CLi0 information flow
Employee Workers execute "Experts” brought in to Cross-functional teams
Engagement instructions per engineer | deploy technology engaged to improve
instruction or manual processes
Inter-Departmental Stove-piped, Improved communication Improved communications
Communication confrontational through IT tools through templates & wvisual
communication controls

Figure 2.19 —Mass, CIM, and Lean Large Valve Remanufacturing
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The traditional mass production perspective has the strategic objective of optimizing the
utilization of resources, particularly the valuable time of production mechanics and
expensive equipment and an emphasis was placed on management to keep production
going at all times. Inventory strategies were secondary to the need to maintain full-
utilization of resources. Process flow was highly stove-piped, particularly in recognition
to the evolution of the physical plant over time. New machines had largely been placed
where there was available space, with little thought for sequential process flow, aslong as
each machined could maintain high utilization. High technology was used sparingly in
the process; rather, technology was inherent in the craftsman skills of the experienced
mechanics. Production workers in the large valve remanufacturing process were not
engaged in improvements, nor had they ever been engaged. Historicaly, process
engineers, process planners, shop process managers, had worked as technical subject
matter expertsin al improvement initiatives. Inter-departmental communications,
primarily communications between the production shop, technical engineering, and
support production shops (quality, lifting & handling, etc.), were functionally stove-piped
and at times confrontational. Each group was measured independently using a unique set
of measurement criteria. In some instances these measurement criteriawere not in full

alignment with resource needs of the large valve remanufacturing operation.

The CIM proposal was centered upon the production strategy of optimizing processing
speeds with advanced robotics and leveraging information technology systems for better
and faster decisions in the component analysis process. The inventory strategy for CIM

implementation was based on the utilization of the automated retrieval system. The
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automated retrieval system had an extremely large storage capacity, such that large
guantities of valves and valve parts could be stored for possible utilization in the future.
The proposed automated retrieval system was state of the art in its capacity and ability to
rapidly store large quantities of inventory. The new system was designed by the experts
from the external government agency and internal manufacturing engineers, with little
input from production employees. It was anticipated that inter-departmental
communications would have been improved as aresult of information technology tools,
specifically in that |ess face-to-face interactions between engineering and production

would need to occur as the data exchanges were done electronically.

The implementation of lean methods within large valve remanufacturing focused on the
production strategies of reducing work-in-process and creating continuous flow of
components. During this deployment, inventory levels were seen as a mechanism for
pressurizing the production process and driving process improvement. Production cells
(receiving, disassembly, machining/repair, and re-assembly/test) were devel oped around
the process flow. High-technology was not used in implementation; however, new
technology was used in the form of an upgraded wash machine and epoxy repair process.
Improvements and redesigns of the process were conducted by cross-functional teams of
production employees, technical engineers, external lean experts, and other support
personnel. Inter-departmental communications improved dramatically through a
simplification of information to be communicated, the use of standard work instructions

and templates, and visual control boards.
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Lean and CIM in the Product-Process Matrix:

In earlier discussions the Product-Process Matrix was used to link production

methodol ogies, on various degrees of technical complexity and context. It was suggested
PPM trade-offs between flexibility and efficiency have become somewhat outdated in
today’ s environment of point-and-click design of laptops and customized clothing at low
costs. A 1988 study by Paul Adler identified that CIM, developed long after the PPM
model was first published, broke away from the assumptions of the PPM required trade-
offs. According to Adler, CIM offered new production possibilities capable of marrying
efficiency and flexibility at the same time. This occurred through the use of highly
flexible robotics, advanced information systems, and automation of equipment. In his
study, Adler proposed a new efficiency frontier of the PPM for firms utilizing CIM; one
“flattened or bowed out to the left”. This failed adherence to trade-offs was similar to the
discussion earlier in this paper regarding lean production. As shown below in Figure
2.20, lean manufacturing and CIM offer asimilar new operational efficiency frontier to
the PPM. Theimplications of this discussion for an organization utilizing production
principles of lean manufacturing or CIM isto suggest that low-volume, standard parts can

be produced efficiently with near continuous flow.
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Figure 2.20 — New PPM Efficiency Frontier created by Lean and CIM (Adler, 1988)

Comparison of Organizational Design Characteristics:
Taking a broader look at characteristics of organizational design between mass
production, CIM, and the Toyota Production System (lean), a summary of organizational

characteristicsis shown in Figure 2.21.
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Figure 2.21 — Organizational Design Characterization of Mass, CIM, and Lean

As previoudly discussed, CIM and lean each enable the production of low-volume

components with efficiencies approaching assembly line flow. However, their

organizationa design methodologies are very different. TPS and CIM encourage a

narrow span of control by each level of management, while mass production proposes a

wide span for extensive control. CIM promotes few hierarchical levels of organization;

TPS and mass production propose many. However, as documented by Adler and others,

TPS has successfully achieved an enabling infrastructure of hierarchical bureaucracy, as

opposed to atraditionally coercive organization. Within TPS and mass production, tasks



are generally routine and repetitive, while CIM recommends adaptive and craft-like tasks

to promote learning and teamwork.

Specialization of production islow in CIM, moderate-high in TPS, and high in mass
production. In paralel, decision making is decentralized with CIM, centralized with
traditional mass production, and decentralized with an emphasis on clear boundaries
within TPS. CIM encourages a self-regulating and organic organization structure; mass
production recommends a mechanistic bureaucracy, and TPS successfully creates an
organic bureaucracy. Both CIM and TPS encourage teamwork, though in TPS the
objective of teamwork isfor processesto continually improve, in CIM teamwork is

intended to effectively operate machines.

Training within CIM is broad and frequent, while mass production generally deems
training as unnecessary, recommending it be narrow and onetimeonly. InaTPS
environment, training should be frequently given, and both broad in terms of general
technique and specialized for particular application. TPS values cognitive, social,
technical, and problem solving expertise. Mass production values manual and technical
expertise. CIM values cognitive, social, and problem solving expertise. CIM promotes
investment in technology, while TPS and mass production do not place specific emphasis
onthis. TPSin particular encourages technologies that promote simplicity and flexibility
in production. Theideal batch size for efficient operation is high in both CIM and mass
production; lean is built upon the concept that small batch size isideal to promote

flexibility.
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CONCLUSIONS
This chapter began by asking whether lean production tools and techniques apply in the
remanufacturing context. The answer, “yes.” However, this discussion and the case
studies from four unique lean remanufacturing contexts reveal complexities underlying
the original question and in answering it. The remanufacturing industry is complex and
diverse, defying simple generalizations of one problem or one best solution. In some
instances, such as that of the Type IV case study, remanufacturing has many close
parallelsto atraditional high-volume manufacturing process. In some instances, such as
the Type | case study, remanufacturing is as complex and variable as any process found
in original manufacturing. However, a key to effective application of lean methodsin

remanufacturing is to understand the operational context under consideration.

This chapter examined assumptions underlying the product-process matrix, and
implications of new production methodol ogies such as |lean manufacturing and computer
integrated manufacturing. Comparing applications of CIM and lean to large valve
remanufacture provided a unique comparison of two popular “transformational” methods
of production. The following conclusions can be drawn from the four case studies of lean

remanufacturing, conceptual analysis of lean and CIM, and their discussion:

e The remanufacturing context is very broad and diverse: when discussing advanced
manufacturing concepts with leaders in the remanufacturing industry, leaders may say
these concepts do not apply in their industry due to inherent variability of every

component as aresult of incoming conditions. This response over simplifies the
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remanufacturing context as awhole. Remanufacturing exhibited extreme diversity
across the four specific case studies. In the same ways contingency theorists adapted
economies of scale and mass production thinking to applications varying from job
shop production to continuous flow production, we must offer the remanufacturing

industry the same considerations.

Lean methods do apply in all instances of remanufacturing, but specific solutions
must be tailored to specific context regarding characteristics of product variability:
In the case of high-variability lean remanufacturing: the buffers will be bigger, parts
supermarkets will get broader, engineers will be more integrally involved, fixtures
will be less specialized, and cross functional teams will support each other to address
variability in production processes. In the case of low-variability lean
remanufacturing, the process may closely resemble applications of lean tools found in
atraditional manufacturing organization: technical instructions will be simplified,
one-piece flow will occur, materials and tools will be kitted to precision, andon
signals will be responded to immediately, specialized fixtures will improve quality
and reduce setups, and multi-skilled workers will continuously improve processes to

achieve takt time.

Lean actually moves a production process within the PPM space; mainly along the
process axis, allowing flexibility and efficiency simultaneously: the product-process
matrix has been ahighly valuable tool for examining the alignment of an

organizations production methodology to the application context. However, this
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model has generally been used as a static descriptor of an organizations alignment
with technology and product, with little explanation of how to move towards a more
appropriate “fit” between product and process characteristics. These case studies
show that implementation of lean methods can move a production process within the

PPM space, in the direction of continuous flow.

Lean manufacturing mitigates the production trade-off between quality and cost;
volume and variety; efficiency and customization: The PPM is grounded in
economies of scale production paradigm, suggesting a required tradeoff exists
between quality/customization and output/efficiency. However, in examining the
PPM, lean methods offer a new set of efficient production options, such that a

tradeoff is not required between the key variables.

Lean manufacturing techniques work effectively to create improved performancein
the remanufacturing context: The four case studies represent a much larger number of
remanufacturing processes to which lean tools were applied. 1n each of the four cases
the application of lean methods produced significant performance improvements,
particularly in developing internal process stability, just-in-time production, and built-
in-quality. Itisfurther believed that despite the tremendous improvements that were
recognized in each of these cases, still far greater opportunity for increased efficiency

and productivity exists.
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Lean, CIM, and advanced mass production are different “ production paradigms:”
Today’ s operations management theory teaches the tremendous benefits from modern
production techniques such as advanced mass production, CIM, and lean
manufacturing. In some instances, particularly that of CIM and lean, the resultant
flexibility and quality of production may lead to improved results. Y et, these
methodol ogies diverge in application, so much so that they must be considered as
different production paradigms, and possibly even divergent production paradigms.

In considering the case study of lean and CIM in large valve remanufacturing, it is not
believed the thinking behind these paradigms, while each effective in their own right,
and could have complemented each other successfully. Figure 2.22 illustrates the
divergent paths of lean, CIM, and advanced mass production. Whileeachis
considered an improvement upon traditional production paradigms, the slope of
improvement differs. It should be noted that thisis an observation based on afew
case studies and not arigorous large scale study. Moreover, there are many examples
of companies like Toyota that deploy lean methods and use advanced manufacturing
technologies as one would see in CIM implementations. The difference isthe way
Toyota focuses process improvement on first smplifying the process and eliminating
waste with minimal new technology, then applying the technology very selectively

where it fitsthe best. It isan experimental, learning process (Liker, 2004).
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Figure 2.22 — Traditional and Modern Methods of Production

e Mass production and CIM take a mechanistic view, while lean takes an organic view:
as previously discussed the modern production methodol ogies of lean, CIM, and
advanced mass production offer improvements and efficiencies over traditional
production. However, acloser examination of the structural characteristics used to
achieve these improvements suggest a mechanistic application (and perhaps over-
reliance) on technology in CIM and advanced mass production, while lean is more

organically driven by production employees.

e A tremendous opportunity exists to apply lean production methods to the generally

immature remanufacturing industry: The introduction noted that remanufacturing has

been considered as “the next great opportunity for boosting U.S. productivity” and
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“the ultimate form of recycling.” This paper has shown the potential for lean
production methods to play a significant role in thisimportant environmental and

economic opportunity.

ACADEMIC CONTRIBUTIONS

This chapter has sought to answer the specific question of lean production design in the

remanufacturing context. Asaresult of this study, several key contributions have been

made to the academic literature in the areas of lean manufacturing, organizational design,
and organizational change. The following contributions to academic literature in these
areas have been made:

e Improved understanding of the mechanics by which organizations are able to use
processes and technology to move within the PPM space and achieve greater
efficiency.

e Modified the PPM to create aframework for characterization of remanufacturing
processes, this enables a theoretical linkage between OEM and remanufacturing.

e Utilized the PPM to develop an advanced understanding of the ways in which new
production paradigms of CIM and lean manufacturing relate with regards to both

process and outcome.

FUTURE RESEARCH
This chapter analyzes the application of lean production tools and techniques within the
remanufacturing context. The perspective has been alargely static perspective, simply

considering ways in which lean methods apply to the specific remanufacturing context.
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L ean remanufacturing has been shown to exhibit tremendous flexibility and potential.
Following socio-technical contingency theorists who suggest an organization must first
defineitstechnical core and subsequently develop the organizational structure to support
technology; this paper has initiated a study of lean production techniquesin the
remanufacturing context by examining the application of lean production tools and
techniques. However, the mechanisms by which an organization can effectively deploy

these technigues have not been studied.

Future research must examine techniques by which an organization can effectively
deploy these concepts with equal appreciation for social and technical considerations.
Additionally, future research should explore the mechanisms by which alarge multi-site
bureaucracy (similar to most large U.S. enterprises) can develop and sustain an
organizational transformation aligned to the tenets of lean production. Finally,
remanufacturing is an interesting and unique context to apply lean production tools and
techniques. Other similar context exist, such as the health care industry, research and

design environments, and lean methods as applied in daily living.
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CHAPTER 3
COMPARATIVE CASESOF LEAN MANUFACTURING DEPLOYMENT:

ORGANIC VERSUSMECHANISTIC APPROACHES

INTRODUCTION
Many organizations worldwide are pursuing deployment of continuous improvement
strategies aligned to the principles and practices of lean manufacturing, based on the
Toyota Production System. Many have had some success in attempts to emulate
practices of waste elimination, empowerment of employees, and continuous improvement,
however, far more have struggled in their attempts to deploy lean manufacturing. Many
organizations have experienced early successes at deployment, but little long-term
growth and sustainment. This chapter seeks to understand this specific phenomenon by
analyzing organizational deployment of lean manufacturing at two large industrial
organizations over asix-year period. The two organizations started out with very
different approaches to lean deployment, one which is characterized as “ mechanistic” and
the other “organic.” Each organization experienced amix of successes and failures, ups
and downs, crises and regrouped successes. Ultimately, the approaches began to
converge as the two learned from each other. For this paper, the level of analysisisan

individual industrial facility; specifically two naval ship remanufacturing depots are
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compared and contrasted. This level of analysis would be similar to comparing two
automotive production plants, the field activity offices of alarger organization, or
independent divisions of alarge corporation. Chapter four of this dissertation looks at the

transformation of the larger, connected enterprise of which these two cases are a part.

One common reason organizations struggle in their efforts to implement lean
manufacturing is afailure to understand and appreciate both the social and technical
aspects of successful deployment. Lean manufacturing isidentified for its socio-
technical nature; effective implementation is shown to require a change of both
organizational processes (technical) and organizational culture (social). The culmination
of this socio-technical deployment is the learning paradigm of lean manufacturing, which

has led it to be defined by some as the “thinking production system.” (Liker, 2004)

This chapter builds on distinctions in organizational design between organic and
mechanistic structures. These terms were first used by Burns and Stalker (1961) in their
studies of formal structure and control within organizations. Organic isflexible and free-
flowing in nature, while mechanistic isrigid and controlling. Their study identified
environmental characteristics favoring different mixes of internal organic and
mechanistic characteristics. Burns and Stalker addressed the static state of an
organization, not the dynamic deployment process for a change in management methods.
This paper extends the conceptual distinction between mechanistic and organic
approaches of management structure to the organizational deployment of lean

manufacturing.
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An organic and mechanistic approach to organizational design exists at the very heart of
how an organization makes decisions, and how it reacts to internal and external changes.
M echanistic management thinks of the organization as a technical entity with simple
cause and effect relationships; find the right levels of inputs and the desired outputs will
follow. Management structure, strategy, and organization could be considered as gears of
amachine to be measured, adjusted, altered, and realigned within an organization. A
mechanistic approach to lean deployment would be characterized by rules, procedures,
and aclear hierarchy of authority. Thiswould involve formalized organizational rules
and structures to implement lean based on centralized, top-down decision making. Lean
would be perceived as a set of tools to be deployed, and would create a bureaucratic
process for deployment driven by training, close measurement of results, and formal
process controls. Implementation would likely involve arigid implementation strategy,
comprehensive roles and responsibilities, certifications of training capability, and metrics
associated with speed of deployment. Outcomes would be measured to assess return on
investment for specific lean tool deployment. Since specific lean tools are taught to a
small number of “experts’ and deployed broadly across the organization, a mechanistic
deployment could quickly disseminate the tools to a wider audience (Liker and Meier,

2006).

An organic organization seeks to learn, evolve and adapt to internal challenges and the

external environment. This type of organization considersinternal “workings’ asliving,

breathing cells that constantly grow and adapt inside of the larger body, as opposed to the
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rigidity of gears and optimization. Organic organizations do not assume that any one
formulafor management isoptimal. Rather, they continuously search for growth and
balance at all levels of the organization. An organic deployment of lean manufacturing
would be loose, free-flowing, and adaptive in nature. In thistype of organization, rules
and regulations are often not written down, and when written they are selectively
interpreted and adopted. In thistype of deployment individuals are given more freedom
to experiment and learn what works and does not work. Organizational hierarchy isless
structured, and decision-making authority is decentralized. These characteristics may
manifest themselves in alean deployment based in equifinality (more than one path to
success, an element of Open Systems analysis) and evolutionary learning. (Nadler and
Tushman, 1997) As opposed to the rank or certification of the individual asa“lean
expert,” individual expertise and skill sets are likely to be more valued as the organism
takes advantage of unigue talents of personnel. Lean deployment would focus on deep
learning team by team, rather than on rapid deployment of tools based on a preset
formula. Compared to mechanistic deployment, organic deployment would be slower
and more methodical, quickening in pace as the organism strengthens its internal

“muscles’ of change.

Both the mechanistic and organic approaches to lean manufacturing deployment have
advantages. A mechanistic approach includes an internal strength of infrastructure and
rapid deployment of top-down goals, whereas an organic approach results in an ability to
adapt and learn in a changing environment. |s one approach to deployment better than

the other? Intheir study of formal structure within an organization, Burns and Stalker
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argue the answer to this question is contingent upon environmental uncertainty.
Organizations become more organic as environmental uncertainty increases and more
mechanistic asit decreases. This paper seeks to understand lean manufacturing policy
deployment in order to distinguish between an organic and mechanistic deployment
strategy, to understand the benefits and challenges of each, and to identify the most

appropriate fit for different environmental circumstances.

RESEARCH METHODOLOGY
This paper is acomparative case study, the culmination of six years of research and
observation of lean remanufacturing deployment within the naval ship overhaul and
repair industry. Over the six years, atotal of four large industrial organizations were
observed in thisindustry. This paper will focus on two of these organizations. The cases
were selected for their contrasting methodologies of lean manufacturing deployment, as
well as accessibility of data. (Yin, 2002) These two organizations, referred to here as
“Small Ship” and “Big Ship,” are loosely aligned as industrial entitiesin alarge naval
ship repair organization, REMAN. Their association relative to each other is as both
partners and competitors within the same extended organization. They are partnersin
that they are aligned to the same organizational management hierarchy and serve the
same mission, including teaming, sharing of resources and lessons learned. They are
competitors in that they are judged as individual entities and each desiresto be regarded
asthe leading ship repair depot. Thus, when they developed different strategies and

ideologies of lean, they each struggled to win in pushing their approach to become the
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standard for the extended organization. Figure 3.1 summarizes the research

methodology: the study design, data and interview sources.

Research Methodology

Study Design: Comparative Case Study of Two Crganizations

Data Faricinant Obsarvation, Direct Observation of
Sources: ean Daployment, Extensive inferviews with

Kay Parsonnel Review of Documentation and
Feaporting, Archival Records of implarmeantation

Interview Comorate Mananement, Site Management,
Sources: Shop Management, Ling Managemeant,
Production Workers, Production Analysts,
Lean Manufacturing Deoloviment Team

Figure 3.1 Research M ethodology

Data presented in these case studies are collected from multiple site visits over asix year
period. Data sourcesinclude direct observation, extensive interviews, and review of
documentation and archival records. A total of more than 50 site visitsto Small Ship and
Big Ship contributed to the development of this paper. Participant observation was
facilitated by the author being an employee with responsibility for lean deployment. In
addition, about 40 hours of formal interviews were conducted with personnel from
“REMAN” (corporate management), site management, shop management, line
management, production workers, production analysts, and the lean manufacturing

deployment team at both Small Ship and Big Ship. The support of the REMAN in this
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study is acknowledged, however, for the sake of confidentiality, no specific organizations

or individuals are identified.

THEORETICAL DISCUSSION
L ean manufacturing, the principles and practices of the Toyota Production System, isa
production system identified worldwide for its ability to efficiently deliver customer
value by the reduction of process lead time and elimination of waste. The Toyota
Production System was first brought to the forefront of manufacturing strategy in the
landmark study of global automotive manufacturing by the International Motor Vehicle

Program at MIT, documented in The Machine that Changed the World. (Womack, Jones,

and Roos, 1990) In this study, lean Producers were noted for their ability to produce
with roughly half the human effort in the factory, half the manufacturing space, half the
tool investment, half the engineering hours, and half the time to develop new products as
compared with non-lean competitors. Today, lean manufacturing is being deployed in
industries as diverse as health care, defense, home construction, restaurants, and rental
cars as a methodology for achieving greater efficiencies, cost reductions, quality

improvements, and flexibility of workforce. (Womack and Jones, 1996)

Lean manufacturing has been interpreted in light of the socio-technical systems approach
to manufacturing (Liker, 2004). It integrates technical tools (waste elimination, just-in-
time production, standardized work, workplace organization, pull systems) with social
organization tools (problem solving, built-in-quality, teamwork, voice of the customer,

continuous improvement). With research beginning in the mid-1980s, the Toyota
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Production System has been studied extensively as a manufacturing system. Through
follow-on research lean manufacturing has been shown to apply successfully in awide
variety of non-traditional manufacturing, service, and “white collar” applications.
Despite an extensive understanding of the principles and practices of lean manufacturing,
amagjority of companies have failed to successfully deploy the methodologies.
Deployment strategies for lean manufacturing have not been examined in great detail, in
large part due to the difficulty of obtaining data over an extended deployment. In light of
many failed organization-wide attempts at deployment of lean manufacturing,

deployment is acritical element that must be examined further.

Organic and Mechanistic Deployment Methodology

One dimension that can be used to characterize the methodology for deployment of lean
manufacturing is that of organic and mechanistic, borrowed from theories of
organizational design. Thistheory identifies organizations by their degree of formal
structure, characterizing them as either “mechanistic” (rigid, high formalization,
machine-like) or “organic” (flexible, low formalization, living-evolving organisms).
(Burns and Stalker, 1961) A similar construct can be used for classifying deployment of
lean manufacturing. Organic and mechanistic deployment approachesto lean
manufacturing are summarized in Figure 3.2 with a set of six variables describing the

scope and objective of deployment.
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Scope and Objective of Lean Deployment:

The scope and objectives of 1ean deployment are described by a set of variables
addressing how the organization defines success and how this definition translates into
the initial deployment approach. Mechanistic or organic tendencies lead to divergent
perspectives on how an organization should be structured. These perspectives underlie
different reasons for implementing lean manufacturing. Mechanistic and organic
deployment strategies to lean manufacturing are summarized below according to the
dimensions. key to successful deployment, scope and objectives for both initial and long-

term deployment, and key performance indicators of success.

Mechanistic Organic

Deployment Deployment
Key to Successful Deployment: Efficiency Effectiveness
Scope of Initial Deployment: Broad Shallow Narrow Deap
Scope of Long-Term Deployment: Broad, Shallow Broad, Deep
Objective for Initial Boffom-Ling Organizational
Deployment; Hasuits {eaming
Objective for Long-Term Sustalnable Leaming
Deployment: fean Resuifs Omanization
Key Performance Indicators: Cost Reduction Wasle Reduction

Figure 3.2 Scope and Objective of L ean Deployment

M echanistic deployment seeks to achieve success through the overall efficiency of

deployment. In other words, a strategy and structure for deployment are created and a
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successful deployment is one that deploys resources to the strategy and structure
efficiently. Due to the highly-structured nature of deployment and focus on overall
efficiency of deployment, a mechanistic approach is able to touch a broad cross-section
of the organization. However, it tends to be shallow in depth as resources are so
widespread. A mechanistic approach to deployment seeks consistency across the
organization. For an organization with an existing mechanistic infrastructure, a
mechanistic deployment of lean manufacturing would seek to “grease the gears’ of its
internal workings not to change the internal workings, but to make them operate more
smoothly and efficiently. Inamechanistic deployment bottom-line results are the initial
objective for lean deployment, with sustainable efficiency and cost reduction as the long-
term objective. In considering a mechanistic deployment, key performance indicators of
cost reduction are tracked closely. As previously mentioned, efficiency among the gears
of amechanistic organization is the primary objective for deployment and therefore the

primary measure of success.

Organic deployment of lean manufacturing seeks to create aliving, |earning-organization.
An organization with this perspective would consider a successful deployment to be
achieved through the effectiveness of each interaction, the success or failure of each
unique project. An organic deployment would start off far narrower in focus than a
mechanistic deployment. Therefore, it is critical that each focused project be a success,
since success cannot be gained through average results of alarge number of projects. An
organic deployment would initially seek a deep, focused penetration of Lean tools and

techniques, initially narrow in focus, as a pilot or model of lean manufacturing, followed
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by a growing deployment to the larger organization in the long-term. An organic
deployment of lean production would seek the short-term goals of organizational learning,
developing a greater sense of internal operations and structures within. Whereas the
short-term objective for organic deployment is organizational learning, the long-term
deployment objective would be a*“learning organization”, as defined by Peter Senge
(1990). The juxtaposition of “organizational learning” and a*“learning organization” is
compared with the focus on cost reduction and sustainment of those benefitsin arigid

deployment.

A mechanistic deployment of lean manufacturing seeks rapid, widespread engagement of
abroad organization, focusing on efficient delivery of the change implementation. An
organic deployment on the other hand, seeks deeper understanding through focused pilot
projects and models, with eventual diffusion of learning to the broader organization, with
afocus on effectiveness of each unique project. One element of this deployment,
reflecting back to the socio-technical nature of lean manufacturing, would be the depth of
understanding of the social and technical principles of lean manufacturing. The depth of
an organization’ s experience with lean over timeisillustrated in Figure 3.3, considering

both technical tools and techniques and social tools and techniques.
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Figure 3.3 Depth of Deployment with Socio-Technical Tools & Techniques

The above figure considers depth of experience to technical and social tools and
techniques of lean manufacturing for both an organic and mechanistic approach to
deployment. The technical dimension of tools and techniques ranges from:

- Tools Deployment: a concerted effort to widely deploy 5S, standard work,
production cells, or other singular concepts of lean manufacturing.

