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Foreword

In the outpouring of writings on lean production, the single work that tells it all and tells it well is
this book by John Nicholas. It’s fully stocked with excellent graphs, tables, photos, and mini-case
examples, and with end-of-chapter questions for use as a classroom textbook.

This second edition retains and enhances the core material that made up the 16 chapters of
the previous edition, plus the addition of three new chapters. Chapter 13 on the 3P Methodology
joins eight prior chapters in Part II, key elements of lean production. The new Part IV, Lean
Management System, tops off the book with Chapter 18 on daily lean management and Chapter
19 on strategy deployment in the cause of lean.

In Chapter 1, Race without a Finish Line, Nicholas presents lean as a force for competitive-
ness—a point of view often missing in lean lore. The chapter includes a review of lean’s evolution,
including its vibrant 1980s era under the just-in-time (JIT) banner.

Following that is Part I, Continuous Improvement, Waste Elimination, Customer Focused
Quality, which sets the stage for subsequent chapters by making it clear that lean is not a one-time
implementation—that it calls for never-ending improvement involving cutting wastes with qual-
ity in the eyes of customers.

Chapter 2 lays out the Fundamentals of Continuous Improvement and includes an expanded
treatment of value stream mapping. I like what Nicholas has done with Chapter 3, Value Added
and Waste Elimination, which, in addressing lean’s commitments to time and quality, also looks
at misunderstandings about the social impacts of lean. Chapter 4, devoted to Customer-Focused
Quality, includes all the TQ basics with special attention to the essential involvement and owner-
ship of quality by the work force.

As to lean itself; while many books and articles have been veering away from core methodolo-
gies, this book does not. The nine chapters in Part II, Elements of Lean Production, bore in on
lean’s essentials. Here are some highlights:

B Chapter 5, small lots: this chapter introduces the ideal batch size of 1—one-piece flow.

B Chapter 7, equipment maintenance and improvement: Some operations management text-
books don’t even include this topic—but the lean community places special emphasis on its
importance as pursued under total productive maintenance (TPM).

B Chapter 9, focused factories and group technology: While reviewing the classical forms of facil-
ity layout, this chapter properly answers the question, “On what to focus.”

B Chapter 10, work cells and cellular manufacturing: In lean’s early days (including the pre-lean
JIT era), cellular manufacturing was often upheld as the key trigger for dramatic improve-
ments in lead times. Unlike many other current publications on lean, this chapter convinc-
ingly retains that viewpoint.
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B Chapter 11, standard work: Too often discussions and writings on standard work limit the
topic to work instructions (standard, correct ways of doing tasks and jobs). This chapter is
comprehensive and includes, for example, standard (maximum allowable) quantities of WID.

B Chapter 12, quality-ar-the-source and mistake-proofing: Among topics here is the all-impor-
tant role of mistake-proofing, or in Japanese, pokayoking (my own terminology preference
is fail-safe-ing, which avoids negative connotations).

B Chapter 13, the new one on Production Preparation Process (3P): presents a formalized
approach to what has been called collaborative design and development, simultaneous engi-
neering, early involvement (IBM), and design build (Boeing).

Each of these chapters is presented thoroughly with plentiful examples, but what catches the eye
are special insights.

Part I1I, Lean Production Planning, Control, and Supply Chains, contains four chapters that
treat the traditional operations-management topic of production planning and control (PP&C)—
but from a lean point of view. Besides the nuts and bolts of these topics, Nicholas includes broad-
ened viewpoints. For example, Chapter 14, Uniform Flow and Mixed-Model Scheduling, advises
that, for the sake of practicality and feasibility, leveling the schedule must be a “cooperative effort”
carried out jointly by people from sales, marketing, engineering, production, and finance. Many
excellent examples populate this chapter and keep it lively.

Chapter 15, Synchronizing and Balancing the Process, is a close companion of Chapter 14 and
delves into line balancing under mixed-model production and adjusting to schedule changes. The
chapter’s materials on synchronization—a high-interest issue in lean manufacturing—include
how to match up different kinds of production. Scheduling around bottlenecks is part of the issue,
and here Nicholas presents a set of principles for dealing with it.

Chapter 16, Planning and Control in Pull Production, takes a higher-level system-wide
approach to the subject: centralized versus decentralized; monthly and daily planning; links with
suppliers under kanban vs. MRP (material requirements planning); capacity plans and bills of
materials; stocked shelves vs. point-of-use; and the knotty matter of operating a pull system along-
side with MRP.

Chapter 17, Lean Production in the Supply Chain, is an essential component of the book.
Besides core issues (e.g., supplier partnership, sourcing, supplier certification, orders and con-
tracts), the chapter includes discussion of the Aisin Seiki crisis in which a key Japanese automotive
supplier was nearly put out of business by a fire at the plant.

Part IV presents new materials on the Lean Management System. Chapter 18, Daily
Management, contrasts traditional management behaviors to the very different and much more
effective behaviors under lean. It addresses the challenges of maintaining process stability and
improvement, cultural and leadership aspects of management, and methods for tracking daily
progress and sustaining improvements.

Chapter 19, Strategy Deployment, offers a systematic approach to linking components of the
lean agenda to organizational strategies. The concept calls for blending high-level organizational
goals, policies, and strategies such that the many elements of lean support goals.

To sum up, Lean Production for Competitive Advantage is an adroitly written book that fills
yawning gaps in the lean discipline. Lean practitioners, consultants, teachers, and students will
not find another book so comprehensive, readable, and on target.