- Disconnected Process Improvement: an emphasis on kaizen events or rapid
improvement workshops, improvement projects that are wholistic in their
utilization of technical tools and techniques of lean, but digointed in their overall
focus to the organizational deployment or higher-order value streams.

- Value Stream Thinking: application of technical tools and techniques of lean
manufacturing to re-orient processes and align all process improvements to

improving end-to-end value stream processes.
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Pursuit of Perfection : the most mature application of lean tools and techniques;
occurs as organi zations are aligned to value creation along value streams and all
individuals are working to improve strategic and non-strategic initiatives, all tied

to ahigher order policy deployment or hoshin planning.

The social dimension of tools and techniques ranges from:

Employee Engagement: the first dimension of social transformation is the process
of introducing employees to lean manufacturing and getting them involved,
whether directly or indirectly, in the change process.

Employee Empower ment: as the social constructs of the organization evolve,
leadership becomes more trusting of employee ideas and feedback; employees
take ownership of improvements and feel empowered to make continuous
improvements.

Advanced Team Building: the social evolution to where groups of employees are
working productively as a unit for continuous improvement and synergistic
production capabilities. A team lead would evolve, to build the truly embedded
socia organization for improvement and sustainment of lean deployment.
Learning Organization: the evolution of an organization to the social evolution of
employees at all levels working individually and in teamsto learn and evolve
improved processes aligned to higher order policy deployment or hoshin planning

objectives.
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Asillustrated in Figure 3.3, mechanistic deployment, with an emphasis on rapid and
widespread engagement, would ultimately lead to a shallow profile of depth of
experience to both social and technical tools and techniques. Organic deployment, with a
narrow and deep engagement, would have a steeper profile of experience to tools and
techniques. However, they would be limited in scope in the early stages eventually

broadening out across the organization.

The dimensions of social and technical experiences are not believed to be inter-connected.
Rather, they follow the same deployment profile and would therefore be parallel in nature.
As time progresses, an organic deployment would level off in experience, whilea
mechanistic deployment would deepen as select projects became more advanced and
mature in their development. Shifting from afocus on the depth of organizational
experience, we now consider the effects of organic and mechanistic deployment on the
breadth and scope of organizational deployment. Figure 3.4 illustrates the breadth and

scope of lean deployment over time/depth of deployment using each approach.
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Figure 3.4 Breadth of L ean Deployment

Scope of deployment is characterized over time, moving from initial model areas of
deployment, to multiple pilot areas, to production shopsin entirety, and ultimately the
entire organization. A mechanistic deployment rapidly impacts a broad scope of the
organization with itsrigid, consistent, and ideally efficient deployment strategy. An
organic deployment on the other hand, is slower to impact a broad scope of the
organization, yet over time will achieve alarge segment. In some instances it may
achieve the same breadth of a mechanistic deployment. Interestingly, the two figures of
depth (figure 3.3) and breadth (figure 3.4) of deployment are inverted models of each
other: mechanistic deployment achieving a shallow curve in depth, a steep curvein

breadth; organic deployment achieving a steep curve in depth, a shallow curve in breadth.
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Bureaucratization of the Lean Deployment:

A second set of key variables to lean manufacturing deployment is associated with the
bureaucratization and formal infrastructure of lean deployment. Tied closely to the
mechanistic and organic discussions of Burns and Stalker, the bureaucratization of lean
deployment addresses the extent of written rules, policies, and guidance of the
deployment, the ability of a deployment strategy to be tailored for specific environmental
conditions, the location of lean expertise within an organization, strategies for
deployment of lessons learned, and ultimately the organizational sustainment strategy in
response to organizational entropy. Figure 3.5 summarizes both mechanistic and organic

lean deployment along these dimensions.

Mechanistic Organic

Deployment Deployment
Formalization of Infrastructure: High Low
Autonomy to Customize Process: Low High
Location of Lean Expertise: Centralized Disbursed
Strategy for Deployment of Audited Knowledge
Lessons Learned: Compliance Sharing
Response to Organizational Rules & Continuous
Entropy: Regulations Improvement

Figure 3.5 Bureaucratization of L ean Deployment

In mechanistic deployment, formalization of infrastructure is high, often in terms of

written rules, regulations, procedures, roles and responsibilities, metrics, and deployment
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strategies. Thiswould create avery rigid infrastructure and model of implementation.
Autonomy of the customized processislow because success in a mechanistic deployment
is considered to be achieved through efficiency of deployment. Therefore deployment is
tightly controlled and monitored, with little autonomy granted for specific external
conditions. The source of lean expertise is often centralized in a small change
management group that oversees the deployment. This group of “experts’ controls the
training and deployment mechanisms for lean deployment; a challenge can be created in
amature deployment when the depth of understanding of the organization beginsto
eclipse that of the “experts.” Strategies for deployment of lessons learned are rapidly
deployed through written compliance letters with follow-on audits. The response to
organizational entropy is the organization seeks to counter organizational entropy (an
element of Open Systems Theory) through rules and regulations to maintain the new

level of performance. (Nadler and Tushman, 1997)

An organic deployment islow in formalization of infrastructure - much flexibility exists
in deployment to fit the specific environmental conditions and unique skill sets of the
deployment team. Written rules and regulations are not common. If they exist, they are
often ignored. A high degree of autonomy is vested with the change agent to tailor
implementation needs to the specific environmental circumstances. Lean expertise

within an organic deployment is dispersed amongst the broader workforce and learning of
the organization and change agents involved in the model deployments. Lessons learned
are not recognized so much as benefits to be replicated, as they are of lessons to be shared.

Ultimately, an organic deployment seeks to consistently evolve to achieve continuing
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growth and learning. As such, organizational entropy is overcome through establishment
of continuous improvement initiatives to continually drive performance, processes, and

people forward.

Organic and Mechanistic Deployment: Visual Metaphors for Deployment:

The organic and mechanistic deployment approaches can beillustrated visually using
concentric circles (mechanistic) and spirals (organic). Consider an organization where
key organizational processes, work areas, or departments, are identified by the nodes
shown below in Figure 3.6. Each node represents an opportunity for process
improvement; the entire square represents the entire organization. The overall success of

each initiative isillustrated by the area encompassed by a concentric circle or spiral.

Figure 3.6 Key Organizational Processes

M echanistic deployment as concentric circles: In Figure 3.7, mechanistic deployment is
illustrated by concentric circles, each radiating outwards from a key organizational
process or target areafor improvement. Asinitiatives are successful, the size of the circle

radiates out from the initial node. Concentric circles were selected for thisillustration
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because a mechanistic approach would deploy a standardized set of specific tools with
eachinitiative. It issimply amatter of successfor each initiative. Ascanbeseenin
Figure 3.7, amechanistic approach, with its broad scope, colloquially termed “inch-deep,
mile-wide”, will impact many key processes at atime. Asinitiatives are successful, the
size of the concentric circle will increase or decrease as a representation of the impact

from deployment.

Figure 3.7 Mechanistic Deployment as Concentric Circles

Organic deployment as spirals: Organic deployment isillustrated in Figure 3.8 by spirals
growing outwards from key organizational processes (as opposed to the concentric circles
of mechanistic deployment). Asthe spiral grows outward it will impact more entities
within the organization, resulting in knowledge sharing. Each turn of the spiral leadsto
an advanced level of implementation and learning. The organic deployment initiates with
asmall number of nodes, which are established as “models’ of lean for the entire
organization. Thisapproach is colloquially termed “inch-wide, mile-deep”. Asthe
success of the penetration of each model initiative goes deeper and deeper, the impact

and benefit from those initiatives, and organizational learning gained from them, will
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have a direct and indirect impact on surrounding key organizational processes. At some
point a broader cross-section of the organization beginsto learn value stream thinking in
pursuit of perfection as represented by the broader spiral that cuts across multiple

jprocesses.

o o
o o
o
o le}
0
o
o o o

Figure 3.8 Organic Deployment as Spirals

Organizational Entropy: A final element of these illustrative models is the concept of
organizational entropy, a core concept of open systemstheory. Entropy suggests an
organization, in the absence of a positive force, will seek itslevel of lowest energy. In
many instances, thisisidentified by the pre-existing process conditions. Entropy isa
force against which all change management and continuous improvement programs must
battle in sustaining improvements. The specific parallel to the models of lean
manufacturing deployment as spiral implementation (organic) or concentric circles
(mechanistic) isthat they are capable of collapsing to the original node. Evenina

successful deployment of lean manufacturing, the laws of Entropy will apply. Without
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energy, commitment, and resources, the deployment can regress to alower-energy state.
In many instances, the regression can lead to original conditions, unless a new baseline
level of organizational homeostasis can be developed by the socio-technical
implementation. Achieving this new level of homeostatic requires continual energy from

leaders who are deeply committed to developing alean culture.

CASE STUDY ANALYSIS—A TALE OF TWO SHIPYARDS
Organizational Profile:
The two organizations compared in this chapter are large naval ship remanufacturing
depots, identified here as Small Ship and Big Ship. The mission of these organizationsis
to maintain operational condition of alarge fleet of super-sized naval vessels. Each of
these organizations has along and proud history, has an experienced and unionized
workforce, atechnically-expert management team, and an overall risk-averse culture. As
previously mentioned, these two organizations are loosely aligned as both partners and
competitors within the same operational arm of REMAN, their parent organization. They
are partnersin that they are aligned to the same organizational management hierarchy,
serve the same organizational mission, and share resources and lessons learned. They are
competitors in that they are judged as individual entities and each desiresto be regarded
asthe leading shipyard. With regards to lean implementation, each organization had the
same introduction, and their paths have fully paralleled each other chronologically.
However, it has not always been arelationship of teamwork in deployment. Each

organization has a different strategy and ideology with regardsto lean. To some degree
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they are each a manifestation of the overall shipyard culture, but each organization has
struggled to win out in pushing its approach to become the standard for the extended

organization.

The first organization to be profiled in detail isthe smaller of the two shipyards, referred
to in this case study as Small Ship. Small Ship was an organization of roughly 4500
employees, and dedicated and to one major product line. The company is known for its
independent thinking and entrepreneuria perspective to work. Small Ship had
established itself as the expert within the naval ship repair environment in one focused
product line. The shipyard has been shaped and hardened by multiple threats of closure
due to a perceived excess capacity within REMAN. The shipyard has survived multiple
close callsfor closure, and this possibility constantly looms for the workforce, especialy
because REMAN leadership has shown atendency to consider site closings roughly
every ten years. The shipyard has survived largely based on its past performance and
specialization, but powerful political powers exist both for sustaining the shipyard and
closing the shipyard. Lean manufacturing was viewed as one strategy to better ensure
their longevity. However, the organization is ultimately not trusting of outsiders and

external initiatives.

The second organization profiled is the larger of the two shipyards, Big Ship. At the
beginning of this case study Big Ship was an organization of approximately 7500
employees, and was dedicated to two major product lines. Big Ship isknown for its

progressive management strategies. Prior to lean, it had invested significantly in training
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of managers along tactics of Stephen Covey (leadership), Mark Graham Brown (metrics),
and Malcolm Baldridge (quality). The organization, which islarge and influential, has
not experienced threats of closure such as Small Ship, or the distrust of external
influences. Big Shipisclosely aligned to REMAN's corporate initiatives and has
regularly sought to exert influence over cross-shipyard directives and guidance. At the
time of kick-off to lean deployment, the most significant management influence at Big
Ship isthat of the Baldridge Criteria and its use for management by corporate

measurement and assessment as part of their “organizationa effectiveness cycle”.

Case Study Phases of | mplementation:

Deployment of lean manufacturing at Small Ship and Big Ship differs greatly, and is
captured in this comparative case study, which encompasses six years of deployment.

The timeline for these two case studiesisidentical, beginning in 2001 and concluding in
2007. And whiletheir paths are mostly unique and parallel, they do intersect at several
points through communication, resource sharing, occurrences of joint-learning, and
engagement of corporate management. These points are highlighted in the case study. In
each instance, what began as a grassroots effort to become more efficient through
deployment of lean manufacturing was transitioned to a corporate mandate to do so. The
deployment methodol ogies of the two organizations differed greatly, as did their response

to corporate guidance on deployment.

The deployment methodol ogies of Small Ship and Big Ship match the overall culture of

the shipyards. Small Ship is"“entrepreneurial and rebellious,” tending towards an organic
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approach, while Big Ship is “button down corporate,” |eaning towards a mechanistic
approach. In writing the comparative case study, six distinct phases of lean
manufacturing deployment were identified:
“ Phase One - Early Awareness’ : In phase one, the shipyards are first introduced
to the concepts of lean manufacturing through training and one-week exposure
from external consultants.

- “Phase Two — Grassroots Deployment”: In phase two, the first major steps
towards implementation of lean manufacturing are undertaken at both Small Ship
and Big Ship.

- “Phase Three — Growing the Deployment - Spreading Lessons Learned” : In
phase three, the shipyards have moved beyond initial deployment, and seek to
spread lean manufacturing to broader elements of the organization.

- ‘Phase Four — Corporate Engagement and the Next Level of Deployment” : As
Small Ship and Big Ship mature in their deployments, corporate leadership
becomes engaged in the improvement initiatives. As part of this, external
influences and guidance are now applied to the organization.

- “PhaseFive- Crisisin Lean Manufacturing Deployment” : In phase five of
deployment, both Small Ship and Big Ship face crises in deployment and must
respond to challenges that could undermine continuing deployment.

- “Phase Sx - Regrouping & Redefinition” : In the sixth phase of deployment, the
final phase studied for Small Ship and Big Ship, the organizations must regroup

from crisis and successfully move forward in deployment.
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This case study will analyze both Small Ship and Big Ship as they evolve through the six
phases of implementation. At the conclusion of phases two and four a detailed analysis
of implementation will be conducted to better illustrate the cases. Finaly, asummary of

mechanistic and organic characteristics will be provided.

Case Study Phase One — Early Awareness:

Both organizations, Small Ship and Big Ship, were introduced to lean manufacturing in
July of 2001. At thistime asmall contingent of REMAN VIPs, including senior leaders
from both Small Ship and Big Ship, toured the site of a successful lean manufacturing
implementation in western Michigan, an automotive parts supplier to Toyota. On this
tour, managers received an introduction to the concepts of lean manufacturing, attended a
five-day seminar on the subject, and discussed the prospects for lean manufacturing

deployment in the naval ship repair industry.

Within six months of theinitial offsite, both Small Ship and Big Ship were kicking off
their lean manufacturing deployment. Kick-off for lean at each organization occurred
when alean consulting firm, hired by the headquarters management group for the
REMAN, arrived at each shipyard to conduct a one-week kaizen event (also know as a
rapid improvement event). A kaizen event is a change management tool used by many
organizations as a primary driver of lean manufacturing deployment. It isaone-week
“blitz” of an area, specifically intended to bring all perspectives to the table, identify
desired changes, and implement changes immediately, in accordance with lean

manufacturing principles and practices. Thisisavauabletool for continuous
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improvement, specifically designed to overcome organizational and bureaucratic inertia
associated with “paralysis by analysis,” general inactivity from over-analysis. Thefive-
day, expert-led event was intended to provide training and an illustration for each
organization on the potential for lean manufacturing. The targeted projects for Small
Ship and Big Ship were large valve repair and project management of shipboard valve
repair, respectively. These projects were selected for their importance as constraintsin

the overall execution of ship overhaul and repair.

At Small Ship, the kaizen event selected for an initial target area was the machine shop
process of large valve repair. In one week the team of approximately ten workers was
able to clean up the workspace, organize tools, and establish basic visual management in
the workplace. Equipment was moved to improve work flow and a capital investment
was initiated to procure a parts-cleaning machine, which was identified as a bottleneck
process. Despiteinitial skepticism, the improvement effort was well received within the
work area and positive energy was created. However, Small Ship did not maintain
energy beyond the one-week kaizen event and lean manufacturing deployment failed to
take hold. Intime, the work arearegressed to previous process and performance levels,
aswell as a growing skepticism among employees in the area associating lean with a

“flavor of the month” and un-kept promises by management.

At Big Ship, the kaizen event focused on the project management processes associated

with onboard valve replacement, specifically work sequencing, readiness of support

services, and overall resource alocation. Thiswas a particularly challenging project to
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undertake as the work is done in a crowded non-dedicated area onboard the ship. To
complete the process, specialized mechanics bring their materials, tools, and instructions
to the worksite. Thiswas later termed as “ bringing the worker to the work” as opposed to
“bringing the work to the worker” (classic assembly-line thinking). An additional
challenge to this effort was that the consultant was not able to visit the actual worksite,
due to security restrictions. In the five-day kaizen event, the team devel oped a process
plan to change the methodol ogy for repairing the component. Ultimately, only pieces of
the new process were implemented, elements that had been previously identified prior to
the kaizen event. This project was particularly challenging as a kick-off for lean
manufacturing. It wasidentified yearslater that significant forces existed within Big
Ship at the time to repress lean manufacturing deployment sinceit did not fully align with

their existing paradigm for improvement based on the Baldridge approach.

Case Study Phase Two — Grassroots Deployment - First Major Steps:

The Early Awareness Stage of 1ean deployment at Small Ship and Big Ship was an
illustrative example, but largely afailure at each organization due to alack of follow-up
and organizational commitment. Deployment could have ended at thisinitial stage, if not
for interest of corporate management, REMAN, and a genera belief lean could be atool
to alleviate growing budget pressures. Small Ship began to commit well-respected, if
limited, resources to the deployment, while Big Ship overcame strategic alignment issues
and folded lean into the continuous improvement strategy along with the Baldridge
approach of measurement and control. In this phase, which lasted approximately twelve

months, Small Ship revisited the site of theinitial kaizen event in attempts to develop a
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model of lean manufacturing. Meanwhile, Big Ship developed alean six sigma
continuous improvement program and a lean six sigmaacademy for training “black belt”

experts.

Thefirst mgjor step at Small Ship was to place a highly-respected senior leader, a
production-oriented ex-project manager, as the director of lean manufacturing
implementation. A lean manufacturing expert was then hired to guide implementation on
the Shop Floor. With alean manufacturing staff of only two, Small Ship attempted to
rejuvenate implementation by revisiting the original kaizen event in large valve repair.
Shipyard management acknowledged their failing to support outcomes of the initiative,
and the lean manufacturing staff was dedicated and fully focused on this specific areato
determine whether or not the tenets of lean manufacturing could be successful at Small
Ship. A follow-on kaizen event was held to rejuvenate ideas and initiatives from the
Early Awareness Stage that had not been implemented. This second kaizen event was
followed-up with daily activity from the lean manufacturing staff. Small Ship made a
significant commitment of resources, both financial and managerial, to a small group of
employees and their process of large valve repair over an extended period of time. At the
time, large valve repair was performing significantly above cost, beyond cycle time, and
with significant quality problems. This became identified as the organization’s “model
line” for lean manufacturing, and it was decided that L ean success or failure at Small
Ship would be dependent upon the success and lessons learned at the large valve repair
model line. The organization received criticism, both internally and from leadership at

Big Ship, asto why they were not working faster and applying lean manufacturing in
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more areas at once. Senior leadership at Small Ship, convinced they were on the right
path, weathered the criticism and stayed the course. Small Ship brought in consultants to
assist, and hired two industrial engineers to support the lean manufacturing deployment,
doubling the team to four personnel. In the course of twelve months, Small Ship made
many iterative improvement passes at the model linein large valve repair. It took time,
but within twelve months the process was transformed greatly, both in terms of people
and process. Average cycletimefor large valve repair was reduced by 83%, schedules
were being maintained, costs were reduced (e.g. overtime eliminated), quality was
improved, employees were fully engaged, and the team was achieving continuous

improvement through daily initiatives, both large and small.

At the same time as model line implementation was occurring at Small Ship, Big Ship
was aggressively training black belt experts and senior managers through a newly
established lean six sigma academy. Similar to lean manufacturing, six sigmaisa
process improvement strategy intent upon continuous improvement of performance,
though principles, tools, and techniques are divergent. The strategy for deployment at
Big Ship was to implement lean manufacturing and six sigmajointly viafour to six
month projects, led by the internal experts. Big Ship hired a six sigmablack belt from an
automotive OEM astheir internal expert. Thisindividual played avital rolein
developing alean six sigma academy, atraining program for green belt and black belt
change agents and facilitators. Big Ship hired many talented industrial engineers fresh
from large universities to serve as these internal experts. These facilitators were trained

to follow a highly regimented five-step process and were assessed by supervisors based
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on their adherence to the process and overall cost reductions from their projects. Big
Ship, successful in building alarge infrastructure to support lean manufacturing and six
sigma deployment, was lauded by REMAN for development of their lean six sigma

academy.

Case Sudy Deep Dive Profile - Large Valve Repair at Small Ship and Big Ship:

Through the first eighteen months of lean manufacturing deployment at Small Ship and
Big Ship, no processillustrated the differences in implementation strategy more than that
of large valverepair. At Small Ship, large valve repair was identified as the model line
for implementation, and was therefore the narrow focus of implementation. At Big Ship,
large valve repair was selected as one of several processes to be worked in the first set of
six-month projects for implementation, in part to share best practices and lessons learned

with Small Ship.

At Small Ship, the large valve model line was developed over eighteen months. During
this time a fully-dedicated lean expert worked in the area, all necessary resources were
committed to the initiative, and senior management was fully engaged to understand and
learn from the implementation. The initiative was a success, though not over night or
without setbacks. From atechnical perspective, many of the lean tools were used such as
standard work instructions, 5S (workplace organization), kanban, andon, takt time, work-
in-process reduction, rapid changeover fixtures, visual management, and point-of-use
materials and supply. Paperwork was streamlined or eliminated, tool kits were devel oped,

teamwork became enhanced, and work cells were created to support work previously
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done off-site. Average cycle time was reduced from 270 days per component to 45 days
per component. The team on the shop floor, which had initially been very skeptical and
resistant to change was now embracing the process, taking ownership, and making small,
but daily continuous improvements. The level of commitment and understanding grew
with each continuing success. Much like how a sports team will gain momentum in a
competition, the team was building momentum in lean manufacturing deployment. Asa
result of the improvements, overtime in the area was completely eliminated, productivity
tripled per employee, and many managers at Small Ship would regularly tour the large
valverepair section. Later, many outside visitorsincluding high level |eaders of
REMAN toured the large valve area. Ultimately, this represented a small and seemingly
insignificant element of the total business at Small Ship, yet it wasinvaluablein

demonstrating the concepts of lean manufacturing to management and the workforce.

At Big Ship, the large valve repair area was worked as an accreditation project for a
recent graduate of the lean six sigma academy. For six months the individual worked in
the large valve repair area, deploying lessons learned in the training. Theinitial task in
deployment of large valve repair at Big Ship was to benchmark processes at Small Ship.
There was much resentment at Big Ship over the notoriety Small Ship was receiving from
their effortsin large valve repair. Big Ship felt they had never had performance problems
in that specific work area, and were therefore as efficient as Small Ship (ultimately, this
was identified as incorrect when considerations were made for type of work, volume of

work, and employee productivity).
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At Big Ship, the six-month benefits were generally shallow in nature. Implementation
was directed by the black belt as part of that individual’ s accreditation project, most
benefits were identified through visual management and implementation of 5S. The
work areawas cleaned, color coding systems were established and overall organization
and appearances were improved significantly. No changes were made to the process flow,
but paperwork improvements were attempted (but ultimately not supported by the
engineering team). Only minor equipment expenditures were allowed. At the conclusion
of six months, the black belt change agent presented results of the initiative, as well as
planned follow-up tasks. The black belt expressed frustration from the lack of overall
management engagement, particularly from groups outside of the production
responsibility. Overall, theinitiative was deemed a success. Unfortunately, after afew
months of inattention the initiative had regressed to pre-existing conditions. Setbacksin
the area were not due to alack of knowledge on behalf of the change agent, or lack of
enthusiasm from the workers. Rather, employees became busy and could not support the
initiative and closure of follow-up tasks. Managers did not understand the significance of
what the change agent was attempting to achieve, and many simply viewed the individual
as an annoyance that would go away; they were largely correct. Though, to befair in
comparing the large valve repair case studies, it isimportant to recap that Big Ship had
ongoing projects in many work areas, while implementation at Small Ship had been

limited only to the process of large valve repair.
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Case Study Pause for Analysis - Mechanistic vs. Organicin “ Early Awareness’ and

“ Grassroots Deployment” :

In the initial stages of deployment, we identify Big Ship for its tendencies towards
mechanistic deployment. Big Ship has placed tremendous emphasis on widespread
deployment (though shallow in nature), training, and emphasis on cost reductions. The
emphasis at Big Ship has been to build an infrastructure to support along-term sustained
deployment and they have been very successful at this. They are placing all expertisein
the central office, with little opportunity for those outside of the “lean team” to shape the

lean deployment process.

At Small Ship, the organic deployment tendencies are clear. They are focusing on only
one area for the purposes of organizational learning. Management attention is focused on
this area and they have an extremely concentrated deployment. They are emphasizing the
organic evolution of learning amongst the employees as they seek to understand how
classic lean tools and concepts apply in their environment. Expertise of the lean process
istaught at abasic level and is delegated to shop floor employeesto lead the process.
Little infrastructure was developed in the lean deployment team, though. Perhaps this
simply illustrates an overall lack of management support. Figure 3.9 summarizes both
Big Ship and Small Ship in phases one and two for characteristics of mechanistic/organic

and for indications of success/failure.
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PHASE ONE:
“Early Awareness”

PHASE TWO:
“Grassroots Deployment”

lllustrations of Mechanistic &
Organic Deployment

Big Ship rejected Lean

Big Ship began investment in

Little Ship failed to benefit from
Kaizen, due to lack of sustainment,
but seeds of organizational
learning were planted.

Big Ship Manufacturing due to failure of infrastructure and training, tool
initial Kaizen to deliver deployment of 55 implemented in
significant ROI. multiple sites.
Smail Ship

Little Ship attempted to “just do
something and learn”, established
an implementation pilot.
Organization was very informal.

Indications of Success or
Failure of Lean deployment
Big Ship

QOutcomes of initial Kaizen had
already been planned, little
credibility given to this effort.

Big Ship was building an
effective change management
team and training capability.

Smail Ship

Kaizen was well received and

produced immediate impact,

though, organization failed to
sustain changes.

Little Ship developed a very
successful pilot, worked to “show
Lean” to the entire organization.

Figure 3.9 Analysis of Big Ship & Small Ship in Phases One and Two

Case Study Phase Three - Growing the Deployment and Spreading Lessons Learned:

Phase three of deployment represents the growth and maturation of lean manufacturing

deployment, growing the deployment and spreading lessons learned. At this point, each
organization has established a firm foundation for their moving forward. In phase three
of lean manufacturing deployment, each organization sought to expand and elevate lean

manufacturing to a more significant deployment strategy.

At Small Ship, multiple model lines began to develop across the organization and
“spontaneous lean” initiatives began to develop as work leaders embraced the tools they
saw demonstrated in the model line area. Small Ship spread the model line concept to

multiple production shops within the organization. Transponder repair, motor generator
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repair, ball honing, and hatch repair were selected. Each of these had similar experiences
to the large valve model line implementation; however, they were able to move much
faster as senior leadership began to further understand the implementation process and
overall vision for lean manufacturing. Additionally, the application of tools such as value
stream mapping, workplace organization, standard work instructions, andon, and setup
reduction began to “pop up” spontaneously throughout the organization as management
began to understand the vision for lean manufacturing. These spontaneous attempts at
deployment were now considered in the screening process to select future areas to focus
lean deployment resources. That is, focus areas for deployment models were being
developed in areas that had shown significant commitment and personal investment in the

lean manufacturing deployment.

At Big Ship, black belt and green belt experts were deployed to each major department of
the organization. A growing number of black belt change agents were trained; all senior
managers were trained on lean six sigma principles; and lean six sigma objectives were
placed in managerial performance appraisals. At Big Ship, lean manufacturing was
becoming ingrained in the vocabulary and organization structure of senior management.
As additional employees were selected for the lean program, they were trained as black
belt and green belt facilitators and were embedded in the line organization. Green belts
reported directly to the line organization, black belts reported to either the line
organization or the director of the lean program. All senior managers were trained on
lean six sigma principles and lean six sigma objectives were placed in managerial

performance appraisals. Lean six sigma briefings became commonplace at senior
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management meetings. In terms of execution, many experiences were similar to that of
the Big Ship large valve repair effort from Phase Two. Improvements were being made,
but they were often limited in scope to the particular shop/function being engaged.
Consequently they did not pull in extended partners (customers and suppliers) from other

work functions.

Deep-rooted experience and understanding of lean manufacturing was beginning to take
hold in Big Ship’s machine shop. This areawas the home of large valve repair, and
several other projects that had been in the first round of black belt accreditation projects.
Additionally, at this point many managers were visiting other organizations to see
examples of lean manufacturing deployment, including the one at Small Ship, to gain a
greater understanding. Several of the most experienced black belts were working in the
machine shop and were learning from their prior experiences at deployment. An external
consultant was hired and assisted in developing a value stream map of key processesin
the machine shop, which highlighted twelve areas to focus energy. A building-wide 5S
was conducted (reportedly removing more than 35 tons of waste and excess material) and
the organization proceeded to conduct kaizen eventsin each of the twelve work areas

identified in the value stream map.

At thistime arift began to exist between experiences of the seasoned change agentsin
the machine shop and the training occurring in the lean six sigma academy. Asthe most
senior black belt change agent said, “employees go to the six-week training program and

when they get back, the first thing | haveto do isretrain them.” Thisrift began to exist as
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a divergence between textbook knowledge of the instructors and “deck plate” experience
of seasoned change agents occurred. Thisrift was only to grow as the two organizations
moved into Phase Four of Lean Manufacturing Deployment and Cor porate

Headquarters became engaged.

Case Study Phase Four - Corporate Engagement and Next-Level of Deployment:
Phase Four of lean manufacturing deployment within the two organizations was a
significant turning point in deployment, highlighted by two external influences: (1) a
planned closure of Small Ship and (2) the engagement of REMAN with arigid
implementation strategy similar to that at Big Ship. This phase of deployment was
characterized by each organization making an effort to apply lean to the central core
business function of ship overhauls. During the first two years of lean manufacturing
deployment at Small Ship and Big Ship, the efforts had been bottom-up, grassroots
efforts. Each organization had a similar objective, but the roadmap was unclear and no

guidance was being given from a corporate headquarters.

REMAN saw the positive impact lean manufacturing was having at Small Ship, Big Ship,
and other facilities that had undertaken grassroots efforts. REMAN established a special
task force to oversee lean implementation at all sites. Thistask force hired alean
consultant who had been supporting Big Ship with guidance and assistance. Desiring a
common approach to lean across the entire enterprise, arigid implementation plan was
developed, with aformulafor implementation, roles and responsibilities, methods, and

metrics for capturing the savings.
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At Small Ship, the organization was marked by site closure process. The specter of this
event, along with the nearing departure of their charismatic shipyard leader, created
significant energy for process improvement. The thought was they needed to “take it to
another level” in order to “show what we are capable of.” The corporate task force had
little impact on lean at Small Ship during this period as they ssmply ignored corporate
guidance. With the impending base closure, REMAN was not about to step in and

mandate compliance.

Senior leadership at Small Ship held atwo-day offsite to strategize about the next level of
lean manufacturing deployment. The particular challenge faced by |eadership was the
lack of standard and repetitive work during a ship overhaul. They had learned how to
apply lean in higher-volume and lower-variety work processes, but a ship overhaul, with
its low-volume and high-variety presented a unique challenge. Approximately 10,000
tasks were executed on a ship overhaul, with nearly every one of those tasks being unique.
How could techniques such as process flow, pull systems, work-in-process reductions,

andon, and visua controls work in this environment?

An important revelation for the organization came when it was reveal ed that, while each
of the 10,000 tasks is unique in work content and complexity, a common method and
approach existed in the planning and follow-up of work. Utilizing the same toolsused in
the original model line, the organization devel oped a value stream map and a strategy for

managing the 10,000 tasks in a systematic approach. Thisinvolved awide array of lean
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production tools and techniques. With afocus on continuous flow and cycle time per unit,
the organization was able to make tremendous strides in a short time. They established a
supermarket for incoming work, visual communication boards, standard work
instructions, and significantly improved workplace organization, work-in-process
inventory controls, andon systems, and pull systems. The deployment included all
production shops, and required significant communication across multiple trades and
functions. In many instances, as the strategy was both being devel oped and implemented,
comments were made such as “well, we had a similar situation in the large valve model

line, thisiswhat we did and this was the outcome... let’stry that here.”

The entire shipyard management team rallied around the single mission, vision, and
objective. Ultimately, the strategy was recognized to have flaws in implementation, yet
the new strategy had allowed for the organization to complete one of their most complex
ship overhauls at atwelve percent cost reduction over aprevious best. The way ahead for
lean manufacturing was clear. Largely due to their innovation and process improvement
initiatives, Small Ship was successful in being removed from the base closure list, the

charismatic leader was promoted to Admiral and all energy was riding high at Small Ship.

At Big Ship, energy was also riding high as the corporate task force offered an
opportunity for it to broaden its influence with lean deployment, and consolidate its
efforts locally under the guidance of a corporate directive. At Big Ship afeeling existed
that the organization could now “take lean deployment to the next level.” Big Ship now

placed one of their brightest and most respected managers to oversee the lean
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manufacturing deployment. Thisindividual, who brought tremendous credibility to the
position, proceeded to implement and oversee the rigid implementation strategy laid out
by REMAN. Quotas were established for each manager and department in terms of the
number of improvement events, participants, and initiatives to be achieved. All
departments at Big Ship were deploying lean in order to meet their management quotas
and each was building internal examples and expertise. However, the departments at Big
Ship were working independently and not always willing to share resources; top-notch
personnel rarely participated in lean events outside of their particular department. An
additional change came at Big Ship when the lean six sigma academy broke from the
shipyard and aligned directly with the REMAN task force. Thisresulted in Big Ship

losing control of the overall curriculum and vision of the academy.

Similar to Small Ship, Big Ship also worked to tackle the tremendous challenge of
successfully applying lean to the entire ship overhaul. The approach taken at Big Ship
included aligning lean deployment on the overall ship overhaul with existing accounting
mechanisms and focusing efforts on reducing the overall cost and variability of cost to
major line items, with responsibility falling to the individual departments who executed
the work. This strategy produced positive results, but they were largely constrained by
the existing accounting measures, producing sub-optimized results to the overall initiative

of improving performance.

Case Study Deep Dive Profile - Ship Overhaul Maintenance & Modernization:
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At both Small Ship and Big Ship, the greatest opportunity and challenge for improvement
existed in applying lean to the core business capability of ship overhaul and repair,
known as a ship overhaul. As previously discussed, this could be comprised of upwards
of 10,000 individual tasks, each unique and subdivided further by requirements for
material, engineering services, direct labor and indirect labor services. Thiswas
complicated by the extreme low-volume and high-variety of each task, aswell asthe size
(potentially upwards of one-thousand personnel each day), duration (potentially longer
than two-yearsin execution), lack of consistent work environment (each task was
completed at a unique location aboard ship) and overall technical complexity of each

overhaul.

During the first two years of lean implementation, both Big Ship and Small Ship took
“baby steps’ to understand how lean concepts could apply in this non-repetitive
remanufacturing environment. In a previous chapter we addressed the technical
challenges and analysis of applying lean in the remanufacturing context. These baby
steps taken at the two organizations shaped their full-blown application of lean to the
overall ship overhaul. However, it was the unique experiences and lessons learned in the
large valve model line that ultimately allowed Small Ship to change their frame of

reference and truly revolutionize their way of doing business.

With pressures to impress decision makers in the shipyard closure process, the best

analogy for the Small Ship experience with lean is they jJumped into a swimming pool

rather than cautiously dipping atoein the water. As previously mentioned, the leadership
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at Small Ship held atwo-day off-site meeting to devel op a strategic plan for applying
lean to the complete ship overhaul. During this off-site meeting a complex value stream
map of the complete two-year overhaul was created. The leadership team developed a
high-level plan, emphasizing continuous flow of work, work-in-process controls, and
improvement of team structures and worker communication. Kaizen events were
scheduled for teams to develop details of the plan. Asaresult of taking a step back to
study the work and by applying lessons learned during model line implementation, Small
Ship was able to shift the paradigms of production management to account for seeming
paradoxes of lean such as work-in-process controls and emphasis on individual cycle
time reduction. The team developed new sets of metrics to measure daily and weekly
performance, production schedules and work hours were shifted, and “rules of thumb”
were challenged. The team even went as far as to request variance from corporate policy
asthey felt it promoted non-lean behaviors. The entire ship overhaul was nearly treated
as a science experiment. The entire management team met once aweek to look at,
discuss, and debate the meaning of their new set of metrics. “Lean advocates” were
assigned to the production team to police adherence to new processes and provide
immediate and direct feedback on process changes. As part of the shift in production
paradigms, the management team began to rethink rules on meeting performance
milestones and even the importance of metrics in one production area as opposed to
another. Asone senior production manager at Small Ship said:

“It used to be that we would think of ourselves as one team, but

we were a baseball team. We [the Shipyard] would achieve

success if we [each production shop] were al .400 hitters and hit

alot of homeruns. Now, we still think of ourselves as a team, but

now we're afootball team. We have blockers [support shops],
running backs and receivers [primary production shops|]. We
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don't careif our blockers are performing great individually, just

that our running backs and receivers are moving the large

downfield for the entire team to be successful”.
Significant changes were occurring at Small Ship, including the formation of asingle
team, but little emphasis had been placed on improving performance in the value-added
functions of production. Rather, most energy was spent removing roadblocks to value-
added production and improving or eliminating the non-value-added functions. In order
to quantify improvements, the organization decided to simply target the overheard
management costs for the ship overhaul. Aggressive targets of 20% cost reduction were
not achieved, but schedule was improved by more than a month and a solid 12% cost

reduction was achieved. Ultimately, many lessons were learned as to how future

overhauls could be managed and improved.

At Big Ship, the application of lean manufacturing to the entire ship overhaul was much
less pronounced, than at Small Ship. In maintaining their “ corporate and button-down”
demeanor, management at Big Ship considered the task at hand to be a natural
progression of their deployment strategy for training the workforce and conducting
kaizen events throughout the entire organization. REMAN, the corporate management
group, pressured Big Ship to deliver significant improvement results on their next ship
overhaul. Because of this, Big Ship leadership felt pressure to increase their pace of
training and kaizen events. At Big Ship, the ship overhaul was dissected according to
cost and cost variance. Additionally, each manager was asked to target high-cost jobs

and use lean manufacturing to cut the costs.
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These factors created three significant challenges for leadership at Big Ship: 1) Each
department was challenged to work independently to improve cost, thus attacking the
value-added functionsone at atime. It is believed the most significant opportunities
existed in improving the non-value-added functions, specifically the coordination
between departments. 2) Other than the machine shop, few of the departments within Big
Ship had any deep-rooted experiences and learning to draw upon in applying lean to the
challenging applications of shipboard production. 3) An extreme emphasis was placed
on cost reductions, which made it particularly challenging for managers to achieve short-

term cost objectives while enabling the needed investment in kaizen events.

Using the analogy offered by Small Ship, Big Ship was ateam of individuals
[departments] each working to improve their batting average and home run hitting
prowess. Asaresult of these efforts, many improvements were made at Big Ship,
however, the improvements were largely disconnected and potentially sub-optimizing.
Reporting of improvement results was conducted one job order at atime, and while some
were reduced others were increased (with justifications addressed). Minimal reductions
were made in the overall schedule or cost of the next ship overhaul. Ultimately,
performance was improved, but no significant lessons were learned or paradigms

challenged. Any organizational learning that occurred was on the individual level.

Case Study Pause for Analysis - Mechanistic vs. Organic in “ Growing the

Deployment” and “ Corporate Engagement and Next Level of Deployment”:
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Phases three and four highlight the growing divergence between the largely organic
deployment at Small Ship, and the largely mechanistic deployment at Big Ship. Small
Ship’s actions and decision for deployment strategy were based amost entirely on their
own learning and do-or-die perspective to performance. Big Ship’s actions were based
largely on adesire to build favor with the REMAN task force and maintain consistent

progress along their internally devel oped lean deployment journey.

At Big Ship, they are becoming more mechanistic in response to the challenges of a
growing deployment and the alignment with the REMAN task force implementation
strategy. Ultimately, the metrics and implementation strategy of Big Ship align perfectly
to the mechanistic strategy and values of the corporate implementation. Big Shipis
successfully training and engaging large numbers of employees and the effort isreceiving

great visibility within the organization.

At Small Ship, a clash was occurring between the mechanistic rigidity of directives,
forms, training, and accounting as prescribed by the REMAN task force and the flexible
organic deployment that had been successful. Asaresult, Small Ship isignoring
corporate direction regarding deployment strategy, yet they are delivering results held by
the REMAN task force as amodel for deployment opportunities. The organic learning
occurring at al levels of Small Ship was very dynamic and exciting to observe. Figure
3.10 summarizes both Big Ship and Small Ship in phases three and four for

characteristics of mechanistic/organic and for indications of success/failure.
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PHASE THREE:
“Growing the Deployment”

PHASE FOUR:
“Corporate Engagement
and Next Level Deployment”

lllustrations of Mechanistic &
Organic Deployment

Widespread deployment,

Organization-wide deployment,

Big Ship development of standard owner of the corporate training
methodology, extensive training, program, written implementation
shallow deployment. methodology and metrics.
Small Ship Entire management team focused

Deep-rooted model line, multiple
additional pilot sites, little
organizational structure to

deployment.

on new pilot implementation project
which seeks to learn at a new
level. Significant pushback to
cotporate deployment.

Indications of Success or
Failure of Lean deployment

Big Ship is beginning to develop
successful initiatives in the

Organization-wide deployment,

Big Ship Machine Shop area, extensive owner of the corporate training
change management team and program, many managers
training capacity. becoming trained.
Small Ship

Multiple sites engaging in deep
Lean deployment, established
models in a variety of applications,
management team building deeper
understanding.

Primary Lean initiative has become
the focus of the entire management
team and the cornerstone of
defense against Base Closure

Figure 3.10 Analysis of Big Ship & Small Ship in Phases Three and Four

Case Study Phase Five - Crisisin Lean Manufacturing Deployment:

L ean manufacturing deployment within the naval ship repair community had been

growing rapidly, bolstered by an urgency to survive and desires to use the corporate

directive as amandate at Small Ship and Big Ship, respectively. However, in phase five

each organization began to recognize growing pains in deployment. Both organizations

faced tremendous, though unique, crises to the long-term success of 1ean deployment.
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At Small Ship the lean deployment was met with five significant changes at one time,
each highlighting a single failure point in their deployment; Small Ship was removed
from the base closure list, removing the perceived urgency for improvements. The
charismatic leaders, both the shipyard leader and the head of the lean deployment team,
were promoted to more prestigious positions as aresult of their successes. Four of the
most experienced lean change agent facilitators, some of the key players in development
of the new strategy, left within a six month period for personal reasons. Problemswere
surfacing in the implementation plan established for the ship overhaul model line, some
senior leaders felt this was proof the concept of lean manufacturing in this environment
was flawed. Finally, conflicts continued to grow between Small Ship and the

increasingly influential corporate Task Force.

Each of these changes pointed to the failure points that Small Ship (1) had become overly
dependent upon charismatic leadership and (2) could not sustain the unusually high
energy level for lean deployment. The progress of |ean deployment slowed tremendously
and regressed in certain areas. The characteristics that allowed Small Ship to be flexible
and learning-oriented at the start became the same characteristics that challenged them as
they sought to continue growth of their deployment. The extraordinary energy and focus
that was driving lean Manufacturing deployment at Small Ship was removed and the
organization had not built an infrastructure of systems, processes, and people capable of

maintai ning the deployment.
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At Big Ship, the crisis was nearly opposite that of Small Ship. The organization became
overextended in their drive to achieve the REMAN quota of kaizen events and number of
employeestrained. Thiswasaform of event overload. Managers were pushing hard to
achieve their numbers. Asaresult, many initiatives were unprepared and poorly selected,
leading to afailure to deliver the expected results and value. Thiswas not a problem
during times of extra manpower, but resources were becoming extremely constrained and
work was not being completed on schedule. Drawing resources away from direct labor to
use in process improvement grew increasingly difficult. As part of this, many managers
were growing increasingly skeptical of the benefits being realized through the shallow,
yet widespread deployment of lean at Big Ship. Managers were struggling to believe the
return-on-investment (ROI) claimed by the corporate task force, believing this was
simply “paper money.” Unfortunately, the “good stories’ of waste elimination were not
yet quantifiable at this point. Additional pushback to the lean manufacturing deployment
occurred when REMAN mandated that Big Ship deploy the same strategy and lessons
learned as Small Ship on their next ship overhaul. Thisled to resentment of Small Ship

and a strong reluctance to adopt ideas that were perhaps not their own.

Case Study Phase Six - Regrouping and Redefinition:

A return to basicsis now the goal at both Big Ship and Small Ship for lean
implementation. Both organizations have pushed themselves to the point of internal
crisis and now they are both forced to rebal ance themselves and their lean efforts for

long-term sustainment.
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At Small Ship, they have recognized the challenges of pushing implementation far
beyond the infrastructure they had developed to support it, only to realize they do not
have the internal strength to sustain the pace. Relying upon what has made them
successful; Small Ship isrefocusing itsimprovement priorities. At the same time they
are now requiring all senior managers to attend training and go on regular “waste walks’
with the lean management team. The original charismatic leader of the lean deployment
team has returned to lead the office. New industrial engineers have been hired and they
are being trained in the corporate lean six sigma academy, as well spending time in each
of the model lineinitiatives at the shipyard. Ultimately, Small Ship has pockets of deep
models and illustrations of lean manufacturing. They have a management team, which
has experienced the evolution and adaptation of their improvement initiatives, and now
they must build the infrastructure of their lean organization and continue to build support

among managers for long-term continuing success.

At Big Ship, areturn to basics suggests a more significant re-baseline to the fundamentals
of lean manufacturing. The lessons learned thus far have largely been associated with
infrastructure development and deployment, not deep Lean learning. The organization is
pulling back in the number of ongoing initiatives and becoming more focused as they
attempt to develop deep examples of learning. One focus of this effort isin the machine
shop, which had been moving ahead with models of lean implementation and organic
learning. They are acting largely as an independent sub-culture within the larger

organization. Several similar production areas are now using concepts from the machine
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shop to build lean manufacturing models throughout the organization. The organization
is beginning to push back on the REMAN task force by resisting pressures to continually
do more and more initiatives and becoming more strategic in selection of initiatives and
deployment of resources. Their ultimate challenge isto develop an internal culture of
understanding that effective lean manufacturing provides the opportunity to develop a

learning organization — it is not simply an issue of resources and internal efficiency.

Case Study Pause for Analysis - Mechanistic vs. Organicin “Crisisin Lean
Deployment” and “ Regrouping and Redefinition” :

In phases four and five, Big Ship showed weaknesses of a predominately mechanistic
deployment (lack of deep learning). In phase five, Big Ship focused on the “activity
metrics’ of number of kaizen events conducted and employees trained, and their overall
efficiency in running those events. Ultimately they overestimated their own
infrastructure and outran their internal capability to support Lean initiatives. They
attempted to conduct too many initiatives (with aleadership team that lacked a deep
understanding of lean) and the preparations and follow-up were not completed
successfully. Consequently, initiatives began to fail at higher rates. In Phase Six, Big
Ship became more focused on deeper deployments and model s within the organization,

ultimately becoming more organic in nature.

Small Ship showed weaknesses of a predominately organic deployment and ultimately

became more mechanistic in nature (lack of deployment infrastructure). During the crisis

stage, Small Ship lost the energy and momentum created by the potential base closure
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and found itself lacking in the necessary infrastructure to be successful over the long run.

They had been overly dependent upon dynamic personalities and enthusiasm created by

an organizational crisis. Asit regrouped, Small Ship ultimately became more

mechanistic asit built amore robust infrastructure to support continuing deployment.

Figure eleven summarizes both Big Ship and Small Ship in phases five and six for

characteristics of mechanistic/organic and for indications of success/failure.

PHASE FIVE:
“Crisis in Lean Deployment”

PHASE SIX:
“Regrouping and Redefinition”

lllustrations of Mechanistic &
Organic Deployment

Lean Office focused on running a
particular number of events and

Big Ship is becoming more organic

When the management attention
was removed, lacked a significant
infrastructure to support sustained

Big Ship Il offici ; in its attention to deeper projects,
_ overall efliciency o maintaining infrastructure to
implementation, management not support.

understanding or engaged.

Smali Ship

Little Ship is becoming more
mechanistic, building an
infrastructure to support long-term

Pressure of potential base closure
removed, management did not
sustain energy, little infrastructure
to support. Recognized as being
too dependent upon personalities.

implementation. deployment.
Indications of Success or . . .
: Big Ship had outrun its own

Failure of Lean deployment : ; :

Big Ship i infrastructure, attempting to do Big Ship backing off pace,

too many initiatives, beginning to develop deeper
management not fully onboard |mplementat|0r_13 and
and not seeing results. understanding.
Smali Ship

Little Ship building a stronger
infrastructure for sustainment, re-
focusing efforts after attention had
been lost to deep implementations.

Figure 3.11 Analysis of Big Ship & Small Ship in Phases Five and Six
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CASE STUDY DISCUSSION

This chapter has defined two distinct strategies for lean manufacturing deployment:
organic and mechanistic. Which methodology of deployment is preferred, organic or
mechanistic? In order to address this question, the case studies have been characterized
according to 1) the degree to which they illustrate organic and/or mechanistic
characteristics of deployment, and 2) the degree of success for each methodology

throughout the deployment.

Organic and Mechanistic — Understanding the Case Studies:

Figure 3.12 summarizes the case studies of Big Ship and Small Ship through the six
phases of deployment according to their degree of organic and mechanistic approach to
implementation. Ratings on the scale of organic and mechanistic were assessed
according to the organization’ s actions and emphasis in deployment and the extent to
which they followed the definitions of organic and mechanistic identified earlier in this

chapter.
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" " " . “Corporate “Crisis “Regrouping
Awarensss® | Daployment® | Daployment | Engagement | inLean and

ploy ploy and Next Level” Deployment” Redefinition™
Primary Influence: External Need to build Need to Need to Need to Need to re-

Introduction to | understanding |expand energy produce produce balance
Lean of Lean for Lean results for results for deployment

Manufacturing | Manufacturing | Manufacturing Corporate Corporate

Mechanistic/Organic Uncertai Mechanisti Moderately Extremely Extremely Mechanisti
at Big Ship: neertain echanistic Mechanistic Mechanistic Mechanistic echanistic
Mechanistic/Organic Uncertain Extremely Organic Organic Moderately Moderately
at Small Ship: Organic Organic Mechanistic

Figure 3.12 Big Ship & Small Ship as M echanistic/Organic in Six Phases of

Deployment

In the Early Awareness phase of implementation, each organization was introduced to

lean manufacturing by REMAN and initial kaizen events were conducted. Y et, while the

two organizations responded differently in acceptance of the new concepts, it is difficult

to characterize either as having an organic or mechanistic approach. Each deployment,

therefore, is characterized as uncertain.

In the second phase of deployment (Grassroots Deployment) the tendencies of each

deployment first emerge as they seek out the first stepsin implementation. Small Ship,

with its committed focus to alean manufacturing model linein large valve repair and

relatively unstructured implementation strategy is characterized as extremely organic.

Big Ship, with its focus on widespread training, curriculum development, and structured

implementation, is characterized as mechanistic.
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The third phase of implementation (Growing the Deployment) brings both organizations
closer to the center. Small Ship attempts to replicate successes of the initial model linein
multiple areas, creating a small portfolio of model lines that vary in their implementation.
Their deployment is characterized as organic. At Big Ship, they continue to use a
mechanistic implementation strategy, but become more moderate as their advanced
deployment area, the machine shop, takesroot. A relatively organic implementation
emergesin that environment, and overall the deployment is characterized as moderately

mechanistic.