Richard J. Schonberger
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Preface

Around 1989, after reading Richard Schonberger’s World-Class Manufacturing: The Lessons of
Simplicity Applied (The Free Press, 1986), Robert Hall’s Zero Inventories (Dow Jones-Irwin, 1983),
and Kiyoshi Suzaki’s 7The New Manufacturing Challenge (The Free Press, 1987), and talking to
former students who had become practitioners and consultants in manufacturing about emerging
developments, I decided to offer a course focused on just in time—]JIT. At the time there were no
textbooks on JIT, just some trade books that covered the topic, so I adopted these for the course.
Trade books tend to skip over the basics and do not include homework questions and problems,
and for this I had to write my own material. Over the years I accumulated more and more of my
own writings, and about the time this material covered half the topics in the course I decided to
write a textbook and put everything in one place.

The first version of this book was published in 1998. Management concepts seem to come and
go with the seasons, but the important ones remain alive even though the terminology changes.
JIT is still alive and thriving, although nowadays it is called lean production and the term JIT is
reserved for narrower, logistical applications of lean. In this book the terms lean production and
JIT mean roughly the same thing and are used interchangeably.

In and around my city, Chicago, there are many businesses and ample opportunities to see
both the best and the worst in manufacturing management. I have been excited and encouraged
in visiting plants and hospitals that have embraced the concepts and methods of lean production,
including continuous improvement and emphasis on waste elimination and customer-focused
quality. Managers and workers in these businesses enthusiastically talk about what they are doing,.
Students in my class often express the same level of enthusiasm, discovering that, yes, lean pro-
duction is cool. Others with manufacturing experience express frustration because of problems in
their workplace and management’s ignorance about lean production concepts and unwillingness
to change. I can relate to that, having seen plants that seem like throwbacks to 70 years ago and
talked to workers with demeaning jobs and managers out of touch with the workforce and cus-
tomers. These businesses represent the antithesis of lean production.

The concepts and principles described in this book have revolutionized manufacturing prac-
tice and business conduct in the same way that Henry Ford’s system of mass manufacturing did
100 years ago. They have done so because, simply, they work—they are ¢ffective. Because they are
effective, the only companies that can compete with companies that have embraced lean principles
are companies that have also embraced them and make products that customers want.

Beyond effectiveness, many find lean production appealing because of the somewhat high level
of responsibility and dignity it attaches to the jobs of workers on the shop floor. I was raised in a
working-class family and always felt that my parents’ abilities exceeded what they could exercise
in the workplace. My dad was one of the smartest and all-around most capable men I have ever
known and I always thought he could build or fix anything requiring mechanical, electrical, or

XXix
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carpentry skills. When I think about teams of workers in lean organizations, I envision people like
my parents as representative of many millions of workers and of the opportunities and fulfillment
that lean-style production can offer them. That is not to say that lean organizations are a kind of
utopia but that, on balance, workers in lean factories have more opportunity to find meaning in
their jobs and gain more respect from management than workers in other factories.

The emphasis in this book is on lean production concepts and tools. As such it focuses on
methods and procedures, although it must be said that in any organization the success of methods
and procedures depends on their acceptance and implementation. Lean production is more than
methods and procedures; it is a management philosophy that emphasizes relationship-building
and trust, and responsibility conferred to frontline workers and suppliers. Thus, successful adop-
tion of lean production requires adopting not only particular methods and procedures but also an
organizational culture that supports those methods and procedures. In lean companies decision-
making responsibility is much more decentralized and its locus is decidedly much lower in the
organizational hierarchy than in non-lean companies. This shift in responsibility follows a make-
over in assumptions at all levels of the organization, from shop floor supervisors to the CEO, about
the roles and responsibilities of frontline workers and suppliers and their involvement in day to day
decision-making. If an organization is not able to successfully adopt the methods and concepts of
lean production it is likely because it is not able to adopt a culture that fully involves its employees
and suppliers.

There is much to learn about lean production. Beyond the basics described in this book you
can learn about new developments and applications in all industries from the pages of trade jour-
nals such as Zarget, the journal of the Association for Manufacturing Excellence.

Einstein said, “I know why there are so many people who love chopping wood. In this activity
one immediately sees the results.” Lean production practices are that way. They represent prag-
matic approaches to chopping away at waste and problems in organizations. In many organiza-
tions you can see results on the shop floor or in the office not too long after putting aspects of
lean production into practice. Improvements on the balance sheet of course happen too, but will
appear a lictle later.

Audience and Use of this Book
Lean Production for Competitive Advantage was written for the following audiences:

1. Students in bachelor of business and MBA programs interested in operations management.

2. Students in industrial and manufacturing engineering.

3. Practicing managers and engineers in operations seeking to better understand lean
production.

4. Anyone—students in any major or managers in any field—interested in improving processes.

For students, the book is intended as a second-level course. Anyone having taken an introduc-
tory course in operations management should have no difficulty with the material.

The book is divided into an introductory chapter and four main parts. Chapter 1 and Part I
provide foundation concepts for everything that follows. Part I covers the core methods of lean
production. Part III covers integrated planning and control in lean production and the supply
chain. Part IV covers management practices. It might be difficult to cover the entire book in a
typical one-term college course, and the instructor must decide on which topics to focus. I believe
that everything in Parts I and II and Chapter 18 should be covered in some depth. Depending
on students’ prior exposure to planning and control, portions of Part III might be skimmed or
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omitted, although I suggest that no chapter be completely skipped. Most of the topics in this book
are interrelated and to gain a full understanding of lean production it is necessary to know about

all of them.

Second Edition

In this second edition I have tried to address the significant matter of management’s role in
lean production. Early observers of Japanese methods focused on the shop floor to see amazing
things unlike anything practiced elsewhere in the world. And the thinking was, if the “methods”
could be adopted by companies elsewhere, those companies would experience the success of the
Japanese. Over the following decades numerous companies attempted to implement these meth-
ods. Some succeeded; most failed. What the early observers hadn’t taken into account—in many
cases weren't even aware of—were dramatic differences in the way companies using those new
methods were managed, both daily and strategically. Fact is those methods—practices now called
lean production—unless directed and supported by management are unlikely to succeed or be
sustained in the long run. In this edition I have addressed the “management side” of lean produc-
tion in two new chapters, one devoted to daily management, the other to strategic management.