The fourth phase of implementation (Corporate Engagement and Next Level) is
highlighted by the aggressive engagement of corporate deployment and the full-speed
push at Small Ship to produce resultsin order to avoid closure. At Small Ship, the
aggressive attempts at transforming operations on an entire ship overhaul using lean
would qualify as extremely organic. Despite the use of extensive rules, regulations, and
roles & responsibilities of deployment in order to rapidly deploy, the deployment is
characterized as organic. At Big Ship, the mechanistic tendencies of the organization are
greatly enhanced by the extreme mechanistic approach being deployed by the REMAN
task force, which uses an extremely rigid implementation plan, metrics, and expectations
of engagement at all levels of management. The deployment is characterized as

extremely mechanistic.
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In the fifth phase of implementation (Crisisin Lean Deployment) each organization
struggles to achieve the aggressive pace and expectations of REMAN, particularly after
the fears of base closure at Small Ship subside. Big Ship, with the continuing push for
further and faster deployment within the existing infrastructure, is characterized as an
extremely mechanistic deployment. At Small Ship, charismatic leadership and expertise
has been removed and it has become more dependent upon the infrastructure for

improvement. The deployment is characterized as moderately organic.

In the final phase of implementation (Regrouping and Redefinition) both Big Ship and
Small Ship sought to regroup from the crisis in implementation. Big Ship recognized the
crisiswas partially caused by shortcomings of their rigid implementation structure and
lack of a deep understanding throughout the organization. Despite the continuing
pressure from REMAN for arigid and highly mechanistic approach, they are becoming
more moderate in their approach and are characterized as mechanistic. While Big Ship’s
crisisinvolved too much infrastructure, Small Ship experiences a crisis due to too little
infrastructure. Small Ship, while largely resistant to this point, is becoming more aligned
with the rigid implementation strategy of REMAN and is continuing to introduce
infrastructure in order to bolster the long-term feasibility of their implementation. The

deployment is characterized as moderately mechanistic.

Efficiency, Effectiveness, and Success — Understanding the Case Studies:

Many quantitative indicators were examined to define the deployments at Big Ship and

Small Ship as successes or failures. Unfortunately, the size and scope of projects was
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different enough so that it was not possible to compare the two organizations on precise
guantitative measures. Instead the data are qualitatively summarized in Figure 3.13. It
was previously discussed that success in a mechanistic view of deployment involves a
highly structured process for deployment and then efficiency in delivering resources to
execute that strategy and structure. An organic deployment is focused more on the
overall effectiveness in developing buy-in and understanding within the entire workforce
to grow anew culture, as opposed to efficiency of deployment. Figure 3.13 characterizes
the success of each organization through the six phases of deployment for efficiency of
deployment, effectiveness of deployment, and overall success of deployment. In
conducting this subjective analysis, the following definitions are used:

- Efficiency of Deployment — the degree to which large segments of the organization
are introduced to lean manufacturing with the least number of resources.

- Effectiveness of Deployment — the degree to which an organization is able to
successfully transform specific work processes and get buy-in and understanding
for adeep and lasting implementation of lean manufacturing.

- Success of Deployment — the degree to which the entire organization is on a path

towards a deep and lasting implementation of lean manufacturing.
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of Deployment

“Early “Grassroots “Growing the Corporate . Crisis
" " » Engagement in Lean
Awareness Deployment Deployment and Next Level” Deployment”
Efficiency of . . . . . . .
Deployment: Low Medium-High | Medium-High High Medium-High
= .
w Effectiveness of Low Low Medium-Low Medium Medium-Low
o | Deployment:
m
Overall Success Low Low Medium-Low Medium Medium
of Deployment:
Efficiency °f_ Low Lows Medium Medium-High Medium-Low
Deployment:
©
£ .
& | Effectiveness of Low High Medium-High | Medium-High Medium
E Deployment:
wn
eIl SUEE0T Low Medium Medium High Medium

Figure 3.13: Efficiency, Effectiveness, and Success at Big Ship and Small Ship

Ratings of high, medium, and low for each element of figure thirteen were developed

from qualitative analysis of actions, outcomes, and intent for each organization during the

first five stages of deployment. Stage six has not been assessed because it istoo early to

tell the results of their responseto crisis. Efficiency and effectiveness are considered

independently. However, overall successis considered a combination of the two

categories. In considering success, more emphasisis placed on effectiveness than

efficiency. Whileit istrue both efficiency and effectiveness must exist for success,

effectivenessis considered a closer indicator.

Theresultsin Figure 3.13 are complex when we compare all the indicators for both yards

during the five phases. Some patterns of note are:
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1. Thetwo organizations took very different paths. However, each began with low
overall effectiveness, and both concluded with medium overall effectiveness.

2. Asexpected, Big Ship was more efficient across al phases compared to Small
Ship. Small Ship was more effective than Big Ship in the early stages of lean
deployment, but both exhibited moderate effectivenessin the long run.

3. At Small Ship, efficiency generally increased, but effectiveness slightly decreased
(with the exception of the crisis stage) as efforts became more widespread.

4. The highest performing period was in phase four at Small Ship, largely due to the
medium-high efficiency of deployment while maintaining medium-high
effectiveness. Thissuccessislargely aresult of charismatic leadership and the
overall organizational drive towards being removed from the base closure list.
Big Ship was a'so most successful at this point. They were ramping up their
deployment while exerting internal controls (or ssimply, organizational inertiato

change) in order to proceed at an internally desired pace.

Organic and Mechanistic Deployment — Benefits and Shortcomings:

To suggest that either mechanistic or organic deployment is always superior would not be

appropriate. Each approach has benefits and shortcoming, summarized in Figure 3.14.
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Mechanistic Deployment

Organic Deployment

Benefits:

Provides clear expectations for
deployment

Builds widespread awareness
throughout organization

Better infrastructure to support
long-tenm sustainment

Quick to engage all managers

Benefits:

Provides clear examples of
deployment.

Builds deep understanding
throughout organization

Better opportunity for long-tem
sustainment

Better enables organizational
learning

Shortcomings:
Shallow, potentially superficial
deployment

Potential discontinuity between
training and deployment

Hinders true organizational
learning

Shortcomings:

Slower, more methodical
approach

Slow to engage all managers

Requires change agents with
advanced knowledge and
understanding

Figure 3.14 Benefits & Shortcomings of M echanistic and Organic Deployment

M echanistic deployment provides clear expectations for deployment, builds widespread
awareness throughout the organization, builds an infrastructure to support long-term
sustainment, and is quick to engage all managers in deployment. The shortcomings of
Mechanistic are that it can be shallow and potentially superficial, creates a potential
discontinuity between training and deployment, and may hinder true organizational

learning through adherence to arigid strategy.

Organic deployment on the other hand, provides clear examples of deployment, builds a

deeper understanding of lean manufacturing throughout the organization, creates a better
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opportunity for long-term sustainment through deep learning, and better enables
organizational learning through a flexible and evolutionary deployment strategy. The
shortcomings of organic include a slower and more methodical approach, a slowness to
engage all managers, and requirement for change agents with more advanced skills due to

the flexibility of implementation strategy.

One might conclude that it is better to choose one deployment approach based on what
strengths are more important to the organization and live with the shortcomings.
However, the result may not be satisfying to anyone. For example, in the case of atruly
mechanistic deployment, the lean program may be superficial, and the actual
implementation will be weak compared to what the training suggests lean should be.
Because of this, the organization will not learn or progress. Instead, they will efficiently
deploy tools superficially that have little staying power and limited effectiveness. That
certainly isnot satisfactory. A truly organic deployment will provide a deep
understanding and allow the organization to learn and grow. That certainly sounds better.
Unfortunately, the organic approach is sometimes hard, slow going at times, and in need
of real expertise to guide an organization through the learning process. It seems that the
organic approach may be more effective overall if the organization iswilling to put in

the effort and both obtain and devel op the expertise.

So why did Big Ship end up just as successful overall as Small Ship if Big Ship was

implementing superficial tools with little understanding? Had Big Ship continued upon

their initial course of textbook training and little external influence, the lean deployment
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likely would have ultimately stalled due to being superficial, spread too thin, and lacking
significant learning and results. The deployment could have been extremely efficient, but
asuperficial tool delivered efficiently would still be considered ineffective. The reason
for Big Ship’s successis that Big Ship slowly developed internal expertise, particularly in
the machine shop, developing individuals who understood lean organically. These
individual deployment champions began to focus on model line projects, as Small Ship
had done, and achieved the same great successes as Small Ship had earlier. These
deployment champions began to develop a deeper understanding of lean to the point, as
previously mentioned, they found themselves at odds with the mechanistic strategy of the
REMAN task force, the textbook learning of the lean six sigma academy, and their
organization’ s traditional mechanistic management structure on the whole. The
combination of Big Ship’s mechanistic infrastructure and Small Ship’s organic learning

led to something stronger than either the mechanistic or organic approach by itself.

Therest of this chapter will elaborate on these two approaches and explore how they can
be blended to a hybrid that exploits that best of mechanistic and organic approaches to

deployment.

Organic and Mechanistic Deployment — Stages of Technology Acceptance:

The deployment of lean manufacturing within an organization can be likened to
adaptation and acceptance of a new technology. In his study, Rogers (2003) identified
five groups of individuals associated with acceptance of anew technology. They are as

follows:
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1. Innovators - venturesome, educated, multiple information sources, greater
propensity to take risk

2. Early adopters - socia leaders, popular, educated

3. Early majority - deliberate, many informal social contacts

4. Late majority - skeptical, traditional, lower socio-economic status

5. Laggards - neighbors and friends are main info sources, fear of debt

If we are to consider |lean manufacturing as a new technology that must be accepted by
individuals, particularly managers, it is reasonable to assume the profile of management
acceptance would look similar to Rogers' profile of these five groups. One of the
strategies of the organic approach isto develop theinitial model in an areawhere thereis
aleader prone to be an innovator or early adopter. Getting early “wins’ isimportant.
Thisindividual is often developed to then sell and teach others. Thistype of targeting
and then devel oping depth of knowledge in the innovators and early adopters is more
difficult in a mechanistic implementation that blankets the organization with more
superficia training. Overall the mechanistic approach does not recognize the human

dynamics of change and does not align well with Rogers' model of the adoption process.

Technical and Cultural Change — Understanding the | nterconnected-ness:

These case studies reveal the interconnectedness of social and technical changein
building alean-learning organization and developing the lean technical systems. The
bal ance between social and technical aspects of deployment is something missing from

the mechanistic approach, which is overly focused on technical change. In both cases
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technical change was easier than social change. Process changes, such as aredesign of
process flow, reduction of work-in-process, or implementation of pull systems can be
driven by management to create immediate change. On the other hand, those same
technical changes, if implemented using team problem solving and empl oyee engagement
may create aresultant social change within the team, diminish skepticism, improve

morale, empower employees, and encourage more fundamental problem solving.

Asillustrated in Figure 3.15, with the initial impetus of atechnical process change, the
resultant social change may enable (but not create) a greater technical change as the
employees gain greater understanding of the goals and overall attitudes towards change
areimproved. Asan iterative process, if change continues to be implemented in a
positive, empowering way, greater technical/process changes will lead to further

social/cultural changes, enabling still-greater technical/process changes, and so forth.

Technical f Process Change
L’ creates Social / Cultural Change
L> enabling greater Technical / Process Change
L' creating greater Social / Cultural Change
L’ enabling still-greater Technical / Process Change

Figure 3.15 Positive Relationship Between Technical and Cultural Change
Based on observing Big Ship and Small Ship over six years, with each iterative cycle of

improvement (technical change -> creating social change -> enabling technical change)

the benefits increase exponentially. With each implementation of process improvements
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the organization becomes more emboldened and enlightened to the true capabilities of a
lean producer. Thefirst few kaizen eventsin an area may be focused on removing
“monuments’ to the old way of doing things, whether by moving equipment, establishing
customer/supplier relations, or ssimply changing the existing attitudes towards change.
Follow-on kaizen events would likely become more focused on improving daily process-

related issues.

However, it is also noted that impacts of not sustaining a technical/process change will
have social/cultural implications. In the event ateam develops a positive change, but it is
not sustained, the team may become disenfranchised with lean, skeptical of the benefits
and unkept promises, or outwardly hostile towards management or the lean deployment

team. Thisisillustrated in Figure 3.16.

Technical / Process Change

L’ creates Social / Cultural Change

lenergy / commitment to change not sustained
disenfranchisement occurs with Social / Cultural Change <J

Technical / Process Change reverts to initial condition <J

Figure 3.16 Negative Relationship Between Technical and Cultural Change

Recognizing the interconnectedness of technical/process change and social/cultural
change suggests a further enhancement to the illustrative models introduced earlier in the
chapter for organic and mechanistic deployment. These models used illustrative

metaphors of spirals and concentric circles, respectively. Figure 3.17 illustrates a
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technical change enhancing subsequent social change and so forth. As previously
discussed, if energy for continuous improvement is not sustained, it is feasible for aspiral

or concentric circle to collapse inward to the original process state.

Social f Cultural Change

---------------

juawiodag ouebio

Mechanistic Deployment

Technical / Process Change

Figure 3.17 Under standing Technical and Cultural Change M etaphors

A Broader Perspective - Small Ship as“Model Line” for Corporate Deployment:

For the purposes of this comparative case study, analysis has focused on Big Ship and
Small Ship as mostly separate entities. However, a broader frame of reference could
more closely link the two organizations within the extended naval ship repair enterprise.
It could be concluded that Big Ship could not have achieved its success, or the potential
for longer-term improvements, if Small Ship were not the “model-line shipyard.” Small
Ship had a more flexible and aggressive organization, while Big Ship was much larger
and command-control focus. It can be argued that Big Ship, and the extended enterprise
asawhole, had too much to risk by Big Ship being asinnovative and exploratory as

Small Ship was in phase four of implementation. This broader frame of reference does
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not change the short-term or long-term outlook for Big Ship or Small Ship. However,
shifting to a broader frame of reference may lead to arevision in characterizing
individual sites as successes and failures when viewed in the context of contributionsto a

larger corporate structure.

CONCLUSIONS

The comparative case studies of Small Ship and Big Ship present a complex picture of
successful lean deployment. One over simplified conclusion is that a mechanistic
approach is preferred, especially when one examines the success of Big Ship in building
widespread awareness and large infrastructure to support lean deployment in the long-
term. Another over ssmplified conclusion isthat an organic approach is preferred if one
looks at Small Ship’s ability to quickly gain a deep understanding and learning of lean
through a model line implementation. While reasonable, each of these conclusionsfails
to grasp the deeper understanding of the case studies. The following conclusions can be

drawn from this case study:

e Need for Balance: The case study set out to determine the “one best way” of
deployment between organic and mechanistic. However, the cases suggest a
long-term successful deployment requires a blending of both organic and
mechanistic approaches. An organic approach is required for deep understanding
and organizational learning, but it failsif it is not supported by appropriate
infrastructure (as seen in the case of Small Ship). A mechanistic approach will

enable widespread awareness and implementation, yet, it must be augmented with
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deeper change at the technical and cultural level and organizational learning. Itis
worth noting that Big Ship and Small Ship have attempted to become more
balanced in their deployment between organic and mechanistic in their response

to deployment crises.

Existence of Equifinality: A construct of Open Systems Theory, equifinality isthe
belief in multiple paths to achieving the same outcome. Itisillustrated in the case
studies of Big Ship and Small Ship. Both organizations observed in this case
study have an opportunity for a successful long-term deployment of lean
manufacturing. Big Ship has achieved this through a highly mechanistic approach,
subsequently is balanced with an organic approach through inter-organizational
knowledge sharing and response to crisisin deployment. At Small Ship, crisisin
deployment brought them to a similar position of a more balanced approach of
mechanistic and organic deployment, as they increased their infrastructure for
deployment over time, and the over-reliance on charismatic personalities required
them to institute a more structured approach to deployment. Ultimately, thereis
no “one best way” to deploy lean manufacturing, but a long-term balance between

organic and mechanistic strategiesis required for continued successes to occur.

Begin with Organic deployment: while it was just stated there is no “one best
way” to deploy lean, these case studies do seem to suggest advantages to leading
with an organic deployment in order to achieve deep, immediate, and illustrative

examples. Thisconclusionisalso partly aligned to the original distinction of
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organic and mechanistic by Burns and Stalker. An organic approach seems more
appropriate when uncertainty exists regarding the deployment, specifically
guestions about the objective, longevity, benefits, scope, timeline, etc. Asthe
deployment begins to take hold within an organization, and the idea of “lean
deployment” is better understood and embraced, uncertainty regarding the
deployment is reduced and the infrastructure of a more mechanistic approach can
begin to take hold. This conclusion proves true both at the model line (large valve
repair) scope of analysis, as well as the model organization (Small Ship) scope of

anaysis.

Technical and cultural change go hand-in-hand: Aswas discussed early in this
chapter, many organizations will develop strategies for implementing specific
technical and/or social change. Y et, in many of the case studies, particularly
those with deeper implementations and multiple iterations of improvement,
technical changes created social changes. Social changesin turn enabled greater
technical changes. Therefore, deployment strategies that limit engagement to
only asocial or atechnical change is shortsighted and do not appreciate the
interconnectedness of the two. Long-term success is defined by achieving alean
learning organization, which is knowledgeable of the appropriate technical tools

and the socia infrastructure for implementation.

Exponential benefits with depth of deployment: In case studies at both Big Ship

and Small Ship deeper deployment, with multiple passes on a specific project,
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yielded greater benefits. As the organization deployed advanced social and
technical tools of lean (e.g. flow of value, flexible/interconnected processes, WIP
reduction, and a team construct) the benefits were more significant than in initial
tool implementation (e.g. 5S and brainstorming). Thisis represented by the
expanding surface area of the spirals and concentric circlesin the illustrations of

organic and mechanistic deployment, respectively.

No wasted failures, only failures to learn: This adage, attributed to a senior leader
with Toyota, is relevant when one looks at the evolution in both the organic and
mechanistic approaches of the two shipyards. Small Ship, with the organic
approach, was certainly more dynamic and evolutionary with their learning of
lean manufacturing, but both organizations learned over time and adapted their

strategies.

Thereisno crystal large: The case studies of Small Ship and Big Ship produced
one definite outcome. In large, complex organizationsit is hard to predict the
long-term future for lean implementation, adoption, and learning. Successful lean
implementation requires that organizations challenge their present norms and
procedures. Talking about an organization’s evolution is simple compared to
talking about each organization as alarge number of individuals who must
similarly challenge their own personal norms, procedures, and successes. One
particular element of thisisthat in alarge complex organization, positive energy

may be effectively created for lean manufacturing deployment, yet, if the message
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isnot closely preserved the energy and enthusiasm behind that message may be
distorted by a manager looking to advance his’her own ideals. An examination of
the Small Ship and Big Ship case studies after phase three or four of
implementation would have suggested a very different set of analyses and
conclusions than at the completion of six years. Successful lean deployment
requires significant focus and energy for an extended period of time. Success and

failure cannot be easily predicted.

ACADEMIC CONTRIBUTIONS
This chapter has sought to answer the specific question of how to begin alean
deployment, and to better understand the methodology and mechanisms by which lean
deployment occurs. Asaresult of this study, several key contributions have been made
to the academic literature in the areas of 1ean manufacturing, organizational design, and
organizationa change. The following contributions to academic literature in these areas
have been made:

e Adapted organizational design concepts of an organic and mechanistic structure to
develop adetailed dynamic model of organizational change; one of organic and
mechanistic methodology of transformation. Strengths, weaknesses, and
appropriate application of each concept are identified.

e Developed a socio-technical organization change model to describe the waysin
which social and technical transformation must build upon each other for

sustained transformation.
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FUTURE RESEARCH
This chapter addresses |lean manufacturing deployment on the scope of a specific
organizational entity. Inthe comparative case study of Big Ship and Small Ship, itis
acknowledged they are both partners and rivalsin alarger enterprise. Yet, this study
does not examine lean deployment at the enterprise level. Further study is planned
regarding how enterprise deployment of lean manufacturing occurs over an extended
lifecycle and how the organizations of enabling bureaucracy and coercive bureaucracy
respond to efforts at creating the proper environment for successful lean manufacturing
deployment. Additionally, it is recommended the model of organic and mechanistic
deployment be studied over alarger set of organizations to understand the long-term
strengths and weaknesses of each methodology. Finally, it isrecommended that these
concepts be applied in aretrospective ook at large organizations that have successfully
deployed lean production techniques, to determine the ways in which their experiences

align to either Big Ship or Small Ship.
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CHAPTER 4
DEVELOPING A LEAN BUREAUCRACY: ENABLING VERSUS COERCIVE
TRANSFORMATION FROM AN ORGANIZATIONAL LIFECYCLE

PERSPECTIVE

INTRODUCTION

Lean (adj.) — containing little excess, fat, or waste; efficient; see-
also: lean muscle, Toyota production System.

L ean manufacturing, lean thinking, lean culture, lean product development, lean supply
chain - these are descriptive characteristics sought by many of today’s largest and most
successful companies around the world to connote industry-leading efficiency. The term
“lean” was coined by MIT scholars to mean “fragile with strength” in an attempt to
describe what they observed in studying the Toyota Production System (TPS). (Vasilash,
2005) It is meant to describe an organization that does “more with less’” by empowering
employees towards continuous improvement and learning, and building upon a technical
foundation of concepts such as stable production processes, workplace safety and
organization, just-in-time production, and built-in quality. (Liker, 2004) Many
companies have sought expertise from alean sensel (Japanese term for “teacher”) to

internally learn, teach, and deploy lean thinking throughout their organization.
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Bureaucracy (n.) — management or administration marked by
hierarchical authority among numerous offices and by fixed
procedures; the administrative structure of alarge or complex

organization.

Bureaucracy, described by Max Weber (b.1864 - d.1920) as an idealized form of
organizationa governance for itsrational control, clearly defined hierarchy, span of
control, roles & responsibilities, and division of labor, is the predominant management
structure for large complex organizations worldwide. Weber studied the largest
organizations of histime (the government, military, and church) to appreciate the relative
effectiveness of the bureaucratic governance form across broad and diverse organizations.
(Weber, 1990) However, while in Weber’s day a*bureaucrat” may have been praised for
service to the organization, today the term has largely given way to negative perceptions

of ineffectiveness, self-preservation, “red tape,” and mindless adherence to procedures.

Lean bureaucracy (n.) — 1. an efficient, large and complex
organization, operating with minimal waste and excessin the
system; see-also: lean manufacturing. 2. an internal agency
within alarge or complex organization, created as a deployment
unit of lean management throughout an organization, highlighted
by rules, procedures, and reporting metrics; see-also: red tape,

institutional theory.

A play on words, lean bureaucracy is meant to represent the ideal of transforming alarge,
complex, inefficient bureaucracy into an efficient and well-run organization as Weber

had envisioned. It wasfirst coined by Paul Adler (1996) in an article that described what
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he observed at New United Motor Manufacturing Incorporated (NUMMI), Toyota’ sjoint
venture with General Motorsin Freemont, California. He observed many structural
characteristics of abureaucracy, but found they enabled employee performance, instead

of stifled employee-driven innovation and improvement, which was expected.

Unfortunately, for many organizations and senior leaders, thisideal of transforming their
organization is replaced with another type of lean bureaucracy, a politically powerful, yet
inefficient internal bureaucracy to deploy tenets of lean production. As seen in many
organizations, the lean deployment team can quickly become a negative function of an
inefficient bureaucracy, and not a mechanism to positively change an inefficient
bureaucracy. In some instances, the rules and procedures used to efficiently deploy lean
can ultimately become counter, even oppressive, to the overall message of learning and
empowerment that are characteristic of a successful lean organization. This chapter seeks
to better understand this specific phenomenon, the unintended double-meaning of lean
bureaucracy. It will examine (1) why this phenomenon occurs, (2) why many attempts to
transform an organization can become overwhelmed by self-inflicted red tape, and (3)
will further consider how a bureaucracy can be formed through lean deployment, that is,
has the best of both worlds - highly efficient and empowering within a bureaucratic

framework, as envisioned by Adler.

The term lean bureaucracy has been used thus far to highlight the potential double-

meaning of thisterminology. To clarify discussions, for the remainder of this paper the

term “lean bureaucracy” is used to represent alarge, complex bureaucracy that has been
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transformed through tenets of lean production. The internal bureaucratic organization
with the mission to deploy lean production is hereby termed a “lean deployment unit.”
To use these terms in context: if the lean deployment unit is successful inits mission an

organization may transform to alean bureaucracy.

In a previous chapter, “ Comparative Case Anaysis of Lean Manufacturing Deployment:
Organic vs. Mechanistic Approaches,” a distinction was made between an “organic” and
“mechanistic” lean deployment within an organization. Two contrasting methodologies
for deployment were identified (organic and mechanistic) and the benefits and
shortcomings of each were identified. Organic lean deployment was noted for its deep
learning and application of tools as systems, as well asitsrelatively slow pace of
implementation. Mechanistic lean deployment was noted for its rapid and broad

deployment, yet relative shallowness of implementation.

This chapter considers a broader scope of analysis - that of lean deployment across a
large, complex, and geographically diverse organization, a multi-site bureaucracy. Many
organizations attempting lean deployment today would be characterized as large,
complex, and mature bureaucracies. Perhapsit is because these organizations are
advanced bureaucracies that enterprise-wide transformation is attempted. This chapter
seeks to explain the process by which alean bureaucracy, the organizational unit, is

created.
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This discussion of organizational transformation will build upon two significant theories
of bureaucracy: that of the organizationa life cycle (Greiner, 1972) and the distinction
between enabling and coercive bureaucracy (Adler, 1996). The most prominent theory
on the organizational life cycle proposes four stages of organizational growth and
maturation evolving to a*“very bureaucratic” organization and ultimately to an
elaboration stage, aform of post-bureaucracy, that breaks down the stranglehold of a

rigid management structure.

Theory on enabling and coercive bureaucracy distinguishes between two types of
bureaucracy, both of which may exist within asingle organization. Coercive
bureaucracy is a negative form of bureaucratic governance, or a system of rules and
procedures intent upon measuring and controlling the individual. Itistypicaly
associated with inefficiency, mindless adherence to rules, and oppressive management
control. By contrast, enabling bureaucracy, first observed in a Toyota-run plant, also has
extensive rules and procedures, but they exist to support and empower the individual to

higher levels of creativity and performance. (Adler, 1996)

Discussion of developing a lean bureaucracy integrates these two theories of
organizational life cycle and enabling/coercive bureaucracy, to suggest alife-cycle
development by which an organization may take alternative paths to an end state of
enabling (positive) or coercive (negative) bureaucracy. In considering lean

implementation across a large, multi-site organization, amodel for life cycle stages of
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lean deployment is devel oped to define a sequence by which a positive lean bureaucracy

is created.

To illustrate these theoretical constructs, this paper examines the life cycle of lean
deployment within alarge, complex, and mature bureaucracy, REMAN. Like many
organizations, lean deployment at REMAN was initiated in good faith, to transform the
organization through the principles and practices of lean production. Yet, over time it
became clear the lean deployment unit within REMAN was far more afunction of the
bureaucracy than atransformation. The case study of REMAN and its analysis produce
recommendations for effective enterprise-wide lean transformation. These

recommendations can be used to develop efficient lean bureaucracies.

RESEARCH METHODOLOGY
“REMAN” would be considered as “very bureaucratic” by any definition. It hasfacilities
across the United States, and is heavily influenced by national and international events.
REMAN is an organization of more than 50,000 employees at 30 sites across the United

States. (The specific agency or industry is not important to case study considerations)

Prior to lean deployment REMAN was alarge, complex, mature, geographically
dispersed organization with along and proud history of industry-leading performance.
REMAN had along history of adopting “best practices’ as introduced by outside
contractors: from total quality management (TQM) to quality circles and quality

functional deployment; from Malcolm Baldridge to Stephen Covey, to Mark Graham
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Brown; from MRP systems, to ERP, to ERP2, and portfolio management. One could say
lean manufacturing deployment is no different from these other initiatives. However, it
currently has six years of run-time at REMAN, outlasting al other initiatives and has no
sign of slowing. Furthermore, it has been developed and embraced internally. Asone
senior official stated, “lean has made more impact than any single initiative | have
observed in 30 years with the REMAN.” This case study examines the first six years of

lean deployment at REMAN.

A number of advantages led to selecting REMAN as the case study for this analysis.
First, if implementation of lean production could transform alarge bureaucracy from
coercive to more enabling, it would be a strong demonstration of the impact of lean
deployment, considering the layers and maturity of the REMAN bureaucracy. Second,
access was good as senior leadership at REMAN was very supportive of this research.
The researcher was a participant observer for part of this study as an entry-level
professional helping lead the lean transformation of REMAN. Consequently, there was
access to many archival documents, reports, directives, and planning meetings for lean
deployment. Numerous interviews were conducted, both formal and informal, with
personnel at al levels of the organization. An extended rotation at corporate
headquarters, and multiple site visits to nearly half of REMAN’ s thirty field-activities
offered a well-rounded perspective on enterprise-wide deployment. (Eisenardt, 1989;

Yin, 2002)
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In order to deepen the learning to be gained from this case study, two specific divisions
of REMAN, the two largest divisions, are highlighted for analysis. EarlyAdopter
Division and LateToTheParty Division. These two divisions of REMAN are similar in
size, geography, workforce demographics, culture, and overall organization structure.
They perform diverse missions, yet serve asimilar customer. Additionally, each division
is subject to the same guidance and policies as outlined by the parent organization,
REMAN. The two case studies had different starting points for lean deployment and
took somewhat different paths that led to unique outcomes and understanding. Figure 4.1

outlines the research methodology for this paper.

Research Methodology

To better understand the phenomenon by which efficient lean

Study Objectives: bureaucracy is created

Extended enterprise - large, mature, and complex bureaucratic

Unit of Analysis: o
organization

_ Case study analysis of a single large organization during six
Study Design: year lean deployment; deep-dive examination of two large
departments within this organization for case study comparison

Case to be REMAN, a large ship remanufacturing agency, through six years
Studied: of lean deployment

Direct observation of lean deployment, extensive
Data interviews with key personnel, review of
Sources: documentation and deporting, archival records of
implementation, participant observation

Corporate management, site management, shop

Interview management, line management, production workers,
Sources: production analysts, lean manufacturing deployment
team

Figure4.1 Summary of Research Methods
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THEORETICAL DISCUSSION —DEVELOPING A LEAN BUREAUCRACY IN
THE EXTENDED ENTERPRISE

To be“lean”, to do “more with less’ while continuously improving and maintaining
focus on customer value is a characterization sought by competitive organizationsin
nearly every market in the world today. The global marketplace continuesto place ever
greater emphasis on operating efficiency as organizations search the world over for better
and cheaper materias, facilities, labor and intellectual capital. The term “lean”
originated in automotive manufacturing, but has since been associated with a variety of
industries, including: manufacturing, service organizations, office operations, home
construction, management philosophy, organizational culture, product development

practices, and supply chain characterization. (Womack, Jones, 1996)

Deployment of lean thinking in any organization at any level is a deliberate effort to
promote better performance, with the best known model being Toyota. 1n some ways the
deployment of lean production is no different than any other corporate initiative in that it
isintent upon tangible change within the organization. Organizations may deploy lean
for avariety of reasons. to impress stockholders; to transform a culture; to improve
operational safety, efficiency, throughput, cycle time, quality, customer satisfaction, or a
myriad of other measurable objectives. From the perspective of othersin thefield (e.g.,
Liker, 2004) deployment of lean is far different from other corporate initiatives. It is not
an initiative as much as a transformation to a new way of thinking about and managing

the organization.
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Many of the organizations working to “deploy lean” are large, multi-site, and even global
organizations. These organizations would all be characterized by a high degree of
bureaucracy. Bureaucracy has been noted throughout history, as early as the Book of
Exodusin the Bible, for highly efficient oversight and control of large organizations
through rational control, clearly defined hierarchy, span of control, roles &
responsibilities, and division of labor. In abureaucracy, legitimate control is associated
with a position, not an individual, allowing organizations to endure far beyond the tenure
of key personnel. (Weber, 1990) However, in a mature bureaucracy, elements of
complacency, organizational entropy, and stagnation are commonly found and can erode
efficiency within the overall organization. (Greiner, 1972) These sources of decline lead
many organizations to attempt to continuously improve their organization through lean

deployment.

Lean Bureaucracy and Organizational Life Cycle Development:

In this paper we take a dynamic perspective on lean deployment, considering the natural
evolution, growth, and decline of bureaucratic organizations through the organizational
lifecycle. Greiner (1972) studied numerous organizations over time and began to
recognize patterns in organizational development, similar to life cycle development
observed in organisms, including humans. Greiner’ s organizational life cycle theory
suggests the growth, evolution, and maturation of an organization occurs through four
distinct and predictable stages of development: (1) entrepreneurial stage, (2) collectivity
stage, (3) formalization stage, and (4) elaboration stage. In this theory of organizational

life cycle development, akey dimension in distinguishing the stages is the degree of

192



bureaucracy present at each stage. The entrepreneurial stage is characterized as “non-
bureaucratic.” The organization reaches the peak of bureaucracy in the formalization
stage. Then the organization reversesitself to undo some of the strangling bureaucracy in
the elaboration stage, which may be considered “post-bureaucratic.” The elaboration
stageis particularly interesting, both for the fact it isthe most ideal bureaucracy, and for
the fact it receives the least consideration in Greiner’ s work (perhaps because strong
examples of thistype of organization were difficult to find at the time). Today, Toyota
may be an example of an organization that successfully grew to the elaboration stage and

filled agap in thisliterature. (Liker, 2004)

While Greiner provided theinitia architecture for organizational life cycle development,
understanding of this construct has been further enhanced through follow-on research
(Quinn and Cameron, 1983; Lippitt and Schmidt, 1967), characterizing each stage
according to alarge collection of variables. Figure 4.2 summarizes each of the four
stages of life cycle development along the dimensions of :

0 Keysto Achieving Sage: the characteristic of organizational development which
marked the transition from one stage of evolution to the next. Initially, an
organization originates from a creative idea in the Entrepreneurial Stage, will
develop aclear purpose and direction as it transitions to the Collectivity Stage,
develops extensive internal systems of management in the Formalization Stage,
and develops effective utilization of teamwork in the Elaboration Stage.

o Goal of Organization: the overarching objective for an organization in this stage

of maturity. Organizational goals transition from survival to growth, internal
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stability, and market expansion, to development of a“complete” organization
with efficient and effectives rules and regulations throughout, as it transitions
through the stages of development.

Structure: the overall formal infrastructure common to an organization at this
level of maturity. Overall structure transitions from an informal one-person show,
to amostly informal structure with some procedures, to aformal structure with
division of labor, to extensive teamwork and small-company thinking as an
organization matures.

Top Management Style: characteristics of organizational leaders commonly found
in an organization in this stage of development. As the organization matures, so
do the requirements of leadership, from individualistic, entrepreneurial, and
controlling; to charismatic and team building; to the ability to delegate and
manage; to a self-managing team approach to attack bureaucracy.

Reward and Control Systems: the formal and informal methods and systems used
to award and discipline employees. Reward and control systems evolve from
personal rewards which are paternalistic to recognition of contributionsto
success; to impersonal rewards as elements of the formalized system; and
ultimately to rewards which are tailored to the department.

Crisisto Overcome: the specific challenge that devel ops within the organization
at this stage of development and must be overcome for the organization to mature
to the next stage of evolution. An organization may suffer from alack of

leadership in the Entrepreneurial stage, a need for delegation with control in the

194



Collectivity, aneed to deal with too much red tape in Formalization, and a need

for revitalization to overcome complacency in the Elaboration stage.

Organization:

Entrepreneurial Collectivity Formalization Elaboration
Stage Stage Stage Stage
Nonbureaucratic Prebureaucratic Bureaucratic Post Bureaucratic
KeY_S tq Creativity Provision of clear Addition of Development of
Achieving Stage : direction internal systems teamwork
. Reputation,
Goal of Survival Growth Internal stability, |40 0105ing a complete

market expansion

organization

Structure:

Informal, one-person

Mostly informal,

Formal procedures,

Teamwork within
bureaucracy, small

Control Systems:

paternalistic

to success

show some procedures division of labor .
company-thinking
Top Management Individualistic, Charismatic, Delegation with Team approach,
Style: entrepreneurial direction-giving control attack bureaucracy
Reward and Personal, Personal, contribution Impersonal, Extensive, tailored

formalized systems

to department

Crisis to
Overcome:

Need for
leadership

Need for delegation
with control

Need to deal with
too much red tape

Need for
revitalization

Source: Greiner (1972), Lippitt and Schmidt (1967), Quinn and Cameron (1983)

Figure 4.2 Summary of Organizational Life Cycle Characteristics

As seen through the organizational life cycle, an organization becomes more dependent

upon rules, regulations, and formal procedures to exert influence and control as it

becomes larger and more mature. As layers of bureaucracy are added to achieve this

influence and control, the organization becomes less responsive to internal and external

pressures to change. Thistrend isreversed as organizations achieve the Elaboration

Stage (Stage | V) of development, achieving a post-bureaucratic organization. The

Elaboration Stage is unique for the high degree of bureaucracy, but relatively low degree
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of red tape. Greiner (1972) identifiesit asrare for this stage to be achieved or sustained
by any organization due to a unigue balance of the conflicting values of big-organization
control and small-organization flexibility. It islargely for this reason most large and
mature organizations today would be considered stuck in the Formalization Stage (Stage

[11), unable to make the transition to Stage 1V thinking.

Transition through the first three phases of the organizational life cycleisalargely
natural transition for a growing, maturing, and successful organization; transition to an
Elaboration-Stage organization is not a natural evolution. As previously mentioned, it is
believed that Toyotais arare organization that has achieved successful elaboration and
the positive characteristics of bureaucracy described by an Elaboration-Stage
organization. The specific mechanics of this achievement within Toyota are not clearly
understood. However, for most organizations the transition to an Elaboration stage
organization must occur through a purposeful organizational design. The fear of
remaining in a stagnant, Formalization Stage may motivate many to deploy lean
production with promises of organizational |earning, employee empowerment, reduction

in bureaucracy, improved efficiencies, and culture change.

This study of the development of alean bureaucracy examines the transition from a Stage
Il organization to a Stage 1V organization. Figure 4.3 highlights this specific
transformation. Evolution to Stage |11 allows an organization to operate at ahigh level in
a complex environment, while evolution to a Stage IV organization can be considered as

a“perfecting” of that organization.
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+ Stage Il is about building an
arganization to operate at a high-
levelin a complex environment.

« Stage [V is about perfecting
that organization.

Stage lll: Stage IV:
ormalization Elaboration
Stage Stage

Burgaucraiic Very Bursaucrafic

KeYIS t‘? Adiclition of Developrment of
Achieving Stage : internal systems tearmwork
Goal of Internal stability, Reputation, complate
Organization: mathet expansion organization

Teamwork within
Structure: Formal procedures,

bureaucracy, small

division of labor o
compani-thinking

Top Management Delagation with Team approach,
Style: controf attack bureaucracy
Reward and Irnparsonal Esxtensive, tailored
Control Systems: formalized systems to department
Crisis to Meed to deal with Need for
Overcome: too much red tape revitalization

Figure 4.3 Purposeful Transition to an Elaboration Stage Organization

Relating the Organizational and Individual Life Cycle—Maslow's Hierarchy of Needs:
The study of growth, evolution, and purposeful transition in pursuit of perfection at the
organizational level has a striking similarity to Abraham Maslow’ s theory of motivation
at theindividual level. Maslow’s “Hierarchy of Needs’ identifies stages of personal
development and growth as our goals and desiresin life transition through the following
stages. survival, external growth, internal growth, and self actualization, the highest level
of achievable performance. Figure 4.4 illustrates the parallels between Maslow’s
hierarchy of human development and Greiner’s life cycle model of organizational

evolution.
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Elaboration

Frimary Goal
Developing a coginlete

Orga iz ation

AT
Stage IV

Pedormance

qufhalization
rimary Goal
Internal stability

Stage lll
Egoistical \Ngeds

Frimary Gos)
Internal Growt

Entrepreneurial
Frimarny Goal: Sundval

Stage I %,
Collectivity Social Needs
Frimary Goal Primary Goal:
Extarnal Growth External Growth
Stage |

Physiological Needs
Frimary Goal Sundval

Source: Greiner (1972) and Maslow (1990)

Figure 4.4 Organizational Life Cyclesand Maslow’s Hierarchy of Needs

According to Maslow (1990), many people will naturally transition through Stages| - 111

of development. Similarly, many organizati

onswill naturally transition through Stages |-

Il of development. However, few individuals and organizations are able to achieve the

highest levels of performance associated with self-actualization and elaboration. Self-

Actualization and elaboration exist as goals sought after by most mature individuals and

organizations, but are seldom achieved.

Enabling/Coercive Bureaucracy and the Lean Transformation:
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As previously mentioned, Formalization Stage organizations are characterized by
extensive internal systems of oversight and control, impersonal formalized systems, and
formal procedures, rules, and regulations. Elaboration Stage organizations on the other
hand, are characterized by teamwork and their overall attack on wasteful bureaucratic
structures and organizations. This stark contrast in organizational characteristicsis
similar to that of Coercive and Enabling bureaucracies, as identified by Paul Adler (1996).
It must be noted that in his recognition of coercive and enabling tendencies, Adler
suggests organizations are not homogenous. Rather, Adler argues intention and outcome
may blur as systems and governance exist in some areas to control (coerce) an employee,

aswell as support (enable) him/her.

Adler identifies bureaucracies, not by their maturity as Greiner, but by their internal
characteristics of the relationship between the individual and the formal systems. Adler
identified coercive bureaucracy by the ways in which they focus on assessing poor
performance, measuring costs, keeping employees out of the decision making loop, and
controlling actions of the individual through rigid adherence to rules, regulations, and
procedures. By contrast, enabling bureaucracy emphasizes. process characteristics,
sharing of best practice methodol ogies, empowerment and customization of procedures
as necessary, and emphasis on continuous evolution and improvement. Enabling and

coercive bureaucracies are summarized in Figure 4.5
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Coercive Bureaucracy Enabling Bureaucracy

 Systems focus on performance standards * Focus on best practice methods:
so as to highlight poor performance. information on performance standards is not
much use without information on best
practices for achieving them.

« Standardize the systems to minimize « Systems should allow customization to
gameplaying and monitoring costs. different levels of skill/expertise and should
guide flexible improvisation.

« Systems should be designed as to keep  Systems should help people control their
employees out of the control loop. own work: help them form mental models of
the system by glass box design.
* Systems are instructions to be followed, « Systems are best practice templates to be
not challenged. improved.

Source: Adler (1996)

Figure 4.5 Summary of Enabling and Coer cive Bureaucracy

A unique aspect of Adler’s study (1996) is highlighting the potential of bureaucratic
organizations to enable the employee. Prior to this research, most work on bureaucratic
theory suggested that a high degree of bureaucratization was synonymous with “red tape”
and inefficiency caused by excessive controls. Adler’s description of enabling
bureaucracy aligns closely to Greiner’s (1972) characterization of an Elaboration Stage

organization and post-bureaucratic organizational development.

Similar to Adler, Steven Spear and Kent Bowen (1999) have closely examined culture
and bureaucracy at Toyota. Their findings were similar, specifically their perceived
paradox of bureaucracy that “rigid specification (bureaucracy) is the very thing that
makes the flexibility and creativity possible’ (Spear and Bowen, 1999). How isthis

possible? Spear and Bowen point to the continuous improvement practices of Toyota.
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Any improvement made to an unstable process becomes simply one more way of
performing the process. True organizational learning requires stabilizing the process.
They use the analogy of scientific inquiry to describe Toyota s approach as running many
experiments. For each experiment a certain number of variables must be held constant
and standardized, while selective changes are made and the results observed. If the
results are favorable, then the new method is standardized until a better way is found.
Through alternatively stabilizing and improving through experimentation, a“very
bureaucratic” organization becomes efficient and capable of adapting to environmental

stressors. (Spear and Bowen, 1999; Adler, 1993, 1996)

Defining a Lean Bureaucracy:

Adler, Greiner, Spear, and Bowen all offer descriptions of very bureaucratic

organizations that reveal a picture of what a positive lean bureaucracy may look like. Y et,
the descriptions offered by these authors are each intended for a unique purpose and
audience. In order to describe alean bureaucracy more systematically, an adaptation of
Open Systems analysis is used to refine descriptive characteristics and parameters

(Nadler and Tushman, 1997). Three key areas in organizationa analysis are: the formal

organization, informal organization, and the organization’ s orientation to change.

These dimensions are summarized in Figure 4.6. The formal organization has an
organizational hierarchy and structure, rules, regulations, and procedures, roles and
responsibilities, written communication mechanisms, and decision making processes.

The informal organization is considered the “ soft stuff”, and includes elements of
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organizational history and culture, leadership styles, physical workspaces, sources of
individual power, and verbal communication mechanisms. Orientation to change would
consider the organization’s overall preparedness and environment for change, including
existence of a“burning platform” (pending organizational crisis), history of
organizational change, goals for transformation, and the overall strategy and

infrastructure for organizational change.

Formal Organization

« organizational hierarchy and structure » decision making processes
* written communication mechanisms « organizational reward systems
« formal procedures, rules, regulations « written roles and responsibilities

« technology and technical systems

Informal Organization

« sources of individual power « verbal communication mechanisms
« organizational history « organizational leadership styles
« organizational culture * physical layout of facilities

Orientation to Change

« goals of organizational transformation « infrastructure for transformation
» methods of organizational learning « organizational risk aversion
« history of organizational change « “burning platform”

Modeled upon Nadler and Tushman (1997)
Figure 4.6 Dimensions of Bureaucratic Analysis
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In order to characterize and describe a positive lean bureaucracy, the definitions of
Adler’'s*Enabling Bureaucracy” (1996), Greiner’s “Elaboration Stage Organization”
(1972), and Spear and Bowen’'s “DNA of the Toyota Production System,” (1999) are
compared along the dimensions of formal organization, informal organization, and
orientation to change. Each of theseillustrates alarge, complex, and mature bureaucracy
operating efficiently and eliciting the best characteristics of Max Weber’s (1990) original
declaration of bureaucracy asthe “ideal form of organization.” An additional source that
is added to this comparison is the “Learning Organization” as defined by Peter Senge
(1990). The Learning Organization isthe result of extensive research on small and large
organizations that are able to effectively learn, evolve, and adapt according to past
experiences. (Devannaand Tichy, 1990) Toyota and other lean producers are noted for
their ability to learn as an organization, and have been referred by Liker (2004) as “lean
learning organizations.” When combined, these four perspectives, Figure 4.7, create a

broad vision, description, and definition of an efficient and effective lean bureaucracy.
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As aresult of thisanalysis, amore refined definition of a positive lean bureaucracy is
created:

o Formal Organization: The formal organization of a positive lean bureaucracy is

marked by a sense of the whole. The organization would likely be considered as
very bureaucratic or post-bureaucratic for its systems, structures, and organization,
yet each is carefully crafted and evolutionary to both support the whole and
support the individual.

o Informal Organization: Teamwork is an important element of the lean

bureaucracy. Teams create complimentary units for the individual and work
effectively with other teamsto avoid politics and sub-optimization within the
larger organization. At the same time, the power of the individual is emphasized
While red tape connotes the powerlessness of the individual, lean bureaucracy is
characterized by an extreme emphasis on the individual as truly the most
significant of resources. Indeed, individuals are a source of power within an
organization, as they promote problem solving and a sense of community.
Servant leadership is an active element of alean bureaucracy, where the primary
role of leadership isto empower and enable the individual within the bounds of
the bureaucracy (Liker, 2008).

o Orientation to Change: The orientation to change in alean bureaucracy is

recognizable for emphasis on a systematic approach to challenging the status quo,
even challenging “best practice” methodologies. Process improvement and
change are a mechanism for continually improving the organization, refreshing it,

and training employees. A lean bureaucracy will not become stagnant if
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continually challenged and refreshed by a well-trained workforce. The
orientation to change is a central element to success of the lean bureaucracy, since
it provides the energy to combat organizational entropy. However, thisisaso a
tremendous challenge for the organization because it creates a constant sense of

urgency and need for change.

Developing a Lean Bureaucracy — A Life Cycle Perspective:

In earlier discussion within this chapter, a positive lean bureaucracy has been defined as a
large complex bureaucracy that has effectively deployed tenets of lean production.
Further, the context for transformation to a lean bureaucracy has been identified asa
purposeful transformation from a Formalization (Stage I11) bureaucracy. Discussion now

shifts to the lean deployment unit, and its implications to the outcome of transformation.

In a previous chapter, a distinction was made between mechanistic and organic
mechanisms of deployment, specifically the ways in which a single organization deploys
lean production. Organic was noted for learning and evolutionary deployment,
characterized by deep learning and arelatively slow deployment. Mechanistic
deployment was characterized by rapid and widespread deployment, yet arelatively
superficia understanding of implementation concepts. The characterization of
deployment originated from the characterization of organization structure asrigid and
“machine like” (mechanistic) as opposed to aliving, breathing, evolving organism
(organic). (Burnsand Stalker, 1961) From the perspective of organizational structure,

Adler (1996) suggests enabling bureaucracy has the technical characteristics of a
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mechanistic structure and the social flexibility of an organic structure. Thelean
bureaucracy is a hybrid mechanistic and organic organization. This concept can apply at
the unit of a single geographical site or across a dispersed multi-site corporation. Inthis

chapter we focus on the extended enterprise for alarge and complex bureaucracy.

Transformation of alarge extended-enterprise often occurs through a purposeful
organizational change program such as lean deployment or other corporate initiatives.
Many large and complex Formalization (Stage I11) organizations have undertaken a
transformation towards a lean bureaucracy. Asaresult, many have achieved a positive
and desirable outcome as defined in the previous discussion, but others have experienced

negative outcomes associated with red tape and bureaucracy in deployment.

We can look at the development of the lean deployment initiative in much the same way
as we looked at the growth and development of an organization—through the
organizational life cycle perspective described by Greiner (1972). An organizational
initiative is begun as alargely entrepreneurial venture, evolves over time, and may
achieve an elaboration stage. If successful, the initiative is simply thought of as part of
the organizational culture and operating norms. Therefore, a parallel model can be
created for the lifecycle of alean deployment as a bridge from Stage |11 bureaucracy to a
Stage IV bureaucracy. Figure 4.8 illustrates the stages by which an organization may
transition from a Formalization Stage bureaucracy to an Elaboration Stage bureaucracy

through a four-stage purposeful transformation through lean deployment.
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Stage | Transformation: Stage Il Transformation: Stage Il Transformation: Stage IV Transformation:
Entrepreneurial Stage Formalization Stage Collectivity Stage Lean Elaboration Stage Lean
Lean Deployment Lean Deployment Deployment Deployment
/ \ \
Stage Ill Organization: Stage IV Organization:
Formalization Stage Elaboration Stage
Bureaucracy Bureaucracy

Figure 4.8 Life Cycle Metaphor for Lean Transformation

The paralel between maturation of an organization and that of a purposeful
organizational transformation initiative highlights how an initiative, such aslean
deployment, evolves through unique stages. The model of organizational maturation is
appropriate for comparing the maturation of organizational change programs when the
initiative is begun by technology innovators and early adopters. As the deployment
grows it will engage alarger element of the organizational population until, ultimately,
the change management tools and techniques are simply absorbed by the organization as

commonly accepted organizational norms.

In the previous discussion of organizational evolution through stages of development, the
transition of characteristics (organizational goals, structure, top management style,
reward and control systems, and crisis to overcome) was presented. Figure 4.9 offersa
normative model of lean deployment through the same four phases of evolution:
entrepreneurial, collectivity, formalization, and elaboration. This normative model
characterizes organizations according to: goal of the lean program, perception of the lean

program, structure of lean deployment, leadership of the lean program, technical tools
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and techniques applied, social/cultural tools & techniques applied, lean program results

and benefits, and crisisto be overcome in order to move forward in lean deployment.