This second edition includes many other additions. In lean production continuous improve-
ment happens mostly through sustained incremental improvement, but also through occasional
radical or breakthrough improvement. I have added a new chapter to address breakthrough
improvement and discuss an approach to achieving it called Production Preparation Process.

Every chapter has been revised and expanded to better tell the story of lean production—its
history, applications, practices, and methods. Over the 8 years since the last edition was published
I have continued to learn about lean production from managers who practice lean, scholars who
study it, and teachers and students who adopt and use my books. In this edition I have incorpo-
rated these learnings to the best of my ability.
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Chapter 1

Race without a Finish Line

What we really cannot do is deal with actual, wet water running through a pipe. That
is the central problem we ought to solve some day.
Richard Feynman

Most people have heard of Xerox, the company that invented the paper copier and for a time one of
America’s best-known corporate names and employer of 100,000 people.! Like so many successful
companies, however, it has had its share of struggles—both in maintaining market share and even
staying in business. In the early 1980s, Xerox executives realized that if something radical was not
done, Xerox probably would not survive to the end of the decade. The problem: Japanese compa-
nies were selling copiers for less than it cost Xerox to make them, and they had targeted Xerox to
capture its market and wipe it out altogether. For Xerox, the situation was dire: Its market share
was less than 15%, down precipitously from the more than 90% share it had enjoyed a decade
earlier. But the competition alone was not the cause: There was no quality control to speak of,
overhead and inventory costs were excessive, and there were too many managers. Further, Xerox
had lost touch with its customers and was not giving them the products or service they wanted.
At one time, Xerox had no competitors. Now, it had many, and customers were flocking to them.

Xerox managers and a core group of unconventional corporate thinkers mapped out a strategy
to remake the company. The strategy succeeded. Xerox doubled its production output, reduced its
costs by nearly 50%), reduced its product development cycle time by nearly a year, and dramati-
cally improved the performance of its copiers. By 1990, Xerox had become the producer of the
highest quality office products in the world and had gained back market share from the Japanese.
By 2004, it still retained a dominant share of the high-end color copier market. Xerox accom-
plished this not with government subsidies, trade barriers, or import quotas but rather by adopt-
ing new management approaches that included the tenets of lean production and total quality
management.

Successful recovery is, of course, not the fate of every company that has faced tough competi-
tion from overseas. It took Xerox seven years to reinvent itself, but many companies cannot afford
such time. Every company is vulnerable, and the acronautics industry is a good case in point. Up
through the 1960s, the United States had been the world leader in the commercial aircraft busi-
ness, holding nearly 100% of the free-world share. But in 1969, a consortium of companies from
France, Germany, the United Kingdom, and Spain began to aggressively pursue that market, and

—



2 ® [ean Production for Competitive Advantage

the U.S. share since has steadily declined. The European share is now roughly 50%. This is not an
insignificant fact given that the aeronautics industry is the single biggest manufacturing contribu-
tor to the U.S. balance of trade.

As the number of skilled contenders in a given market increases, so does the intensity of the
competition. Initially, in new and growing markets, many players can survive by absorbing a por-
tion of the growth in market size. In the global economy, the market size is large, but so is the
number of players. Eventually, as market size levels out or as players differentiate themselves by
ability to compete, the more skilled players drive out the less skilled players.

Competitive Advantage: Better, Cheaper, Faster, More Agile

In no small part, what differentiates competitiveness in industrial companies is the way that each
designs and builds products. Paying attention to customers and knowing what they want is a
fundamental beginning. However, given that competing companies all pay attention to what
customers want, the key to competitiveness then becomes production capability. The differentia-
tor between winners and losers is that winners are better able to consistently provide products
and services that are competitive with regard to quality (better), price (cheaper), time (faster), and
response to change (agile).

To this end, companies adopt different manufacturing philosophies, strategies, and methods.
These differences are part of what distinguishes lean companies from traditional companies.?

B Making things better: Traditional manufacturers strive for quality by relying heavily on
computer-aided design (CAD)/computer-aided manufacturing (CAM) to enhance product
design and manufacturability. In contrast, lean firms rely more on group technology and
cellular manufacturing, good condition and proper placement of equipment, smaller manu-
facturing units, and improvement-focused employee teams. Both kinds of manufacturers
rely on statistical process control, defect-reduction programs, and vendor quality programs.

B Making things cheaper: Traditional manufacturers tend to rely on job enlargement programs,
automation, and robotics to reduce direct labor content. In contrast, lean firms seek to
achieve low cost by redesigning and simplifying products and processes, standardizing prod-
ucts, and reducing lead times and cycle times.

B Making things faster: Traditional producers rely on robotics and flexible manufacturing sys-
tems, location of facilities, and improved labor—management relations. Lean companies
emphasize continuous reduction of lead times and setup times, equipment maintenance,
and broadening of workers’ jobs.

B Being more agile: The ability to introduce new products and to respond quickly to changing
customer demands is an area where lean companies enjoy a wide lead over traditional firms.?
Traditional firms seek agility through technology, process flow improvements, quality man-
agement, and cross-functional communication improvements. Lean firms consider agility
an integral part of quality and delivery capability, and a by-product of programs to improve
these areas. Thus, programs aimed at producing things better and faster are also aimed at
achieving manufacturing agility.

Lean producers also take a somewhat different approach to product development. In traditional
firms, product ideas tend to move sequentially through functional areas (from marketing, to
engineering, to production, etc.), whereas in leans firms they percolate in dedicated product
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development teams. The latter allows integration of ideas during the early design stages, takes less
time, and results in a better product at lower cost.

Lean Production and Total Quality Management

Another difference in the competitive strategies of traditional manufacturers versus lean manu-
facturers is that the former seeck improvement at discrete times through capital-intensive means,
such as automation and new technology, whereas the latter seek improvement through small but
continuous refinements in processes and procedures, and investment in human capital. Lean pro-
duction and the randem management philosophy of total quality management (TQM) emphasize
continuous attention to product and process improvements, and involvement of frontline workers
in those improvement efforts.* Briefly:

B Lean production is management that focuses the organization on continuously identifying
and removing sources of waste so that processes are continuously improved. Lean production
is also called just-in-time or JIT.

B TQM is management that focuses the organization on knowing what customers need and
want and on building capabilities to fulfill those needs and wants.

This book is primarily about lean production, but it is also about TQM because the two philoso-
phies are mutually dependent and, in some respects, the same. To paraphrase Schonberger,

Lean is a quality improvement tool because it cuts time delays between process stages so that
the trail of causal evidence to quality problems does not get cluttered and cold. But TQM tools
are needed as well or the rate of quality improvement will not be fast enough. To oversimplify,
lean without TQM will be a quick response to quality problems, but to a dwindling number of
customers. TQM without lean will meet correctly identified customer needs, but using methods
that are costly and wasteful.®

That the philosophies and practices of lean production and TQM overlap is not surprising
since both originated in Japan in the 1950s.° In fact, the distinction between what is lean and what
is TQM is an artifact of the way Westerners chose to adopt Japanese practices. Such a distinction
never existed in Japan.

Lean Production and the Production Pipeline

Think of a company as a pipeline with raw materials entering at one end and products exit-
ing at the other.” The goal is to minimize throughput time, that is, to move materials (or
ideas, or orders) through the pipeline as fast as possible. Shorter throughput time is better
because, assuming price and quality remain constant, the company can respond more quickly
to changes in customer needs. The customer gets the product sooner; the company gets the
payment sooner.

But the production pipeline is seldom uniform and without obstacles. What flows out of the
pipeline is limited by the biggest obstruction. Portions of the pipeline that are obstructed are in
reality equivalent to the stages of the production process where stoppages or slowdowns occur.
Obstructions to uniform flow and rapid throughput are commonplace, particularly in plants that
produce a variety of products with different, fluctuating demands.
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To speed up the flow through the pipeline, the obstructions must be identified and eliminated.
As each obstruction is eliminated, the flow speeds up, but only by as much as allowed by obstruc-
tions elsewhere in the pipeline. Identifying the obstructions, understanding them, and finding
ways to eliminate them is the thrust of lean production.

The pipeline analogy gives the impression that barriers to production, once identified, can be
removed once and for all. In reality, that is impossible. First, there are often a large number of
phases, stages, or steps, and it is difficult to identify the precise location of every obstruction. Also,
the sources of obstructions keep changing—machines break down, parts run short, and so forth.
As some obstructions are removed, new ones appear. Further, the pipeline itself and the things that
flow through it are always changing. Customer orders change, so the flow rate must be adjusted
to accommodate the right kind and quantity of materials. In the analogy, the pipeline diameter
might have to be widened or narrowed. A pipe that is wider than necessary is wasteful, and so is a
flow rate that exceeds demand. In addition, the products are changing too, so the process must be
adapted (the pipeline itself must be modified or replaced), and that introduces a whole new set of
obstructions. In short, work on the pipeline is continuous.

Lean production is a way of continuously tinkering with the pipeline so the material coming
out of it is the best possible. Lean production continuously seeks ways to make the pipeline more
adaptable to whatever materials or flow rates are desired, to match the material flow as closely as
possible to customer demand, and to make the material coming out ever more satistying to the
customer.

The Lean Difference

Most organizations seek to identify and eliminate obstructions in the pipeline, but two features
distinguish lean organizations. First, lean organizations greatly increase the number of people
involved in the effort. Whereas most companies assign professional staff to diagnose and solve
problems, in lean organizations everybody does it. People at all levels are trained in analysis and
problem-solving techniques and given some level of responsibility to generate improvement solu-
tions and implement them. The general level of responsibility of workers everywhere in the com-
pany to make and carry out decisions is much higher in lean companies than elsewhere.

A second difference is in the practices employed to identify and prioritize problems. In lean
companies, this starts with setting difficult goals and then looking for obstructions to meeting
those goals. For example, one objective of lean production is to eliminate inventory. Most com-
panies carry inventory so that when problems arise—parts shortages, equipment breakdowns,
defective parts, and so on, production continues uninterrupted. As inventory is reduced, however,
operations are interrupted and it becomes necessary to identify the problems causing the interrup-
tions. As it is further reduced, additional problems arise and these must be dealt with too. With
each new problem, solutions are identified, and these are incorporated into the production system
through new procedures and standards of work so they won’t occur again. Reducing inventory
leads to improvement.

Important to note, however, is that inventory reduction per se is 7ot the ultimate objective in
lean production but a means to identifying problems and waste. Any inventory reduction by itself
yields a one-time benefit of freed-up capital, but unless problems in the production system—pre-
viously hidden or ameliorated by the inventory—are resolved for good, the process will not be
improved and might be worsened. This is why companies that try to reduce inventories as a goal
rather than as a tool to identify and remove problems usually fail.
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Toyota, where lean production originated, has several such long-term goals (referred to as the
“True North” vision):

Zero defects

100% value-added

One-piece (no inventory) production to meet demand
Stabled processes, uniform (level) demand and production
Security for people

That the goals might never be completely achieved is of less importance; what is important is the
never-ending process of #rying to achieve them and the continuous improvement that results.

The following sections give a brief history of the origins and evolution of manufacturing and
lean production.