Entrepreneurial
Stage of Lean
Deployment

Collectivity
Stage of Lean
Deployment

Formalization
Stage of Lean
Deployment

Elaboration
Stage of Lean
Deployment

Goal of Lean
Program:

Learn Lean Production,
test the waters to see
how it applies

Growth, develop
strategic plan for Lean
Deployment

Internal stability,
“seeding” of entire
organization

Every worker seeking
continuous improvement,
every day

Perception of

Uncertainty

“Special projects to fix

“Everyone has to

“Here to stay, part

Program: and skepticism isolated problems” get involved!” of the day job”
nformal. few lead Mostly informal, small Folima' pmcegllfres’ Teamwork within
Structure: niormai, few leading ean capability bureaucracy, small

department for Lean

individuals Transformation beginning to develop in company-thinking
each department
Leadership of know'IAe(fjev;able Enroll senior Spread to middle All levels of the
Lean Program: 9 ' management management organization

Lean individuals

Technical Tools &

Tools deployment,
disconnected Process

Value Stream
Thinking by Individual

Value Stream
Thinking by Entire

Pursuit of Perfection,
Complete Value

Techniques: Improvement Departments Organization Stream Thinking
. lated | Widespread Widespread Widespread
Somal/CuIturaI_ Isolated employee engagement, isolated engagement and engagement,

Tools & Techniques: engagement empowerment of empowerment, empowerment,
employees isolated teambuilding teambuilding

Program Results
and Bengefits:

Isolated waste
elimination

Many examples of
waste elimination,
few specific cost
reductions

Widespread waste
elimination, many cost
reductions

Widespread waste
elimination, cost reduction,
and redeployment of
resources

Crisis to be
overcome:

Isolated Program
or Leadership

Failure to develop
depth of deployment

Failure to develop
breadth of
deployment, too
much red tape

Accepting “good
enough”, possible
burnout

Figure 4.9 Normative M odel of the Phases of L ean Deployment in an Organization

Consider each of these characteristics of lean deployment in turn:

0 Goal of the Lean Program: the overall purpose of the deployment program during

this phase of maturation. Asthe lean deployment takes roots within an

organization the primary objective is simply survival of the change management
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program and understanding the feasibility of lean concepts within the organization.
The deployment must overcome significant organizational inertiato current
practices simply to exist. As deployment is sustained, the objective becomes one
of growth, and in the Collectivity Stage of deployment a need arises for a strategic
plan for deployment in order to gain broader acceptance throughout the enterprise.
During a Formalization Stage of deployment a primary goal for implementation
would be to achieve internal stability for long-term success and effective seeding
of the entire organization to culture change of continuous improvement. The
ultimate goal of lean deployment in the Elaboration stage is where every worker
seeks continuous improvement every day as part of the culture and norms of

operation within the organization.

Perception of the Lean Program: a general attitude of employees towards the lean
deployment. Aslean deployment matures within the organization, the perception
of this change management program will also certainly change. At theinception
of deployment, the programis likely met with uncertainty and skepticism by
employees who may be uncomfortable with organizational change. Aslean
deployment matures, perception likely shifts to expectation of lean resolving
specific issues and process challenges throughout the organization, as thisis what
most employees are familiar with regarding change management. Employees
may finally realize that all aspects of the organization will be impacted by lean

deployment as the Formalization Stage is achieved. Finaly, during the
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Elaboration of deployment all employee’ swould be confident the program is not

simply a short-lived initiative, but a permanent policy for improvement.

Structure: the organizational makeup of the lean deployment. The devel opment
of structure in alean deployment is similar to that of an organization asit matures.
Early on in deployment, the structure would be largely informal, with afew
individuals assuming leadership roles due to their personal interests. As
deployment advances, asmall program office for lean deployment islikely to
emerge, yet it would remain largely informal in deployment. In the Formalization
Stage of deployment it becomes more critical for formal proceduresto guide
deployment, and the lean capability is established in all major departments. The
structure of lean deployment during the Elaboration Stage is an ideal end-state of
teamwork within the bureaucracy and small-company thinking and flexibility of

deployment.

Leadership of the Lean Program: the role of senior leaders leading the lean
deployment. At the inception of lean deployment, it islikely only afew
knowledgeable |eaders exist in support of deployment as early adopters and/or
innovators. Asthe deployment seeks to grow, it becomes important to effectively
enroll senior management in support of deployment. The most difficult level of
management to engage in deployment is that of middle management, but this

must occur in the Formalization Stage if true culture change isto occur within the
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organization. Finally, during Elaboration of lean deployment, management at all

levels of the organization are effectively engaged in deployment.

Technical Tools & Techniques: technical evolution of lean deployment concepts.
Upon inception, the technical deployment of lean would resembl e disconnected
process improvements and deployment of very specific technical concepts. As
deployment matures, this technical deployment would become more strategic in
the form of value stream thinking among independent departments, and connected
by value stream thinking in the extended enterprise in the Formalization Stage. In
the Elaboration Stage of |ean deployment, the application of technical tools and
techniquesis replaced with asmple, committed pursuit of perfection as applied to

value stream thinking throughout the entire organization.

Social/Cultural Tools & Techniques. social evolution of lean deployment
concepts. Similar to the evolution of technical tools and techniques, deployment
of social tools, the other element of the socio-technical nature of lean deployment
evolves over time. Socio-technical transformation begins with isolated employee
engagement; evolving to widespread engagement with only isolated
empowerment of employees. During Formalization an organization is able to
achieve widespread engagement and empowerment, but with isolated
teambuilding. Finally, alean deployment would involve widespread engagement,
empowerment, and teambuilding throughout the organization during the

Elaboration Stage.
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0 Program Results and Benefits: the overall benefit to be recognized through lean
deployment. Lean deployment may be initially engaged in each organization for
avariety of reasons, but the desire to achieve waste elimination is paramount. As
the deployment matures, many examples of waste elimination may arise
throughout the organization, as well as afew specific examples of cost reduction
may emerge. The Formalization Stage is simply a growth in the number and
impact of waste elimination and cost reductions. In the Elaboration Stage, the
organi zation recognizes widespread waste elimination, cost reduction, adaptation

to the environment, and redeployment of resources.

o Crisisto be Overcome: the greatest challenge to the lean deployment that must be
overcome in order to transition to the next stage of development. In order for lean
deployment to transition through stages of deployment, an organization must first
overcome crises associated with being considered an isolated program. Asit
matures, the crisisis afailure to develop depth of deployment during Collectivity;
afailure to develop breadth of deployment and possibly too much red tape during
Formalization; and ultimately, the desire to accept “good enough”, along with

possible burnout, in the Elaboration Stage.

Lean Deployment Unit — Enabling and Coercive Design:
The normative model of lean deployment is useful to understand the evolution and
development of the process by which organizational transformation occurs. However, as

previously discussed, not all lean deployments produce the same results. Many efforts
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that attempt to effectively transform the organization to a lean learning organization
become subject to the same rules and regulations of the bureaucracy they are attempting
to transform. Thisisasimilar comparison to Adler’s (1996) work on enabling and
coercive bureaucracy, reminding us there are various forms of bureaucracy. Therefore,
whereas Adler’ s analysis was description of enabling and coercive was a characterization
of bureaucracy. This concept is extended to consider the implications of an enabling lean

deployment and coercive lean deployment is introduced.

Adler (1996) identified organizational structure as enabling or coercive. Similarly,
organizational change can be conducted in an enabling or coercive manner. Adler did not
specifically define organizational change as enabling or coercive, but did identify the
implementation context by which enabling and coercive organizations could be created.
Thisis summarized in Figure 4.10. Adler considers the dimensions of structure, skills,
procedures, culture, and strategy. All of these loosely align to the dimensions of Open
Systems Analysis, which has been previously discussed: formal organization, informal

organization, and orientation to change.
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Implementation Context of Implementation Context of
Coercive Bureaucracy Enabling Bureaucracy
Iy
= « fiefdoms « mutually supportive specializations
: S « positional authority « hierarchy of expertise
: E * top-down control * shared control
o For_matl_ -i 9 « operational know-how * problem-solving and know-why
rganizafion : .(' s * harrow, specialized « both broad and deep
; Rz « training as expense to be minimized « training as investment to be optimized
g
Informal  __}- ' x * coercive constraints « enabling disciplines
Organization | : 2 « provide top-down visibility for « provide intelligibility for the top down, for the
; E 8 supervisors bottom up, and for everyone laterally
b4 B
bl w
s : ?2: e command and control » collaborative control and learning
‘: 3 * mistakes are costly * mistakes are learning opportunities
Orientation to H
Change N s ; o ;
g e + identifies desw.ed results « sharing of required capabilities
; E + focuses at business level « sharing of functional levels
05 * autocratic formulation process « participative formulation process

Source: Adler (1996)

Figure 4.10 Summary of Enabling and Coercive Bureaucracy in | mplementation Context

o Formal Organization: the formal organization in implementation context
incorporates the variables of structure, worker skills, and procedures. A coercive
bureaucracy is developed with an emphasis on rigid constraints, positional
authority, top-down control and visibility, and fiefdoms for span of control. An
enabling bureaucracy is developed through shared information, broad and deep
expertise, emphasis on problem solving during implementation and the
consideration of training as an important long-term investment.

o Informal Organization: the informal organization in implementation context
incorporates the variables of worker skills, procedures, and organizational culture.
During the implementation context, a coercive bureaucracy is characterized by

fear of failure and change management in which mistakes are costly. Furthermore,
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guantifiable results are publicized for the aggrandizement of the individual or
specific business unit. The informal organization of the enabling context places
significantly more emphasis on mistakes as learning opportunities and the need to
progress through collaborative |earning across the enterprise.

Orientation to Change: orientation to change in the implementation context
incorporates the variables of culture and strategy. Within a coercive deployment
the emphasisis placed upon quickly achieving desired business results of cost
reductions and reduction in labor force. Improvements focus at the sub-optimized
business level, and management islikely to define specific improvementsto be
implemented throughout the extended organization. An enabling implementation
occurs through a sharing of knowledge, resources, and technical expertise for total
organization-wide optimization. Improvements are made through a participative
formulation, and the average employee is meant to feel a greater degree of

ownership to the overall deployment.

Enabling and Coercive Lean Deployment:

This discussion leads to a question: What does the lifecycle of an enabling and coercive

lean deployment look like? To answer this question, we theoretically contrast an

enabling and coercive deployment through the four phases of the deployment life cycle.

Entrepreneurial Stage of Deployment:

Figure 4.11 illustrates differences between an enabling and coercive deployment during

the early entrepreneurial stage when the organization isfirst being introduced to lean
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methods. Asnoted earlier, in this stage of deployment the initiative is met with
uncertainty and skepticism, and the overall goal of the program isto learn the basic tools
to test the waters to see how they may apply. The structureisinformal, theinitiativeis
lead by a few knowledgeable individuals focusing on tools deployment and disconnected
process improvements, isolated employee engagement, with afew individual leaders who

act as champions.

An enabling deployment at this early stage is characterized by few rules and regulations,
so as not to impede learning. An organic and flexible structure would exist with little
formal reporting of results. The leadership team would focus on teaching the basics and
seek out early adopters within the organization who can take on future roles as |eaders of
deployment. An environment is created that encourages risk taking and learning from

early mistakes.

A coercive deployment at this stage would be characterized by rules and regulations to
manage implementation according to a structured plan. A mechanistic structure would
exist with rigid roles, responsibilities, and reporting requirements. A management-
oriented leadership team would be in place to monitor and measure deployment. A
highly structured deployment strategy would be developed and enforced to build a
repeatable model of implementation across the entire organization. An emphasis would
be placed on short-term cost-reductions, strict procedures, and an identification of key

leverage points to optimize return on investment of deployment.
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Collectivity Stage of Deployment:

Figure 4.12 illustrates differences between an enabling and coercive deployment during
the collectivity stage. As previoudy identified, the overall goal of the initiativeisto
spread lean methods in this stage of deployment. The overall perception of the program
continues to be a“ specia program to fix isolated problems,” with a mostly informal
structure and small department for lean deployment. The role of leadership isto enroll
senior management, and value stream thinking begins within isolated processes. At this
point, the organization has more widespread engagement, though empowerment remains
inisolated isands. Many examples of waste elimination exist, and afew specific cost
reductions are achieved. The crisisto overcome at this stage is the failure to develop

depth of deployment.

During the collectivity stage of deployment, an enabling deployment would have rules
and regulationsin place to enable individual learning throughout the organization while
forms and reporting evolve to support deployment. A technically-oriented leadership
becomes more balanced with a management structure to spread deployment throughout
the organization. The organization encourages |eadership engagement and encourages
leaders who become engaged. The orientation to change is characterized by a centralized
deployment team coaching necessary deployment skills at low-levels throughout the

organization, with an emphasis and focus on growing lessons learned.

A coercive deployment at this stage would be characterized by rules and regulations to

manage implementation according to a structured plan. Standard reporting would be
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established to assess deployment across the organization, and strategic targets would be
set for deployment metrics. Individual performance appraisals would be tied to these
metrics. The management-oriented |eadership team would consolidate power under a
lean program office. Furthermore, employees would be assigned to complete minimum
guotas of lean training, and leaders who do not support deployment would be punished.
A continued emphasis would be placed on documenting and capturing cost reductions,
and expertise would rest with small groups of experts deployed to high-profile initiatives

by management.
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Formalization Stage of Deployment:

Figure 4.13, below, illustrates differences between an enabling and coercive deployment
during the formalization stage. In this stage of deployment the overall goal of the
initiative is to build internal stability and “seeding” of the entire organization. The
program has grown to the point that it is recognized as a serious part of the management
system and managers accept that supporting it is necessary to have a successful futurein
the organization. Formal procedures are aggressively developed for implementation, and
capacity to lead lean deployment begins to arise in each department of the organization.
Middle managers within the organization become active and connected value stream
thinking begins to occur throughout the entire organization. There is an attempt to build
wide-spread employee engagement and empowerment. By this point, many success
stories have been documented and a cause and effect relationship is accepted between
lean deployment and movement of key performance indicators. The crisisto be
overcome is now failure to develop breadth of deployment and too much red tape within

deployment.

During the formalization stage of deployment, an enabling deployment would have rules
and regulationsin place to enable sharing of best practices and organization-wide
learning. Managers of the lean deployment must achieve a strong balance between
technical-orientation of continuing to teach deployment, and a leadership-teaching
orientation to facilitate the deployment. The primary leadership challenge isto develop

senior managers. At this point, lean deployment is considered a viable mechanism for
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achieving business objectives, and the infrastructure for deployment is dispersed

throughout the organization.

A coercive lean deployment at this stage would be characterized by even more highly
developed rules, regulations, metrics, and audits to mandate adherence to best practices.
L ean would become part of the company’s formal operating procedures supported at the
level of the CEO. Lean deployment would still be controlled and managed by experts
throughout the organization, with little opportunity for variation from the standard
mechanisms. Lean leadership would consolidate power, and an emphasis would be
placed on complying with corporate best practices (the net effect of which would stifle
continuous improvement efforts). Additionally, the organization would strive for
replication of cost reductions throughout the entire organization. In the end, the intent of
lean deployment would slowly erode and power players could manipulate the message of

engagement and empowerment towards their own desired outcomes.
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Elaboration Stage of Deployment:

Figure 4.14 illustrates differences between an enabling and coercive deployment during
the elaboration stage. As previously mentioned the goal is to achieve a culture in which
every worker is seeking continuous improvement, every single day in this stage of
deployment. Leanisconsidered “hereto stay” as part of the day job, and teamwork is
achieved with small company thinking. All levels of the organization are engaged
through deployment and pursuit of perfection, and complete value stream thinking is
sought through the entire organization. Widespread engagement, empowerment, and
teambuilding exist, and waste elimination, cost reduction, and redeployment of resources
are seen as tangible benefits. The challenge at this phase of deployment isto overcome

the notion of accepting “good enough” and possible burnout by the organization.

During the elaboration stage, an enabling deployment would have mechanismsin place
so that organizations could “pull” best practices. Furthermore, lean knowledge would be
dispersed throughout the entire organization. Senior management would be leading the
lean deployment by advocating, teaching, and coaching. Lean deployment would be
fully aligned to business objectives. Management would encourage employees to
challenge the status-quo, while an organizational sense of urgency must be constantly

renewed in aquest for perfection.

A coercive deployment at this stage would involve senior management regularly

assessing lean deployment “by the numbers’. Extensive formal procedures would bein

place, with emphasis on aligning to structured deployment plan. Lean deployment could
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quickly be considered as a standardization initiative throughout the extended organization
(as opposed to corporate best practices). Aslean deployment gained in political clout
within the organization, leaders from early stages of deployment could be pushed out by
corporate power players. At this phase of deployment, lean could be considered asa
destination that has been achieved, and many organizations may be prepared to evolve

and transition towards the next corporate initiative.
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This discussion has addressed the four phases of lean deployment, with a detailed
summary for each. It began with Stage One, where an organization isfirst introduced to
lean. Finaly, it concluded with Stage Four, where lean deployment is simply the way an
organization now operates. The life cycle model of lean deployment illustrates that an
initiative will ultimately become more bureaucratic as time progresses, regardless of how
it attempts to address enabling and coercive methodologies. The degree to which Toyota
isableto exist as an enabling organization with a high-degree of bureaucratization is
ultimately a paradox from the DNA of the Toyota Production System. (Spear and Bowen,
1999) This chapter will now examine a case study of alarge, complex, internationa

organization and its lean deployment during the four phases of deployment.

CASE STUDY —LEAN DEPLOYMENT AT REMAN
To further examine the concept of enabling and coercive lean deployment, a case study
analysisis conducted of “REMAN,” alarge naval ship repair organization. While the
specific agency or industry of REMAN is not important to case study consideration, the
organization is extremely large, geographically dispersed around the United States, and
heavily impacted by global events. REMAN is an organization of more than 50,000
employees worldwide and has awell established history as aleader in its specific
industry. REMAN initiated a deployment of continuous improvement aligned to the
principles and practices of the Toyota Production System in 2001. This case study traces
the first six years of thislean deployment. Many other organizations have approached

REMAN in order to learn from this model of lean deployment. For these reasons, lean
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deployment at REMAN isatypical lean production initiative within alarge and complex

organizationa bureaucracy.

To provide greater depth of analysis, the case study of lean deployment at REMAN will
provide a comparison of implementation at the two largest divisions of the organization:
EarlyAdopter Division and LateToTheParty Division. EarlyAdopter and
LateToTheParty are the two largest divisions of REMAN, each representing an
organization of roughly 20,000 employees at more than a dozen sites across the country
and having multibillion dollar operational budgets. REMAN and each of the two

divisions are headquartered in amajor east coast city.

L ean deployment within EarlyAdopter and LateToTheParty was heavily influenced by
guidance and directives from REMAN throughout the six year period. Initial deployment
efforts were largely grassroots and organic at EarlyAdopter and LateToTheParty, the
primary difference being EarlyAdopter had roughly atwo year head start during the
Entrepreneurial Stage of deployment. REMAN initiated an aggressive corporate
deployment during the Collectivity Stage of deployment, influencing the methodol ogy
and context for lean deployment. During the Formalization Stage of deployment,
headquarters management within both divisions became heavily involved to influence the
specific content of deployment throughout their divisions. Neither EarlyAdopter nor
LateToTheParty Division was able to achieve an “Elaboration” stage of deployment. The
primary value in comparing the two organizations is to examine one organization,

EarlyAdopter, that was largely pro-active in shaping corporate direction for lean
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deployment; and one organization, LateToTheParty, that was largely reactive in

responding to corporate direction.

Before examining the two departments, the distinction between intended and unintended
outcomes should be considered. Robert Merton (1968) identified how an organization
would take purposive action to transition from an existing state of performance to a
desired future state of performance, similar to lean deployment within REMAN.
However, Merton concluded both intended and unintended outcomes occur, which
together may result in less than desirable consequences. Unintended outcomes may
result from many factors within a bureaucracy. Some of these factors include the degree
of: politics, leadership engagement, planning, execution, vested interests, confusion,
creativity, and communication. Figure 4.15 illustrates how an organization filter (internal
organizational distortions) is applied to the purposive change action to create both
intended and unintended outcomes. In examining the EarlyAdopter and LateToTheParty
case studies, both what actually occurred and the intended outcomes will be examined.
The researcher is able to write about the intended outcome of implementation since he
was a participant observer, an entry level professional position in the REMAN

bureaucracy in support of corporate deployment.
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Figure 4.15 Intended and Unintended Consequences of Organizational Change

In considering the divergence between intended and unintended outcomes of lean
deployment, it isimportant to keep in mind the primary difference between EarlyAdopter
and LateToTheParty: EarlyAdopter Division initiated deployment two years prior to
LateToTheParty. Thisresulted in EarlyAdopter Division having a deeper knowledge and
understanding of lean deployment when the influences of REMAN lean deployment
became more bureaucratic in the Collectivity Stage of deployment. Additionally,
EarlyAdopter Division was largely proactive in shaping corporate lean deployment, while

LateToTheParty Division was more reactive to direction from REMAN.
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Case Study Stage | - Entrepreneurial Stage of Lean Deployment:

The primary normative objective in the Entrepreneurial Stage of lean deployment isto
learn the basics of lean production. During this stage, the deployment is largely informal,
relatively shallow and narrow. Deployment at this stage focuses on the fundamental tools
of lean production and disconnected process improvement. It entailsisolated engagement
of employees and result in isolated waste elimination. As discussed in the comparison to
Maslow’ s hierarchy of needs (1990), the deployment is till in arelatively fragile state
where continuation of the lean deployment initiative is not certain. The result of these
normative characteristics in an enterprise-wide lean deployment is that each individual
site or organization acts largely independently and entrepreneurialy ininitial stages of
deployment. This suggests an opportunity for trial and error methods with limited
corporate oversight and governance - essentially low bureaucracy. Implementation at a
specific siteislikely to become afunction of the leadership style of the site deployment
leader. Asmultipleindividual sites within alarger organization continue to develop in
their lean deployment, they may begin to share techniques and lessons |earned with each
other. However, their will be a point at which deployment cannot continue to grow
unless formal energies and resources are applied, so asto build an infrastructure for
growth of deployment and take deeper roots for transformation. Figure 4.16 summarizes
the intended outcome within REMAN and the actual outcomes during the Entrepreneurial

Stage of deployment at the EarlyAdopter and LateToTheParty Divisions.

During the Entrepreneurial Stage of lean deployment at REMAN, corporate governance

was largely non-existent in transformation efforts. The intended outcome was for
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individual sites and departments to learn the fundamentals of lean deployment and
establish a proof of concept within the industry. Corporate management at REMAN
supported efforts made by individual sites, but did not wish to officially endorse the
effort or commit resources. The intent was for the concept to be proven before corporate
energies were placed behind the initiative. Additionally, they wanted sites to take
ownership by using some of their own funding. Corporate management did not have
expertise in any aspect of lean deployment. The perspective was clearly to “wait and

see” before proposing intended outcomes. Beyond lean deployment, corporate
management at REMAN was largely mistrusted by the EarlyAdopter and
LateToTheParty Divisionsfor “meddling” in day-to-day operations. It was clear process
improvements needed to be made within REMAN since budgets were continually
pressurized. However, corporate management was already invested in a“transformation
plan” with afew specific targets and initiatives. They resisted endorsing lean deployment
to make sure it was not a“flavor of the month,” which would quickly subside. The
Entrepreneuria Stage of deployment at REMAN lasted approximately 30 months. The
transition to the Collectivity Stage occurred when alarge number of managers within
EarlyAdopter Division petitioned corporate management to become engaged in endorsing

aformal lean deployment program.

EarlyAdopter Division was the first within REMAN to engage in lean deployment. This
occurred when the executive overseeing EarlyAdopter introduced senior leaders to lean
while on atour of Toyota s Georgetown, Kentucky plant. However, the executive was

uncertain of how the concepts would apply in thisindustry, and ssmply desired to “plant a
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seed” for lean (not promote an organizational deployment). Several siteswithin
EarlyAdopter Division made positive strides towards learning lean production. Thiswas
truly an entrepreneuria effort with little external pressure applied, and no formal rules or
procedures existed beyond those developed internally. Over time, knowledge was
extensively shared throughout various sites at EarlyAdopter Division as the lean
deployment communities shared |essons learned and examples of success. Leaders
considered to be forward thinkers and early adopters of technology (Rogers, 2003) were
selected to lead the lean deployment. They were enthusiastic about the opportunity and
chalenge. Because it was arisk-averse organization, many senior managers resisted
continuous and rapid improvement techniques of lean deployment. Each department
within EarlyAdopter implemented lean differently, often mirroring the personality of
leadership and culture of the department. Many within EarlyAdopter Division were
excited about the potential for lean deployment. A need for improvement was recognized
within EarlyAdopter, especialy since budgets had been shrinking on an annual basis.
Ultimately, EarlyAdopter Division pressured REMAN'’ s corporate |eadership to become
engaged in lean deployment, and an ideological competition arose among the sites of

EarlyAdopter Division asto the preferred method of deployment.

LateToTheParty Division initiated lean deployment much later than EarlyAdopter
Division. The duration of their Entrepreneurial Stage varied by site, and lasted
approximately 6-12 months. Asaresult, there was much less growth and learning at each
site within LateToTheParty Division. The impetus for deployment at LateToTheParty

Division was aso different from that of EarlyAdopter. Whereas EarlyAdopter had
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slowly embraced lean internally, the feeling within LateToTheParty was much more of
reactive urgency as it became clear REMAN was going to become engaged in enterprise-
wide lean deployment. LateToTheParty Division borrowed significantly from learning
that occurred at EarlyAdopter Division, including implementation methodologies and
training materials. Well-respected managers were selected to lead the lean deployment
within LateToTheParty Division, but not individuals who would be characterized by their
individual passion or technical knowledge of the processes. By the time REMAN was
ready for atransition to the Collectivity Stage of deployment, there was much less
personal support, enthusiasm, and proven success for lean at LateToTheParty Division as
compared with EarlyAdopter. Budget constraints were not as critical and senior
management did not embrace the need to deploy lean. Managers at LateToTheParty
Division were embracing lean as the inevitable corporate direction, while management at

EarlyAdopter Division were driving REMAN to become engaged.
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Case Study Stage || - Collectivity Stage of Lean Deployment:

During the Collectivity Stage of deployment, the normative objective isto grow the
deployment in order to achieve a sense of legitimacy and organizational investment. At
this stage, the deployment remains mostly informal with a small department leading the
lean deployment. Value stream thinking is applied by individual departments, and there
is widespread engagement of employees, though perhaps limited or isolated
empowerment. In the case study of lean deployment at REMAN, after being encouraged
by grassroots successes at LateToTheParty, and particularly EarlyAdopter Division,
corporate management became engaged in deployment. A senior official with
EarlyAdopter Division was selected to lead a Task Force that had been established to lead
leaders from both EarlyAdopter and LateToTheParty Divisions were asked to join a
leadership steering committee. A group of four individuals worked with a corporately
selected consultant to write a thirty-page formal “Lean Implementation Plan” for
REMAN. Thisimplementation plan was endorsed by all senior leaders of REMAN prior
to distribution. The plan included terminol ogies, position descriptions, training modules,
performance expectations, a suite of metrics, and formal guidelines on implementation.
Figure 4.17 summarizes the intended outcome and the actual outcomes during the

Collectivity Stage of deployment at both EarlyAdopter and LateToTheParty Divisions.