Evolution of Manufacturing
The Machine that Changed the World?®

One of the most informative and interesting introductions to lean production is the book 7he
Machine That Changed the World. The machine in the title is the automobile, and the book is about
the auto industry. The automobile is truly the machine that changed the world because twice in
the twentieth century the auto industry changed the way products everywhere were made. The
first change came after World War I when Henry Ford and Alfred Sloan advanced manufacturing
from craft production to mass production. Whereas for centuries Europe had led the manufacturing
world with the former, America swiftly became the dominant global economy with the latter. The
second change came after World War II, when Eiji Toyoda and Taiichi Ohno at Toyota Motor
Company pioneered lean production. The economic rise of Toyota and of other companies and
industries in Japan and elsewhere that adopted lean production was a consequence.

Craftsmanship Yields to Industrialization

Prior to the beginning of the Industrial Revolution, usually associated with James Watt’s develop-
ment of the steam engine in 1769, the emphasis in production was on skilled craftsmanship. Craft
guilds promoted workmanship and manual skills using hand tools, and almost everything was
produced by craftsmen and their apprentices. Craftsmen performed tasks that demanded high-
level workmanship, and apprentices learned from them while performing preliminary tasks. Not
until 1776 when Adam Smith wrote 7he Wealth of Nations did the notion of increasing productiv-
ity by dividing tasks among more than one specialist gain prominence.

Around 1780, Eli Whitney in the United States and Nicolas LeBlance in France independently
conceived the idea of the interchangeable part, whereby parts would be made in batches such that
any one part would meet design tolerances and fit into an assembled product. With the implemen-
tation of the interchangeable part in production of rifles, clocks, wagons, and other products, a
slow transformation began that would replace hand labor and craftsmanship with mechanization
and division of labor.

Around the early 1900s, Frederick Taylor introduced the idea of improving operations by
studying and simplifying them. Always looking for the one best way to do something, he
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developed techniques for systemizing and improving economies of work motion, as well as a
complete management philosophy that included time analysis, wage incentives, separate respon-
sibilities for managers (planning) and workers (doing), an accounting system, and principles for
running a business on a scientific basis. Taylor inspired legions of contemporaries, including Frank
and Lillian Gilbreth who extended Taylor’s time study to include the detailed analysis of motion.
Their ideas about work measurement, analysis, and management contributed to the theory of
scientific management.

One consequence of this theory was to take most of the skills and thinking away from
factory workers (de-skill jobs) and give them to legions of managers and specialists. Factory
work was divided into narrow, repetitive tasks, and workers were stripped of all control. As
this happened, work on the shop floor began to lose its appeal. It is significant to note that the
Japanese never wholly embraced Taylor’s system of specialization and its rigid rules separat-
ing responsibilities between workers and managers. In Japan, workers in factories continued
to develop broad-based skills that would allow them to rotate freely among a variety of tasks.
This continuing emphasis on skill development, as well as on delegation of responsibility and
the expectation that factory workers would both plan and do work tasks, resulted in a level of
worker commitment virtually unseen in Western factories.” The consequence of this would not
be recognized until half a century later.

Craft Production of Automobiles

Cars were a luxury only the rich could afford. They were initially handmade by skilled craftsmen
who were knowledgeable in design principles, materials, and machine operation. Many of these
craftsmen went on to form their own machine shops and become contractors to auto-assembly
companies.

Few cars were actually identical, since every shop produced parts according to its own gauging
system. Specifications on parts were only approximations, and car assemblers would have to file
down and hammer parts so they would fit together. Lack of product uniformity did not matter
much since most cars were built for individual buyers. Minor design features, location of controls,
and some materials were changed to meet buyer preferences.

In the early 1900s there were hundreds of companies in Western Europe and North America
producing autos, although each made less than a 1000 a year and rarely made more than 50 from
a single design. Because the small shops that supplied parts lacked resources, there was very litte
product or process innovation. As a result, cars were poor in terms of consistency, reliability, and

drivability.

Ford’s Mass Production System

As a young machine-shop apprentice, Henry Ford envisioned producing an inexpensive auto. In
1903, at the age of 40, he started the Ford Motor Company and began producing the Model A.
Each car was produced on a fixed assembly stand, and a single worker assembled a majority or all
of it. The worker got his own parts; if a part didn’c fit, he filed and pounded it uncil it did. Ford
saw the limitations of parts being inconsistent and introduced Whitney’s idea of standardized,
interchangeable parts.’® Using interchangeable parts, any worker could be trained to assemble a
car, and since all cars would be virtually identical, anyone could drive and repair one. Thus, Ford
began to insist that all parts be produced using the same gauging system and that the parts be
delivered to the assembly stands so the assemblers could work in one place uninterrupted all day.
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By 1908, when the Model T was introduced, Ford had modified the process so that each
assembler moved from car to car and performed only one task on each car. Although such spe-
cialization would presumably increase efficiency, the problem was that faster workers would catch
up with and have to wait behind slower workers. As a solution, Ford introduced in 1913 another
major innovation: a moving assembly line. He got the idea at a slaughterhouse watching carcasses
on hooks move from workstation to workstation by an overhead bicycle-chain mechanism. The
“line,” which brought the cars past stationary workers, eliminated time wasted by workers walk-
ing and forced slower workers to keep up with the pace of the line. Whereas before it had taken
13 hours to make a car, it now took just one and a half. Ford’s competitors realized the productiv-
ity advantage of the combination of interchangeable parts and the moving production line—what
became known as Ford’s mass production system—and eventually companies around the world
adopted the system.

While perfecting the interchangeable part, Ford was also perfecting the “interchangeable
worker” by obsessively applying the teachings of Frederick Taylor. Whereas the Ford worker of
1908 gathered parts and tools, repaired tools, fitted parts together, assembled an entire car, and
checked everything, the Ford worker of 1915 stood at a moving line and did one simple task.
Workers caught slacking off or performing inadequately were quickly replaced. The atmosphere
did not inspire workers to point out problems or offer suggestions, so problem-solving was assigned
to foremen, engineers, and battalions of functionally specialized workers. With time, these special-
ties all became narrowly subspecialized, eventually so much so that staff in one subspecialty would
have trouble communicating with staff in other subspecialties.

By 1931, Ford had brought every function necessary to car production in house, the concept of
vertical integration taken to the extreme. Not only did the company make all of its own parts, it
also controlled the procurement and processing of basic materials such as steel, glass, and rubber.
Ford did this partly because he could produce parts to closer tolerances and tighter schedules than
his suppliers and partly because he distrusted his suppliers.

To make parts inexpensively, machines were needed that could make them in high volume and
with lictle downtime for changeovers. Ford eliminated downtime by using machines dedicated
to doing one task at a time. Because it is difficult and costly to modify products using dedicated
machines, new products were avoided. But the rigidity of the system did not matter because, from
1908 through 1927, Ford produced only the Model T. Throughout this period, Ford’s goal was to
keep increasing Model T volume so that the cost would continuously decrease. Ford believed that
because high volume results in lower unit costs and allows prices to be reduced, mass production
precedes mass consumption. By 1926, Ford was the world’s leading manufacturer, producing
half of all cars. Not until the 1950s did a car outsell the Model T in numbers; that car was the
Volkswagen Beetle.

But all was not well. Quality control of the Model T was lax. Finished cars were rarely
inspected, but they were durable and could be repaired by the average user. Little about the car
had been changed in ten years and price had become its sole selling point. Customers began look-
ing elsewhere for more innovative and exciting products. In 1926, sales began to slip.

Emergence of Modern Mass Production

General Motors (GM) was created when William Durant acquired several car companies. Early
on the enterprise fared poorly because the companies had separate management and overlapping
products. Alfred Sloan, upon becoming GM’s president in 1920, instituted a new management
philosophy that would complement Henry Ford’s mass production system. He reorganized GM
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into five car divisions covering the market continuum, low end to high end, and into parts-spe-
cialty divisions.!! He also divided management into functional areas and originated the new func-
tions of financial management and marketing. By 1924, GM had become a serious challenger to
Ford.

The production system at Ford put workers under increasing pressure, sometimes pushing
them to the extremes of endurance. By 1913, when most jobs in the system had become menial
and relentless, turnover reached 380%. To stem the flow and attract better workers, in 1914 Ford
doubled the daily wage to the then-phenomenal amount of $5. The pay hike worked, and most
workers stayed and came to view Ford as a place of permanent employment, despite unbearable
work conditions. But Ford treated the workers as expendable, and in a market turndown would lay
them off in a moment. Not only at Ford, but also at GM and other automakers, workers were con-
sidered little more than pieces to be manipulated as needed. As a result, the workers organized and
formed a union, the United Auto Workers (UAW), which by the late 1930s had gained enough
strength to force the automakers into an agreement whereby seniority, not job competency, would
determine which laborers were laid off and who got certain job assignments. Management in all
major industries, not just automobiles, fought labor unions long and hard, and by the time the
unions finally gained power, hate and distrust had swelled. Labor and management had become
adversaries and would remain so for decades (in some cases, they still are).

The system of mass production today is largely a result of the combined influence of Ford,
Sloan, and organized labor. Starting in the 1930s, the system served as the means for increasing
economic gains for both employers and workers in the United States. By 1955, sales of the Big
Three U.S. automakers accounted for 95% of the more than 7 million autos sold in the United
States that year. That was their peak year. Afterward, their share began to dwindle as the share
from imports steadily grew.

Mass Production Around the World

Economic chaos, nationalism, World War II, and strong attachment to craft production had pre-
vented European automakers from widely adopting mass production until the 1950s. When the
Europeans did adopt mass production techniques, low wage costs and innovative features gave
them a burst of success in world markets. That success dampened, however, during the 1970s, by
which time wages had increased and work hours had decreased to the point where European cars
were no longer price competitive. In 1973, the oil embargo hit; gasoline prices worldwide soared.
Even though the typical U.S. car was a gas-guzzler and the average European car was smaller and
more fuel efficient, the latter was also higher priced and posed no real competitive challenge to
U.S. automotive dominance. Elsewhere, however, the real challenge was forming, though it was
totally unperceived. It was in Japan.

Toyoda and Ohno

The Toyoda!? family had been in the textile business since the 1800s. In 1935, it began producing
cars, but the cars were crude and poorly made. In 1950, young Eiji Toyoda visited Ford’s River
Rouge plant to learn the methods of mass production. The plant seemed to him a miracle of mod-
ern manufacturing: Almost everything that went into an automobile—parts, components, and
assemblies—was produced in this one monstrous plant. In one end, went raw materials like iron
ore; out the other end, rolled cars, 7000 a day. Toyoda wanted to learn how Ford did that. (At the
time, Toyota over its entire history had produced fewer than 2700 cars.)
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After 3 months of studying the plant, however, Toyoda concluded that Ford’s mass production
system was unworkable in Japan, which was still struggling to recover from the ravages of war. Since
Japan had few auto manufacturers at the time and a small auto market, Toyoda wanted to make
a variety of cars in just one plant. In the United States, only one type of car could be produced in
a plant. Because of strong Japanese company unions, he knew he could not readily hire and fire
workers as was common in U.S. firms. Also, because of the short supply of capital, he would not be
able to invest heavily in modern equipment and technology.

Returning home he called on Taiichi Ohno, Toyota’s chief production engineer, to help develop
a workable system. Ohno too visited Detroit and concluded he would have to design a system that
would be much less costly and wasteful, but more efficient and flexible than Ford’s traditional mass
production system. The system he and others at Toyota developed, called the Toyota production
system (TPS), is the prototype for lean production and JIT manufacturing. Though developed
for automobile production, the principles of the system have since been applied in all kinds of
industries.