The intended outcome during the Collectivity Stage of lean deployment at REMAN was
to achieve consistent and results-oriented implementation across the whole of REMAN,
50,000 employees and over 30 sites.  This was supposed to be achieved through strict

adherence to the formal implementation plan, including its rigid roles and responsibilities,
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training curricula, management expectations, reporting metrics, and follow-on audits and
assessments. Corporate management at REMAN expected rigid adherence to the
deployment strategy, and believed that managers at EarlyAdopter and LateToTheParty
Divisions would implement the deployment plan as directed. Asissues arose that were
not covered in the deployment plan, REMAN devel oped additional guidance and
directives. Corporate management at REMAN understood the business case for change
and was confident this message would be communicated and embraced by the extended
organization. Lean deployment was intended to “overwhelm” the organization as the

single largest change initiative in the history of REMAN.

L eaders of the lean deployment initiative at both EarlyAdopter and LateToTheParty
Divisions were appreciative of the engagement by REMAN. Particularly within
EarlyAdopter Division, it was believed lean deployment had gone as far asit could
without endorsement and resource allocation from corporate management. Leadership
from EarlyAdopter played a major role in the creation of the corporate deployment plan
and welcomed the legitimacy it brought to lean deployment. But later it became resistant
to the controlsit placed upon them. Leadersin EarlyAdopter Division had severa years
of knowledge and experience with lean deployment, and became somewhat rebellious to
guidance and directives from REMAN when they did not support the direction. At this
point a clear division arose within leadership at EarlyAdopter Division. Many leaders
sought to execute the REMAN strategy verbatim; however, many of the technically-
oriented lean deployment leaders (who had direct experience with implementation) found

the guidance rigid and failed to implement the guidance being offered. The divide was
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also seen in the culture of deployment between what was communicated to the workforce
and what was reported to REMAN. The message to the workforce supported first-level
employee engagement and empowerment, but reports to corporate management revealed
little more than “bean counting” the number of events, employees trained, and dollars
saved. The orientation to change at EarlyAdopter Division changed dramatically as
REMAN became engaged. What had begun as a grassroots effort and “good idea’ had
now become a corporate initiative that was mandated. Many managers were now forced
to become involved in deployment, while other power players sought to utilize

deployment energy to push their desired outcomes.

LateToTheParty Division was now given the guidance for lean deployment, something
they had been seeking. Whether aresult of desired implementation, a desire to please
REMAN, or both, LateToTheParty Division was aggressive in implementing the
corporate deployment plan. LateToTheParty Division did not possess expertisein lean
deployment consequently sought out guidance from REMAN and the documented
strategy of the deployment plan. LateToTheParty endorsed guidance, directives, and
assessments from REMAN, performing well in audits and assessments for all areas of
deployment. Leadership throughout LateToTheParty wasimmersed in lean deployment
in order to adhere to a corporate directive. The “burning platform” at LateToTheParty
came from corporate management at REMAN, which was placing pressure to ramp up

deployment to the pace of EarlyAdopter Division.
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Case Study Stage I 11: Formalization Stage of Lean Deployment:

During the Formalization Stage of deployment, the normative objective isto develop
internal control and stability of the lean transformation. At this point, the initiative
should be producing tangible results. Furthermore, the emphasis shifts to developing
sustainable internal deployment mechanisms and structure. A shift in deployment
infrastructure may be expected from the lean deployment office, to mainstreamed
capability within the operational organization. The overall structure and strategy for lean
deployment in the Formalization Stage will become more focused on the specific context,
goals, and objectives of the operational organization, whereas in the Entrepreneurial
Stage the objective was to determine whether the initiative would survive and in the
Collectivity Stage the objective was to spread deployment throughout the organization.
In the case study of REMAN, this emphasis on driving results and developing interna
stability resulted in establishment of specific cross-functional teamsto achieve
operational objectives throughout the extended enterprise. These cross-functional teams
became known as “Nationa Value Streams,” each aligned to a specific functional
operation of the organization. Each National Value Stream had an independent lean
deployment infrastructure, and the team lead for each initiative was accountabl e to senior
executives at REMAN to deliver results. As corporate best practices were identified in
the various functional areas by the National Value Stream teams, they were elevated to a
“lean release” for mandatory implementation. The “release” concept was similar to the
bundling of new technologiesin a spiral development of computer software. Figure 4.18
summarizes the intended and actual outcomes during the Formalization Stage of

deployment at both EarlyAdopter and LateToTheParty Divisions.
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Corporate management at REMAN was enamored with deployment of National Value
Stream initiatives and L ean Releases as mechanisms to rapidly deploy lessons learned
throughout the organization. Within the various divisions of REMAN, skepticism was
prominent anytime another site or department claimed a corporate best practice. The
intent of the National Vaue Stream was to both develop and identify best practices for
corporate implementation. The expectation within REMAN was for the knowledge-
sharing networks of the National Vaue Streams to identify these best practices, and for
the corporation to adhere to all aspects of the best practice technical solution.
Implementation of best practices would be evaluated through regular corporate audits to

assess execution.

The Nationa Vaue Stream and Lean Release approaches at REMAN were initiated with
relatively enlightened and enabling intentions. However, as the initiatives continued to
develop, what began as an effort to share lessons learned in alearning community of
practice became an extremely coercive deployment with audits and assessments. For
each corporate initiative, detailed instructions and audit standards on observable
characteristics (not the underlying intent) were written. Similarly, the selection of
initiatives for “corporate release” was voted on in alargely political manner throughout
the extended organization. Further, adherence to the lean release strategy was to be
executed along with the corporate deployment plan (which identified the mechanics by
which each initiative was to be conducted). Lean deployment at REMAN wasto be
driven corporately by adherence to change pace requirements and audits to assess

adherence to the National Value Stream initiatives and L ean Releases.
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Within EarlyAdopter Division, the Lean Release approach was initially implemented
with great energy and hope. Leadership within EarlyAdopter had largely become
disenfranchised with the corporate deployment practices of REMAN, and they saw the
lean release approach as a mechanism to refocus deployment on strategic operational
business objectives. EarlyAdopter Division established a small, but powerful
bureaucracy to deploy lean best practices and oversee implementation across the
department. The division had never before had such specific guidelines for adherence to
corporate process standards as those set forth in the lean release. It became clear within
EarlyAdopter Division that the original leaders of lean deployment were being pushed
out by the management group of the National Value Streams. Over time, it also became
clear that this management group consisted of heavy-handed power brokers within
EarlyAdopter Division who were able to interpret corporate guidance in their own way
and use this mechanism to achieve personally desired outcomes throughout EarlyAdopter
Division. Lean deployment within EarlyAdopter Division had become an end unto itself
as managers were now able to achieve nearly any desired outcome aslong as it was
associated with “lean”. The original expertise and intent of lean deployment had largely
been lost within the bureaucracy. Those seeking truly enabling and empowering
continuous improvement, the original leaders of lean deployment within EarlyAdopter

Division, were left to work small initiatives under the radar of corporate management.

At LateToTheParty Division, similar to EarlyAdopter Division, knowledge-sharing

networks were established to deploy lean lessons learned according to the National Vaue

Stream context. However, LateToTheParty Division lacked the broad experience and
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deep understanding of lean that EarlyAdopter Division had learned in their early years of
the Entrepreneurial Stage. National Value Stream initiatives were more difficult and
complex than standard improvement initiatives, both in terms of technical complexity and
political savvy required to make them successful. Overall, National Value Stream efforts
failed to make any significant impact within LateToTheParty Division. Results were not
deployed beyond the original organizations. Central management and oversight of this
effort was not nearly as strong as it had been at EarlyAdopter Division. Finaly, change
agent leaders lacked the technical ability to make them successful. However, corporate
management at REMAN was not aware of failure to implement, and the issue went
largely unnoticed. With regards to adherence to the Corporate Deployment Plan:
LateToTheParty Division, which had initially lagged behind EarlyAdopter Division in
overall deployment, began to question guidance from corporate REMAN in much the
same way as EarlyAdopter Division had previously. Encumbered by quotas to
deployment pace and corporate oversight, LateToTheParty Division no longer enjoyed a

“honeymoon phase” and began pushing back on corporate guidance.
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Case Study Stage |V - Elaboration Stage of Lean Deployment:

The Elaboration Stage of lean deployment was identified earlier as the post-bureaucracy
period of deployment. At this stage of maturity, organizational structures, corporate
deployment strategies, and new initiatives cease to drive deployment. Lean issimply
“hereto stay” and “part of the day job,” while improvement initiatives are aligned
directly to measurable strategic business objectives. Ultimately, alean deployment that is
able to achieve the Elaboration Stage successfully resultsin alean learning organization,
or a positive lean bureaucracy, in which every worker seeks continuous improvement
every day. Neither the EarlyAdopter nor the LateToTheParty Divisions of REMAN were
able to achieve the Elaboration Stage of deployment due to coercive influences within
deployment and the overall organization, for these reasonsit is doubtful they ever will be

able to achieve the Elaboration Stage of deployment.

CASE STUDY ANALYSIS
The case study of lean deployment at REMAN, with detailed profiles of two large
divisions (EarlyAdopter and LateToTheParty) is an example of how one large complex
bureaucracy seeks to transform itself through principles and practices of the Toyota
Production System. The case study of lean deployment at REMAN is similar to
purposeful transformations at many other large organizations. Whether they are private
or government, industrial or service. The intent to transform towards a lean bureaucracy
(which has been shown to parallel definitions of a Learning Organization, Enabling
bureaucracy, and Elaboration Stage Organization) is characteristic of transition from a

bureaucratic stage organization (Stage I11) to a post-bureaucratic stage organization
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(Stage 1V). This case study offers deep understanding of the transition process towards a

lean bureaucracy, distinguishing between an enabling and coercive transformation.

As can be seen in the case study, coercive lean deployment became away of life within
REMAN. The well-intentioned initiative to transform alarge and complex bureaucracy
ultimately became a function of the bureaucracy. Thisis not to say lean deployment was
afailure, there are many very positive outcomes from six years of lean deployment, so
much so that many other organizations looked to REMAN as amodel to emulate.
However, deployment likely will never achieve atruly transformational effect within the
organization. Indeed it may fail to create a positive lean bureaucracy. Thisdiscussion
will: identify the enabling and coercive nature at each stage of lean deployment within
REMAN, offer some understanding to the unique stories of the EarlyAdopter and
LateToTheParty Divisions, identify the influences to enabling and coercive deployment,
and ultimately attempt to characterize the degree of success at lean deployment at

REMAN.

Characterization of Deployment at REMAN - Enabling and Coercive:

The case study of lean deployment at REMAN offers an inside look into the enabling and
coercive mechanics by which an organization transforms itself. To support discussion, in
Figure 4.19 each stage of deployment at EarlyAdopter Division and LateToTheParty
Division is characterized by the degree to which enabling and coercive characteristics are
deployment are observed. These characterizations are based on qualitative observations

made during deployment, analyzing the frequency and impact of enabling and coercive
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characteristics defined in earlier discussion; ratings are made on a scale of: low, low-

moderate, moderate, high-moderate, and high, for the degree to which enabling and

coercive characteristics of deployment are observed. A discussion and detailed

description of each rating isincluded in the following analysis. In general, both

organizations experience a decline in enabling characteristics and an increase in coercive

characteristics as deployment matures. The shift in implementation from enabling to

coercive at LateToTheParty Division was much more rapid and significant than the shift

at EarlyAdopter Division.

EarlyAdopter Division

LateToTheParty Division

Enabling
Characterization
of Deployment

Coercive
Characterization
of Deployment

Enabling
Characterization
of Deployment

Coercive
Characterization
of Deployment

Entrepreneurial

Stage

s HIGH LOW HIGH-MODERATE | LOW-MODERATE
Collectivity

Stag HIGH-MODERATE | MODERATE LOW HIGH-MODERATE
Formalization MODERATE HIGH LOW HIGH

Figure 4.19 Enabling/Coer cive Deployment at EarlyAdopter and LateToT heParty

Entrepreneurial Stage of Deployment at REMAN - Enabling and Coer cive:

During the Entrepreneurial Stage of lean deployment at REMAN corporate governance

and oversight of lean deployment efforts were non-existent. Deployment in this phase

was truly entrepreneurial in nature as each organization attempted different

methodologies and formulas in order to achieve success. The leaders of the program

were largely “salesmen” of the effort as much as they were technical expertstrying to
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push the fundamental concepts of lean production. The Entrepreneurial Stage of
implementation |asted approximately three years at EarlyAdopter Division, whileiit lasted
asingleyear at LateToTheParty Division. The intent of implementation at
LateToTheParty Division was more coercive than that at EarlyAdopter. While
EarlyAdopter had truly initiated a grassroots effort to improve performance,
LateToTheParty desired to impress senior management within REMAN when it became
obvious that corporate guidance would soon be offered on lean deployment. In both
departments, implementation was largely enabling in nature, which contrasted with the

general coercive organizational structure and tendencies of the larger organization.

In considering the degree of enabling characteristics observed in the Entrepreneurial
Stage of lean deployment, EarlyAdopter Division would be considered high, with

LateToTheParty Division considered high-moder ate.

In both departments the primary task was simply to learn lean production, and forward
thinking and enthusiastic leaders were selected to lead the deployment. In the case of
EarlyAdopter Division, there existed a general absence of formal rules and procedures for
implementation beyond those developed internally for use by implementers. Each
department implemented lean differently, often mirroring the personality and culture of
the department. There existed significant trial and error of implementation with energies
shifting to parts of the organization exhibiting interest and commitment to the changes.
Within EarlyAdopter Division, the implementation |eaders were technically

knowledgeable of lean fundamentals, but were not interested in organization building or
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required reporting. Significant knowledge-sharing existed within EarlyAdopter Division.
Many of these lessons were passed on to LateToTheParty Division as they sought to

catch up with EarlyAdopter in implementation.

In considering the degree of coercive characteristics observed in the Entrepreneurial
Stage of lean deployment, EarlyAdopter Division would be considered low, and

LateToTheParty Division would be considered |ow-moder ate.

In the Entrepreneurial Stage of deployment, coercive characteristics of implementation
were minimal, yet did exist largely as aresult of organizational infrastructure. Within
EarlyAdopter Division, many senior managers resisted continuous improvement and
rapid improvement techniques. In many instances second-tier managers (not the A-
players) were selected to lead deployment and an ideological competition rose within
EarlyAdopter Division. Within LateToTheParty Division, much lessindividual growth
and learning occurred since they were catching up with EarlyAdopter. Thisresulted in
coercive tendencies of implementation as emphasis was placed upon “deploying lessons

learned,” and not internal learning.

Collectivity Sage of Deployment at REMAN - Enabling and Coercive:

In the Collectivity Stage of deployment at REMAN, corporate leadership formed aLean
Deployment Task Force and became actively involved in deployment at each division. A
Lean Implementation Plan was written, and it quickly became a corporate “ program” to

be implemented across the enterprise. Individual divisionslost much of their autonomy
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in technique and reporting of improvement status with the heavy handed approach to

cookie-cutter implementation.

In considering the degree of enabling characteristics observed in the Collectivity Stage of
lean deployment, EarlyAdopter Division would be considered high-moderate, and

LateToTheParty Division considered low.

Appreciative for REMAN’s corporate acknowledgement and involvement, EarlyAdopter
Division considered corporate involvement to be a further enabler of implementation and
played amagjor role in the creation of the corporate deployment plan. Early on, leaders of
lean deployment within EarlyAdopter Division were able to heavily influence the
corporate message, and the message was an enabler to implementation in the way it
required senior management’ s attention. EarlyAdopter division was now able to acquire
the resources and management attention it had been missing. However, as time went on,
and the REMAN management team became more experienced, the relationship with
EarlyAdopter Division changed. What began as a high-powered corporate initiative they
could control soon grew to athreat to EarlyAdopter Division as the energies and focus of
REMAN shifted. Within LateToTheParty Division, the issuance of the lean Corporate
Deployment Plan, atextbook instruction for implementation, created avery coercive
deployment - the only enabling characteristics of deployment were the senior leadership

commitment it required.
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In considering the degree of coercive characteristics observed in the Collectivity Stage of
lean deployment, EarlyAdopter Division would be considered moderate, and

LateToTheParty Division considered high-moder ate.

The lean corporate deployment plan issued by REMAN scripted a highly coercive
deployment strategy. In this document were quotas for the required numbers of
personnel to be trained, the number of improvement events to be conducted, the speed at
which implementation must occur, amount of dollars to be saved, and metrics to be
reported. Adherence to this plan was to be audited by REMAN leadership, with senior
managers at EarlyAdopter and LateToTheParty reprimanded if performance levels were
not achieved. Within EarlyAdopter Division, thiswas a significant threat to building on
the successes of implementation that had been achieved. Initially, EarlyAdopter
leadership was able to shape the corporate implementation and/or ignore guidance,
becoming somewhat rebellious. Astime went on, this became more difficult to do and
they became more heavily influenced by the coercive corporate deployment plan. Within
LateToTheParty Division, the corporate deployment plan was endorsed as a document to
be carried out with verbatim compliance. LateToTheParty had not experienced any
significant learning internally during their brief Entrepreneurial Stage. As such, they
appreciated the detailed guidance offered during the Collectivity Stage. At
LateToTheParty, the coercive corporate deployment plan (with its guidance, directives,
and assessments) was fully endorsed. Little internal assessment or filter of directives

occurred at LateToTheParty, and to a lesser degree EarlyAdopter. Lean deployment
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quickly became a*box to be checked off,” and the only “burning platform” was to

appease corporate mandates to increase pace of deployment.

Formalization Stage of Deployment at REMAN - Enabling and Coercive:

The Formalization Stage of deployment within REMAN was dominated by pressures
from corporate leadership to reduce costs as a result of improvement initiatives. In order
to answer these pressures and develop more standard improvement initiatives, the
concept of “deploying best practices” became therally cry for lean deployment within
REMAN. Thiswas also abit of areversal to the corporate deployment plan introduced
during the Collectivity Stage of deployment. In Stage II, REMAN leadership provided
guidance on the desired mechanics of lean deployment. In Stage l11, division leadership
provided guidance as to the specific topics and high-profile initiatives to be undertaken

within both EarlyAdopter and LateToTheParty Divisions.

In considering the degree of enabling characteristics observed in the Formalization Stage
of lean deployment, EarlyAdopter Division would be considered moderate, and

LateToTheParty Division considered low.

Within EarlyAdopter Division, asmall but powerful bureaucracy was created to oversee
deployment and replication of successful improvement initiatives and various “ best
practices.” This management board was strongly divided into two groups - those who
wanted to use this mechanism as an enabling tool to create knowledge-sharing

communities of practice and improved communication, and those who desired to
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consolidate power and control along afunctional segment of the business. The extreme
dichotomy of perspectives was fascinating to observe, with “lean purists’ endorsing
(enabling) knowledge-sharing and “traditional managers’ seeking the (coercive) control
of transformation. The result of this effort in EarlyAdopter Division was a blend of
enabling and coercive, dependent upon which personalities impacted that element of the
business. Where knowledge sharing networks were created, a powerful tool for cross-
functional teamwork, small business thinking, and enabling lean deployment was created.
An additional characteristic of enabling lean deployment was the way in which
EarlyAdopter Division resisted the influence of the REMAN corporate guidance;
EarlyAdopter Division had created a small, but effective barrier between the Division and
corporate influences. Within LateToTheParty Division, there were very few
characteristics of enabling deployment. Lean had largely become an end unto itself, with

the objective to hit the metrics and achieve audit scores.

In considering the degree of coercive characteristics observed in the Formalization Stage
of lean deployment, EarlyAdopter Division would be considered high, and

LateToTheParty Division considered high as well.

As previously mentioned, a struggle took place within EarlyAdopter Division asto
whether the deployment of best practices would take place in an enabling or coercive
manner. Inthe end, those desiring a coercive power grab under the guise of lean
deployment gained greater support. However, for the most part, these efforts at

standardization and consistent deployment of initiatives across the Division received
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tremendous resistance and were implemented inconsistently across the organization.

L ean deployment had become a source of significant power for these managers to
manipul ate the “system” and achieve their desired outcomes in the name of corporate
improvement initiatives. Now that lean deployment had achieved significant political
capital, original leaders of the deployment were now being pushed out of the power
center and replaced with more significant power brokers within the organization who
deviantly interpreted corporate guidance to achieve desired outcomes. In thisinstance,
the power brokers had little knowledge and/or interest in enabling lean deployment, but
saw this as atool to achieve organizational change they had previously desired. Within
LateToTheParty Division, senior managers had similarly attempted to push for
widespread deployment of successful initiatives. However, the deployment techniques
within LateToTheParty remained very immature, and they were unable to successfully
deploy complex initiatives across organizations. The central management and oversight
within LateToTheParty was not strong and did not have a major impact on transforming
operations. At this point, LateToTheParty Division also realized the coercive nature of
the corporate lean deployment plan and pushed back on quotas for the deployment pace

and corporate oversight.

Understanding the Different Outcomesin EarlyAdopter and LateToTheParty Division:
The divergence in outcomes between the EarlyAdopter and LateToTheParty Divisions
offers some interesting insights into enterprise transformation through lean deployment.
The two divisions operated in similar environments, with similar size, infrastructure, and

missions. The most distinctive difference regarding this case study isthat EarlyAdopter
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Division had athree-year Entrepreneurial Stage of deployment, while LateToTheParty
had only one. The key element of the Entrepreneuria Stage is there was little external
pressure and/or expectations of deployment. As such, a healthy period of natural growth
and evolution of learning could occur. Thistook place during the three-year period at
EarlyAdopter Division when they developed internal expertise on deployment of lean

production.

Within LateToTheParty Division, the learning cycle was cut short by external influences.
Not only did pressure exist to catch up with EarlyAdopter Division, but guidance from
REMAN leadership followed shortly after transformation effortswereinitiated. Asa
result, LateToTheParty was an organization in which few individuals had any knowledge
of lean deployment beyond what was presented / mandated to them by corporate

leadership.

As previoudly identified, the primary objectiveisto “learn lean production” during the
Entrepreneurial Stage of deployment. Asaresult of external influences, LateToTheParty
Division was forced to mature beyond the Entrepreneurial Stage without effectively
achieving this primary objective. Consequently, LateToTheParty Division lacked
internal knowledge and expertise to discern the intent of corporate direction and was
easily influence by external coercive influences. This can be seen as enabling
characterization of deployment rapidly went from high-moderate in the Entrepreneurial
Stage to low in both the Collectivity and Formalization stages. A similar reversa

occurred in the coercive characterization of deployment. Meanwhile, EarlyAdopter
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Division was able to maintain enabling characterization levels of high-moderate and
moder ate during advanced deployment. EarlyAdopter Division had clearly achieved
enough internal lean expertise to counter the coercive external influences of the greater

organization, while LateToTheParty Division had not.

Understanding the I nfluences on Enabling and Coercive Bureaucracy at REMAN:
Significant emphasis has been placed upon external influences to the lean deployment,
and the coercive influence they have on the transformation process. Two major sets of
external influences occurred in the lifecycle of lean transformation at REMAN:

0 Thefirst set of external influences was corporate pressure to create an enterprise-
wide transformation effort, which resulted in the creation of the REMAN Lean
Deployment Task Force. Thisfirst set of external influences had the effect of
transitioning lean deployment at the EarlyAdopter and LateToTheParty Divisions
from the Entrepreneurial to Collectivity Stages of deployment.

0 Thesecond set of external influences was corporate pressure to produce tangible
and significant cost reductions, which resulted in division leadership becoming
aggressive in prescribing corporate initiatives to be undertaken. This second set
of external influences had the effect of transitioning lean deployment at
EarlyAdopter Division and LateToTheParty Division from the Collectivity to

Formalization Stages of deployment.

Figures 4.20 and 4.21 illustrate the impact these external influences had on the degree of

enabling and coercive elements through the stages of the deployment lifecycle. Ascan
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be seen each of these external influences had a significantly coercive impact on
deployment within the organization. It isbelieved these coercive influences are largely a
function of the overall management culture at REMAN, which would be characterized as

acoercive bureaucracy according to Adler (1996).

Degree of Enabling Deployment Characteristics
I
—— EarlyAdopter Division

=— LateToTheParty Division

Jg————
- S~

- ~
i - L N
High - Moderate # Pressure to produce tangibl®
,, costreductions [\
- Division guidance on topics ,'
Moderate «for Lean Deployment V.
~ 7’
........ :.:..7;_.,___ e e==" -
Low - Moderate e ) N
» * Pressure to establish a
/ transformation program \
V' «Corporate guidance on
A for Lean Deploymenj,’
Low  brocess fo ploymenj,
~ '
~ ~o - - - ”
Entrepreneurial Collectivity Formalization
Stage Stage Stage
Goal of Lean Program: Goal of Lean Program: Goal of Lean Program:
Learn Lean Production, Growth, develop Internal stability,
test the waters strategic plan for “seeding” of entire

deployment organization

Figure 4.20 Degree of Enabling Deployment Char acteristics
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Degree of Coercive Deployment Characteristics
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Figure 4.21 Degree of Coer cive Deployment Char acteristics

Understanding Lean Deployment at REMAN as a Success or Failure:
The case study of REMAN illustrates the way in which an organization sets out to
transform the organization, but ultimately does not achieve their desired outcome of
positive transformation. The challenge in developing a lean bureaucracy liesin
optimizing the positive influences and overcoming the negative ones. For some
organizations the objective of culture change and establishment of alearning organization
may not be the objective for lean deployment. In some instances, the objective may
simply be to reduce expenses at al costs. Many organizations do operate in this way, but
the long-term implications of this short-term thinking are likely harmful to the success

and longevity of an organization. Intermsof REMAN, the objective was not cost
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reduction at any consequence. In many large bureaucracies this occurs regularly, and is
known as a“budget wedge.” REMAN had been through many of these arbitrary cost
reductions in the past, but management was largely attracted to lean deployment because

they felt it offered an aternative to their past behavior and resultant negative implications.