Toyota Production System—Prototype for Lean Production

This section gives an overview of the features of TPS and what distinguished it from traditional
mass production. Many of these features, which are covered in more detail throughout the book,
were evolved as ways to help Toyota continuously improve in terms of reducing wastes and better
meeting customer demand.

Reduced Setup Times

The American practice was to use hundreds of stamping presses, each for making only one or a few
kinds of parts for a car. These huge presses sometimes required months to set up. Since Toyota’s
budget limited procurement to only a few stamping presses, each press would of necessity have to
stamp out a variety of parts. To make that practical, the setup times for switching over from stamp-
ing one kind of part to another would have to be drastically reduced.

By carefully analyzing existing procedures, Toyota devised methods that slashed setup times
from months to just hours. By organizing procedures, using carts, and training workers to do their
own setups, the company was eventually able to get the setup time down to an amazing 3 min-
utes.'? The procedures developed at Toyota can be applied to any setup in almost any workplace.

All setup practices are wasteful because they tie up labor and equipment, and add no value to
the product. Despite this, the tradition, before Ohno, was to take any setup practice as a given; if
the setup takes a long time, so be it. In fact (so goes traditional thinking), if a setup takes a long
time, it would be necessary to produce things in large batches to justify that setup time. Since setup
times were usually long, large-batch production became the norm in manufacturing.

Small Batch Production and One-Piece Flow

The traditional practice of producing things in large batches (large lot size) was justified not only by
a high setup cost but also by the high capital cost of high-speed, dedicated machinery. Dedicated
machinery is very efficient, but it is also expensive, and somehow managers feel the expense can
be justified if they keep the machinery running to produce things in massive quantities, regardless
of demand.
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But producing things in large batches results in larger inventories because it takes longer to use up
each batch, and that, in turn, results in higher holding costs. Plant-wide large-batch production also
extends lead times because it ties up machines longer and reduces scheduling flexibility. The effect on
lead times is negligible when demand is constant but it increases as the demand variability increases.

Large size batches also tend to have higher defect costs. Production problems and product
defects often happen as a result of setup mistakes that affect the entire batch. The larger the batch,
the more items affected.

The classical way to determine optimal batch size is based on the economic order quantity

(EOQ) formula:

EOQ =,2DS/H

where:
D is demand
S is setup cost
H is holding cost

Since, traditionally, holding cost has been underestimated because it ignores the effects of batch
size on quality and lead times, and since the setup cost, a direct function of setup time, is usually
large, the formula (and managers’ thinking) has been biased toward large batch production.

Once ways were found to make setups short and inexpensive, it then became possible for
Toyota to economically produce a variety of things in small quantities. In other words, Toyota
could produce any sized quantities, whatever demand dictated—even if demand was very small.
The smallest size demand is one unit, and Toyota set the goal of being able to produce anything,
one unit at a time. This is called one-piece flow.

Quality at the Source

Ohno saw that the traditional manufacturing practice of stationing inspectors at locations
throughout and at the end of the line did little to promote product quality. Defects missed by
inspectors were passed from one worker to the next. As a product was assembled, defects became
progressively more embedded inside, and, thus, more difficult to detect. If detected, defective
products were scrapped or sent to rework areas; if not, they were passed on to the customer. Thus,
relying solely on inspectors was not a practical means to eliminate defects and the costs associated
with making and reworking defects.

Ohno reasoned that to eliminate product defects, defects must be discovered and corrected as
soon as possible, which means going to the source of defects and stopping them there. Since the work-
ers are in the best position to discover a defect and immediately fix it, Ohno assigned each worker
responsibility for detecting defects. If the defect could not be readily fixed, any worker could halt the
entire line by pulling a cord (an andon). At first the Toyota line was frequently stopped and output
was low, but over months and years of refining the process, the number of defects dropped, sources
of errors were eliminated, and the quality of parts and assembled products improved. Eventually the
quality of finished goods was so high that it practically eliminated the need for rework.

Equipment Maintenance

Manufacturing organizations laden with work-in-process (WIP) inventory are not much con-
cerned about equipment maintenance because the inventory allows work to continue (for a while)
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even when equipment breaks down. Further, many organizations actually bank on equipment
breaking down and carry enough inventory between operations to cover for that eventuality. Some
managers are of the belief that the most productive way to run a machine is to run it constantly
(three shifts if possible) until it breaks, then fix it. This philosophy runs square in the face of waste
reduction because, accordingly, inventory is held, operations are idled during equipment repair,
and repair costs are higher.

Consistent with the philosophy of worker empowerment at Toyota, operators are assigned pri-
mary responsibility for basic preventive maintenance since they are in the best position to detect
early signs of malfunction. Specialists who formerly did maintenance now diagnose and fix only
complex problems, train workers in maintenance, and improve the performance of equipment.
The combination of maintenance specialists and workers both practicing preventive maintenance
almost eliminates equipment breakdowns.

Pull Production

In traditional manufacturing plants, products are fashioned by moving batches of materials from
one stage of the process to the next. At each stage an operation is performed on an entire batch.
Because batch sizes and processing times vary from stage to stage and because usually there are
several jobs that need to be worked on at each operation, it is difficult to synchronize the flow of
material from one stage to the next. As a result, materials wait at each operation before they are
processed; typically, the wait time far exceeds the processing time for the batch. Plant-wide the
result is large amounts of WIP waiting at various stages of completion. In terms of inventory hold-
ing costs and lead times, the waste can be staggering.

To reduce these wastes, Ohno developed the pull production method wherein the quantity
of work performed at each stage of the process is dictated solely by the demand for materials
from the immediate next stage. Ohno also developed a system called kanban to coordinate the
flow of materials between stages so that just as a container was used up, a full container from
the previous stage would arrive to replenish it: This is actually where the term just-in-time origi-
nated. Production batches are kept small by using only small containers to hold and transport
materials.