Therefore, if the objective for lean deployment at REMAN was to create alean learning
organization, how and why did they go astray? Was the failure in planning or execution?
Was the failure aresult of internal or external influences? Was the failure aresult of the
intended, or unintended, outcomes? The simple answer to all these questionsis, yes.
REMAN is alarge and complex enterprise-wide bureaucracy, with strong tendencies
towards coercive management behavior. The lean deployment began with excellent
intentions, which were largely observed at EarlyAdopter in the Entrepreneurial Stage of
deployment. But, when the program was put under pressure to perform and new decision
makers and influencers were introduced to the deployment, the intent of |ean deployment
passed through the organizational filter, as described by Merton. As the organization
sometimes distorted the intended outcome of |ean deployment, the unintended outcome

of anegative lean bureaucracy was achieved, see Figure 4.22.
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Figure 4.22 Intended and Unintended Consequences of L ean Deployment : Path to

Coer cive Bureaucracy

In considering the specific case study of lean deployment at REMAN, numerous

elements of the organizational filter lead to the breakdown of intended outcomes. These

of course, could cause deployment to shift from the intended outcome of alean

bureaucracy to the unintended outcome of a coercive bureaucracy. Among these reasons

are the following:

0 Pressureto Create Immediate Results. As observed in analysis of EarlyAdopter

Division and LateToTheParty Division, the most significant shift towards

coercive behavior came when external pressures were applied. These external

pressures came in the form of a need to rapidly create a corporate transformation
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initiative and the need to deliver immediate results. When senior management
was put under these pressures they responded with coercive organization norms of
behavior. Because of this, coercive behavioral characteristics of command-and-
control were rapidly infused into the lean deployment.

Poor Planning and Execution: To some degree, lean transformation within
REMAN, but particularly LateToTheParty Division, failed due to alack of
technical expertise and knowledge about successful lean deployment. In some
instances, improvement initiatives were poorly selected, poorly prepared for, or
poorly executed. These are all basic skills which that must be learned by an
organization over time.

Confusion and Breakdown in Communication: The message of empowerment,
teamwork, and rapid improvement is not part of the underlying culture or DNA of
REMAN, a command-and-control bureaucracy. Asthe message gets further
dispersed throughout the organization, it undoubtedly gets twisted and

mani pul ated, leading to possible confusion and inappropriate action.
Organizational Palitics and Power Play: Power and politics are alive and well in
any organizational transformation or shakeup where there are likely “winners’
and “losers.” (Roskies, Liker, Roitman, 1988). Asobserved in the case study of
REMAN, many senior managers did not wish to engage in the lean deployment
effort until it became clear it would endure. Similarly, once it was identified that
powerful political energy did exist for lean transformation, many opportunistic
individual s sought to use this energy to achieve their desired outcomes, regardless

of whether or not their idea of transformation aligned to the lean deployment.
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0 Vested Interests and Orientation to Change: As previously mentioned, in any
significant organizational transformation there will be “winners’ and “losers,”
suggesting alarge percentage of the population may be deeply committed to
maintaining the status quo. As observed at REMAN, some employees, often low-
level managers, may intentionally undermine the message and intent of
developing alean bureaucracy, so they can protect the position they have
achieved in the organization.

o Creativity: Perhaps the greatest challenge associated with creating a positive lean
bureaucracy isthat of continually endorsing empowerment and creativity, while
maintaining some aspect of control over the extended deployment effort. Itis
believed thisis the reason “ culture change” is emphasized in much of the lean
transformation literature (Liker, 2007). If the organization cultureis pulling the
deployment towards coercive ends, as was seen in the REMAN case study, the

initiative will become coercive.

As aresult of these issues, the deployment that began with very positive intentions
became largely coercive, resulting in REMAN'’ s failure to achieve the desired lean

learning organization.

CONCLUSIONS
The phenomenon of |ean bureaucracy; in which an organization desires to become an
efficient learning organization and can achieve this outcome through enabling lean

deployment; yet many organizations create a coercive deployment and simply feed the
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bureaucracy they are trying to transform with added layers of departments, procedures,
rules, and regulations. This chapter has sought to better understand this phenomenon by
defining alean bureaucracy; encompassing ideal concepts of organization from multiple
social science thinkers; developing a concept of atransformation life cycle, much like the
growth and evolution of a bureaucracy itself; and defining the enabling and coercive
manner in which that transformation may occur in an organization. All of this, along
with the case study of lean transformation at REMAN has highlighted the dynamics of

organizational change and lean transformation.

The case study of lean deployment at REMAN (its growth, evolution, and ultimate
decline) is not unigue. Many organizations undergo similar challenges and opportunities.
As seen in these examples, many coercive forces exist that challenge the desired enabling
lean deployment. A list of barriers and enablers to lean transformation are identified and
discussed below with respect to enabling/coercive deployment. Also includedisa
framework for relating: positive lean bureaucracy, coercive bureaucracy, organic lean

deployment, and cost reduction programs.

Barriersto Lean Transformation — Discussion from Enabling/Coer cive Per spective:
The following eight characteristics have been observed in the case study of REMAN and
other organizations as barriers to successfully developing a positive lean bureaucracy.
Each characteristic isidentified for the ways it may impact alean deployment and make

it more coercive.
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0 Doing what comes naturally: To employeesin many large and complex
organizations, the notion of management by command and control issimply a
way of life. From an employee’s perspective, if the new “lean program” isrolled
out in acoercive manner, it seems like business as usual. They will comply and
do what is necessary to check the box that they have *“done lean” and go about
their business the way they always have. From a manager’ s perspective, thereisa
tendency to deploy lean production using the same management tools as any other
program. This creates a particular challenge, especially since a magjor element of
successful lean deployment is an enabling and empowering culture, a required
shift for most organizations that ultimately require a break from what comes
naturally.

0 “Waitfor me-1"myour leader” : Many managers, particularly those coming
from strong command-and-control organizations, may feel it is a show of
weakness among their peers or others to enable employees to make key decisions.
Likewise, some employees might question a manager’ s authority. These
managers may feel threatened by this and question whether empowering
employees makes them replaceabl e to the organization. The essence of lean isto
distribute leadership broadly to encourage learning and continuous improvement.
This requires managers to become teachers, an uncomfortable role for somein a
coercive bureaucracy.

o Feeding the bigger fish: There are institutional characteristics of alean
deployment by which senior management will want to both review progressin

continuous improvement and promote successes to superiors. However, asalean
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deployment matures, and potentially more levels of a hierarchy become engaged,
atendency will exist for metrics to become more coercive in nature (i.e. “bean
counting”). Furthermore, metrics may less directly enable transformation within
the organization.

Supporting the masses: As previoudly discussed, perhaps the single greatest
challenge to effective enterprise-wide lean transformation is the delicate balance
between employee empowerment and “management” of deployment. Itis
important for consistency in message and methodology of a corporate deployment,
but this can become exponentially more difficult as an organization gets larger
and more complex. Lean deployment across an enterprise will ultimately require
crossing significant organizational, and possibly geographic, boundaries. The
broader the deployment, the greater the opportunity for coercive forces to
undermine deployment. The minds and hearts of individuals within each
subgroup of the organization must be won over to the culture change of an
enabling organization. It isfor the specific reason of maintaining consistency in
“managing” aprogram that Max Weber (1990) considered bureaucracy so
powerful. Y et, despite the best intentions, the enabling aspect of lean deployment
may become blurred as the “lean message” and deployment spread throughout an
organization.

Power grab: Aswas seen in the case study of lean deployment at REMAN, some
managers may not desire to empower employees, or even implement lean, but
they will embrace the deployment and organizational energy it creates as a means

to achieve their own ends for organizational change. Thisisaparticular challenge
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since these managers are likely to use traditionally coercive management
techniques in championing their efforts. As employees observe managers making
apower grab under the guise of “lean deployment,” the credibility and purpose of
the overall deployment will be questioned.

Ignoreit, and it will go away: Some managers and employees will intentionally
create a coercive environment for lean deployment, simply because they do not
believein it or do not desire to be bothered with a perceived “program of the
month.” This behavior will create a particularly coercive environment for
deployment, an environment that may undermine long-term success of the effort.
Common to all, useful to none: As observed in many organizations, a
traditionally coercive deployment strategy for any initiative may involve
developing a highly structured and rigid strategy for widespread dissemination of
tools and techniques. In some instances, as organizations seek to develop a
“system” of deployment, they may create a strategy that becomes so vague,
general, and watered down to the point it provides little value to anyone. As seen
previoudly, this belief in astandard strategy may undermine implementation as
managers and employees place too much emphasis and faith in “the system,” and
fail to recognize shortcomings or seek out more appropriate deployment
techniques.

Justifying a management position when technically ignorant of lean deployment:
In some cases, the lean deployment manager may not be technically
knowledgeable of lean and disinterested in learning. Thisindividual must be a

champion, spokesman, and teacher for the intent of deployment. If thisindividual
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cannot empower employees in an enabling way through lean deployment, they
may revert to long-learned technigques of command-and-control by developing an

elaborate bureaucratic management structure for lean deployment.

Enablersto Lean Transformation — Discussion from Enabling/Coer cive Perspective:
The following list of seven characteristics has been observed in the case study of
REMAN and other organizations as enablers to successfully developing a positive lean
bureaucracy. To some degree, each of these characteristics could be true of any
management-led initiative, but they are particularly important in developing a positive
lean bureaucracy. Eachisdiscussed for the way it causes alean deployment to become
more enabling.

e “Howcanl help?’: Servant-leadership isakey to developing an enabling lean
deployment (Liker, 2008). Many leaders exhibit a common hubris of management
that when they put on the “ management hat” they become more important and
knowledgeable of an organization. From the perspective of creating an enabling lean
deployment, the most important characteristic of management is the ability to remove
roadblocks to successful transformation.

e Technical expertise leading the lean deployment: Lean deployment, as well as any
other significant transformation with an organization, is by definition a new way of
working and behaving. Leadership for this effort must therefore possess a technical
skill-set that is not simply aligned to “business as usual.” Management should be
able to instruct all levels of the organization on the new way of doing business.

Leadership of the lean deployment must represent the thought leadership within the
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organization if alean bureaucracy isto be achieved. Management must constantly be
teaching and coaching in order to avoid an organization reverting to traditionally
coercive tendencies of bureaucratic command-and-control in deployment.

Senior Leadership engagement: Many senior leaders have shown a propensity to
“delegate” organizational transformation with weekly or monthly reports from their
deployment leadership. The distinction between senior leadership support (“1 support
what you are doing”) and senior leadership engagement (“1 am going to commit my
personal time and energy”) cannot be understated for the key roleit playsin creating
a successful transformation and a positive lean bureaucracy. The adage of needing to
“walk the talk” by senior management is critical to a successful enabling lean
deployment.

Support for middle management: Organizational transformation will typically place
tremendous pressure on middle management to maintain execution and performance,
while promoting transformation and change at the same time; al while obtaining
information second or third hand regarding the details of deployment. Itiscritical to
support middle managersin this challenging period of transformation so they can
ultimately support changes and enabling lean deployment may prosper.

“What gets measured, gets done” : The adage of “what gets measured, gets done”
holds true in considering organizational transformation. Many employees may not
understand the overall intent of lean deployment, but they will be able to understand
the metrics used by superiors to assess performance. Building the right metrics asan
enabler to building the right behaviorsis critical for developing an enabling lean

deployment in support of leading implementers. Thisisa particular challengein
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building an enabling lean deployment, since many of the easiest and most common
metrics to be gathered are some form of “busy-ness’ metrics. These metrics are
valuable to senior management so that they understand the activity going on within
their organization. However, they are typically coercive from the perspective of
front-line implementation. A key to developing an enabling lean deployment isto
develop a metrics dash board that can support the needs of both senior management
and enable the front-line implementer. 1n the case of enabling organizations, metrics,
metrics goals, and methodologies for achieving those goals are negotiated and agreed
upon at each level of the organization. (Liker, 2008)

Saying Power: Perhaps a circular argument, but lean deployment must be enabling
to become truly transformational; and it must be truly transformational to be sustained
asalong-term shift in culture. Therefore, it must be enabling in order to have staying
power. Ascan be seen in the case study of REMAN, many coercive organizational
influences will exist in deployment, including existing organizational inertiaand
would-be opportunists who align to the transformation program in order to achieve
their desired transformational outcomes.

Unite the masses: In order to achieve long-lasting success with an enabling lean
deployment, arequirement isto win over the hearts and minds of a mgority of
employees. An element of thisisto enable, empower, and engage front-line workers,
not simply technical experts, in the lean deployment. When transformation energies
are expended only by a small team of managers or expert change-agents, this may be
perceived as a coercive effort by someone elseto “improve” an activity of which they

have little to no understanding.
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Typology of Lean Deployment:

Evolution of Lean Deployment

This chapter has largely focused on distinctions between early-stage and advanced
lean deployment, as well as enabling and coercive deployment, all within the context
of alarge, complex, and mature bureaucracy. A typology of transformation
initiativesis created utilizing the dimensions of “change typology,” as enabling or
coercive, and the point of maturation, nascent or mature. Figure 4.23 illustrates this

model, which will be discussed further.
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Figure 4.23 Typology of L ean Deployment
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Organic Lean Deployment: A lean deployment that isin the early stagesand is
enabling would resemble an organic deployment (as introduced in chapter three of
this dissertation). Organic lean deployment is recognized for its evolutionary learning
over time and “spiral deployment” asinitiatives grow from model areas to impact

larger elements of the organization.

Cost Reduction Program: A lean deployment that isin the early stagesand is
coercive in nature would resemble atraditional cost reduction program. Ina
traditional cost reduction program, the methodology for improvement is seemingly

inconsequential as compared to the outcome of cost reduction.

Transformation to a Lean Bureaucracy: A lean deployment that is mature in the
Formalization Stage or beyond, and is characterized as enabling would represent the
ideal of developing a positive lean bureaucracy. This deployment, which would
effectively impact alarge population of the organization in an empowering and
enabling way, would suggest that the organization is well on its way to becoming an

Elaboration Stage (Stage V), post-bureaucratic organization.

Mechanistic Lean Deployment: A lean deployment that is mature, yet characterized as

coercive in nature, is similar to the deployment observed in the case study of

REMAN. This deployment would be considered mechanistic in nature. While it
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would impact a large segment of the organization it would ultimately lead to the

development of a coercive bureaucracy.

ACADEMIC CONTRIBUTIONS
This chapter has sought to shed understanding to the phenomenon by which large and
complex bureaucracies are transformed (or not) through deployment of Iean production,
and the impact an enabling or coercive deployment of improvement initiatives can have
on the overall success of transformation. Asaresult of this study, several key
contributions have been made to the academic literature in the areas of bureaucracy
theory, organizational change, and lean manufacturing. The following contributions to

academic literature in these areas have been made:

Aligned organization design models of Greiner (Elaboration Stage Bureaucracy,
1972), Adler (Enabling Bureaucracy, 1996), Spear & Bowen (“DNA” of Toyota,
1999), and Senge (L earning Organization, 1990) to relate the close similaritiesin
their description of the “ultimate form” of organization.

e Adapted an organization life cycle model to develop a detailed four-stage
normative life cycle model of lean transformation within an organization.

e Adapted organizational design concepts of enabling and coercive bureaucracy to
develop adynamic model for the intended and unintended outcomes of
organizational transformation.

e Developed atypology of organization transformation aligned to continuous

improvement methods. This framework utilizes key dimensions of “change

273



typology” (enabling/coercive) and “evolution of lean deployment” (early

stages/mature).

FUTURE RESEARCH
In chapter three of this dissertation we examined how deployment occurs within asingle
organization. In this paper we examine how deployment occursin alarge and extended
bureaucracy. Future research should focus on the uniqueness of Toyotaasalean
bureaucracy; examining the historical mechanics by which their internal culture was
established, and examine the impact rapid growth in North America has had on the lean
bureaucracy within the organization. A particularly fascinating study of this could occur
by examining Toyota as they set up afactory for initial production, such as their new
assembly plant in Mississippi. Additionally, further case studies beyond REMAN of
smaller, less-bureaucratic organizations that have made the transformation to a positive
lean bureaucracy would make a significant contribution to the literature on organizational

transformation.
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CHAPTER 5

CONCLUSIONSAND FUTURE RESEARCH

The primary objective of this has been to better understand the opportunities, challenges,
and methodol ogies by which lean production tools and techniques can be successfully
applied in the remanufacturing context. This question has been examined from a socio-
technical perspective at three distinct units of analysis. Summarized below are the
research objectives and key findings for each study at the single process, single facility,

and extended enterprise levels.

LEAN REMANUFACTURING: ADAPTING LEAN TOOLSAND TECHNIQUES
TO THE REMANUFACTURING CONTEXT

Unit of Analysis. Lean remanufacturing within asingle process, shop floor level.

Research Objective: The objective of this research study was to de-mystify the question

of if, and how, it is appropriate to apply concepts such alean manufacturing in the
remanufacturing context. This study sought to better understand the appropriate technical
design of lean manufacturing tools and techniques in the remanufacturing context.

Key Research Findings:

e Theremanufacturing context is very broad and diverse: It isimportant to shift the

discussion of lean remanufacture away from one that simply compares OEM and
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remanufacture; thisis an oversimplification of the issue and can lead to misleading
generalizations and stereotypes.

Lean methods do apply in all instances of remanufacturing, but the specific solutions
must be tailored to the specific context according to characteristics of product
variability: In the case of high-variability lean remanufacturing: the buffers will be
bigger, parts supermarkets will get broader, engineers will be more integrally
involved, fixtures will be less specialized, and cross functional teams will support
each other to address variability in production processes. In the case of low-
variability lean remanufacturing, the process may closely resemble OEM operations:
technical instructions will be smplified, one-piece flow will occur, materials and
tools will be kitted to precision, andon signals will be responded to immediately,
specialized fixtures will improve quality and reduce setups, and multi-skilled workers

will continuously improve processes to achieve takt time.

Lean manufacturing techniques work effectively to create improved performancein
the remanufacturing context: In each case study significant performance
improvements were recognized through application of lean methods. Thisis not to
suggest all attempted implementations will be successful, but that successis not

technically prohibited.

Lean isarguably a different “ production paradigm” than CIM and advanced mass

production: Lean, CIM, and advanced mass production have been shown to be so
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divergent in application, it is believed they must be considered as different production
paradigms, and possibly even divergent production paradigms.

Mass production and CIM take a mechanistic view, while lean takes an organic view:
A close examination of the structural characteristics of lean, CIM, and advanced mass
production suggests a mechanistic application of technology in CIM and advanced

mass production, while lean is more organically driven by production employees.

Lean actually moves a production process within the PPM space; mainly along the
process axis, allowing flexibility and efficiency simultaneously: The implementation
of lean methods has been shown to effectively move a production process within the
PPM space. Specifically, in each case examined, the application of lean methods

effectively moved the processin the direction of continuous flow.

Lean manufacturing effectively challenges the concepts of a production trade-off
between quality and cost; volume and variety; efficiency and customization: the PPM
is grounded in economies of scale production paradigm, suggesting a required
tradeoff exists between quality/customization and output/efficiency. However, in
examining the PPM, lean methods have been shown to effectively offer a new set of
efficient production options, such that a tradeoff is not required between the key

variables.

A tremendous growth opportunity exists to apply lean production methods to the

generally immature remanufacturing industry: Remanufacturing has been considered
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as “the next great opportunity for boosting U.S. productivity” and “the ultimate form
of recycling.” This paper has shown the potential for lean production methods to play
asignificant role in thisimportant environmental and economic opportunity to come

to fruition.

COMPARATIVE CASESOF LEAN MANUFACTURING DEPLOYMENT:
ORGANIC VERSUSMECHANISTIC APPROACHES

Unit of Analysis: Lean remanufacturing within a single facility/factory.

Research Objective: The objective of this research study was to answer the fundamental

guestion of how to begin alean remanufacturing deployment, and to better understand the

methodology and mechanisms by which lean remanufacturing is appropriately deployed.

Key Research Findings:

Need for Balance Between Organic and Mechanistic Deployment: An organic
approach isrequired for deep understanding and organizational learning, but it failsif
it is not supported by appropriate infrastructure. A mechanistic approach will enable
widespread awareness and implementation, yet it must be augmented with deeper

change at the technical and cultural level and organizational learning.

Existence of Equifinality: Ultimately, thereisno “one best way” to deploy Lean

Manufacturing, but it is advisable that along-term balance between organic and

mechanistic strategiesis required for continued successes to occur.
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Begin with Organic Deployment: An organic approach is more appropriate when
uncertainty exists regarding the deployment, specifically questions about the
objective, longevity, benefits, scope, timeline, etc. Asthe deployment beginsto take
hold within an organization, and the idea of “Lean Deployment” is better understood
and embraced, uncertainty regarding the deployment is reduced and the infrastructure

of amore mechanistic approach can begin to take hold.

Technical and cultural change go hand-in-hand: Technical changes have been
shown to lead to social changes. Socia changes in turn enable greater technical
changes. Therefore, deployment strategies that limit engagement to only social or
technical changes are shortsighted and do not appreciate the interconnectedness of the

two.

Exponential benefits with depth of deployment: As the organization progresses to
advanced socia and technical tools of lean, including flow of value,
flexible/interconnected processes, WIP reduction, and a team construct, the benefits

are more significant than ininitial tool implementation like 5S and brainstorming.

No wasted failures, only failuresto learn: This adage, attributed to a senior leader
within Toyota, is relevant when one looks at the evolution in both the organic and
mechanistic approaches. An organic approach is certainly more dynamic and
evolutionary, but with mechanistic deployment of tools thereis still the opportunity

for considerable learning about how to use the tools and their limitations.
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e Thereisno crystal ball in deployment: Inlarge, complex organizationsit is hard to
predict the long-term future for lean implementation, adoption, and learning.
Successful Lean implementation requires an organization to challenge their history of
norms, procedures, and ways of doing things. Whileit issimpleto talk about an
organization evolving, it is much more complex to talk about each organization as a
large number of individuals who must similarly let go of their own history of norms,
procedures, and successes. One particular element of thisisthat in alarge complex
organization, positive energy may be effectively created for lean manufacturing
deployment, yet, if the message is not closely preserved the energy and enthusiasm
behind the message may be high jacked by a manager looking to advance his’her own
ideals. Successful lean deployment requires significant focus and energy for an

extended period of time. Success and failure cannot be easily predicted.

DEVELOPING A LEAN BUREAUCRACY: ENABLING VERSUS COERCIVE
TRANSFORMATION FROM AN ORGANIZATIONAL LIFECYCLE
PERSPECTIVE

Unit of Analysis: Lean remanufacturing within a complex extended enterprise.

Research Objective: The objective of this research study was to better understand the

ways in which alarge and complex bureaucracy is transformed (or not) through
deployment of lean production, and the impact an enabling or coercive deployment of
improvement initiatives can have on the overall success of transformation.

Key Research Findings:
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There are many influences within alarge bureaucracy which will pull alean deployment

towards coercive characteristics of controlling, yet, some positive influences that can

serve to overcome this negative pull are:

“How can | help? Servant-leadership is akey to developing an enabling lean
deployment (Liker, 2008). From the perspective of creating an enabling lean
deployment, the most important characteristic of management is the ability to remove

roadblocks to successful transformation.

Technical expertise leading the lean deployment: Leadership for alean deployment
must possess a technical-skill set that is not smply aligned to “business as usual.”
Leadership of the lean deployment must represent the thought leadership within the
organization. It must constantly be teaching and coaching in order to avoid an
organization reverting to traditionally coercive tendencies of bureaucratic command-

and-control in deployment.

Senior |eadership engagement: The distinction between senior leadership support (“I
support what you are doing”) and senior leadership engagement (“1 am going to
commit my personal time and energy”) cannot be understated for the key role it plays
in creating a successful transformation and a positive lean bureaucracy. The adage of
needing to “walk the talk” by senior management is critical to a successful enabling

lean deployment.
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Thawing the “ Ice Cream Sandwich”:  Senior management and front-line employees,
who are typically supportive of deployment, are the “ soft, warm, and chewy
chocolate part”; middle management isthe “frozen middle.” Organizational
transformation will place tremendous pressure on middle management to maintain
execution and performance, while promoting transformation and change at the same
time; all while obtaining information second or third hand regarding the details of
deployment. Itiscritical that first-line level of management support changes so that

enabling lean deployment may prosper.

“What gets measured, gets done” : Many employees may not understand the overall
intent of lean deployment, but they will be able to understand the metrics used by

superiors to assess performance. Building the right metrics as an enabler to building
the right behaviorsis critical for developing an enabling lean deployment in support

of leading implementers.

Saying power: Perhapsitisacircular argument, but lean deployment must be
enabling to become truly transformational; and it must be truly transformational to be
sustained as a long-term shift in culture. Therefore, it must be enabling in order to
have staying power. Many coercive organizational influences will exist in
deployment, including existing organizational inertia and would-be opportunists who
align to the transformation program in order to achieve their desired transformational

outcomes.
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Need to unite the masses: In order to achieve long-lasting success with an enabling
lean deployment, there is a requirement to win the hearts and minds of a majority of
employees. An element of thisis to enable, empower, and engage front-line workers,
not simply technical experts, in the lean deployment. When transformation energies
are expended only by a small team of managers or expert change-agents, this may be
perceived as a coercive effort by someone elseto “improve” an activity of which they

have little to no understanding.

FUTURE RESEARCH

This dissertation has examined |ean manufacturing applications in the remanufacturing

industry. Aspects of this research have served to advance our theoretical understanding

of lean production methodologies and challenges in deployment, while other aspects have

served to advance our more practical knowledge of lean methods as they apply in the

remanufacturing context. Future research to build upon this study would include:

Additional study into interesting and unique contexts for lean production methods:
The remanufacturing context is avery unique and colorful context for application of
lean methods, but still more unique applications exist. Three particular contexts of
interest are the application of lean methods in the health care industry; research and
design environments; and lean methods as applied in daily living, to highlight popular

methods of eliminating wasted resourcesin daily life.
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Additional study of design for life cycle maintenance and methodol ogies to project
life cycle costsin design: Many long-term decisions for lifecycle maintenance and
cost are made very early in product design. The implications of design for life cycle
maintenance as well asthe life cycle cost implications of integrated and modular
product architecture should be examined; as well as the financial and technical

implications to closed-loop manufacturing/maintenance/disposal life cycle models.

Comparison in the application of lean methods in the manufacture and
remanufacture of common components. This research has highlighted the application
of lean methods to the remanufacturing of various components. At the same time,
OEM’sfor those same products are likely making great strides through application of
lean methods. It is believed a significant contribution of future research would be a
comparative study of lean methods as applied in manufacture and remanufacture of

the same product.
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