Although pull production reduces waste, it is, in truth, not always an easy system to imple-
ment. Toyota took 20 years to work out the process.

Standard Work

At Ford and most modern industrialized organizations, work standards developed by engineers
and specialists specified what the frontline employees were expected to do. But the standards,
developed by staffers somewhat detached from the actual workplace, were often unrealistic,
impractical, and provided no motivation for improvement. Ohno, during his early years at
Toyota, had developed the philosophy that workers should create their own job descriptions
and work standards because, he reasoned, only then would they be able to fully comprehend
the details of their work, know why things had to be done in a certain way, and be capable
of pondering better ways to do it. He developed the concept of standard work or standard
operations whereby worker teams create the standards that define the work they currently do.
Standard work also serves as the baseline from which to stabilize processes and improve them to
better adapt to changes in demand and the work environment. It became a key tool in continu-
ous improvement.
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Supplier Partnerships

Ohno recognized problems with traditional manufacturer—supplier relationships in the United
States. Typically, the manufacturer would develop detailed specifications for each product part
and then contract with suppliers to make the parts through a competitive process that, usually,
awarded the lowest bidder. Multiple suppliers for each part were retained, and these suppliers were
routinely played one against another to keep prices down.

Ohno saw the need for a different kind of relationship wherein the manufacturer treats its
suppliers as partners and, as such, as integral elements of the production system. Essentially,
suppliers are trained in ways to reduce setup times, inventories, defects, machine breakdowns, and
so forth, in their own plants, and in return they take responsibility for delivering the best possible
parts/services to the manufacturer in a timely manner. The number of suppliers for each part was
greatly reduced, sometimes to only a few, and each would get a larger share of the manufacturer’s
business. With this arrangement, the manufacturer, suppliers, and the final customer all benefit.

Employee Involvement and Empowerment

In U.S. plants, there was a specialist for doing just about everything. Other than machinists
and assembly workers, though, few specialists directly added value to a product. Ohno reasoned
that most tasks done by specialists could be done by assembly workers and probably done better
because assemblers were more familiar with the workplace. To this end, he organized his workers
into teams and gave them responsibility and training to do many of the specialized tasks. Each
team had a leader who worked as one of them on the line.

In addition to their assigned work tasks, teams were given responsibility for housekeeping and
minor equipment repair. They were allowed time to meet to discuss problems and find ways to
improve the process. Further, they were allowed to collect data to help diagnose problems, develop
solutions and plans, and use suggestions from specialists who were still on hand but in relatively
few numbers compared with those in Detroit. The notion of workers asking why five times to
get to problem root causes was first introduced at Toyota. Eventually, worker responsibility was
expanded to include many areas usually held by specialists, including quality inspection and pre-
ventive maintenance.

All of this relates to a key lean principle, one that has gone relatively unacknowledged, at least
formally, and that is respect for people. (At Toyota, it is called respect for humanity.) Respect for
people refers in particular to respect for peoples’ abilities, and in TPS it is applied, supported, and
promoted in numerous ways. People are provided training, coaching, and opportunities for devel-
opment and personal growth. They are challenged to think and work at the peak of their abilities,
and their decisions are trusted. The term “people” broadly applies to all stakeholders—customers,
suppliers, and employees at every level and function of the organization. Respect for people is at
the basis of lean methods and, more broadly, continuous improvement.

Continuous Improvement

A main reason for Toyota’s success and rise to preeminence is emphasis on continuous improve-
ment, which is embedded in Toyota’s vision and goals, expectation of employees and suppliers,
daily operations and management practices, and culture. At the corporate level, management sets
challenging goals related to customer needs and wants, and these goals become the basis for set-
ting challenging shorter-term targets throughout the company—challenging because they require
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continuous improvement of processes. Improvement through finding and removing barriers to
targets is built into workers’ daily routines and is guided and supported by standards and manage-
ment. Elements of TPS such as reduced setups, small-lot production, and pull production mandate
improvement; they expose obstacles—sources of waste—and challenge everyone to remove them.
Management’s role is to establish targets related to better satisfying the customer, and to coach
and support the production system—especially its workers—to meet those targets. It is no stretch
to say that the culture at Toyota is continuous improvement, and through that culture the com-
pany has moved from a position of disadvantage to world leadership, the result of an endless series
of daily improvements made everywhere and at every level of the company.

By the early 1960s, Toyota Motor Company had worked out most of the major principles of
lean production. Eventually, all other Japanese automakers adopted their own versions of TPS.
In 1968, Japan surpassed West Germany as the number two producer of vehicles in the world; in
1980, it surpassed the United States to become number one. In 2016, Toyota became the world’s
largest automaker.

Training within Industry™

At the start of World War II, at the same time the U.S. government was conscripting a large seg-
ment of America’s eligible workforce to fight, it was also mandating a crash industrial effort to
produce war materiel—ships, planes, tanks, munitions, clothing, and so on. The immediate result
was a massive shortage of experienced, skilled labor. To accelerate training the huge numbers of
workers needed—hundreds of thousands and ultimately millions of them—the U.S. government
created TWI, or training within industry. TW1I provided standardized training methods to enable
experienced supervisors to quickly and effectively transfer knowledge to their workers. It consisted
of a series of job-training or “J-programs,” each with manuals and a train-the-trainer segment so
that newly trained workers could become trainers themselves and, thus, rapidly expand the size
of the skilled workforce. The program was a great success and trained over 1.6 million workers in
over 16,500 plants.

Job instruction (JI), the first of the TWI J-programs focused on methods for supervisors
to develop their workers. It gave instructions for how to prepare workers to learn, demonstrate
work, point out the key elements of a job, perform trials, and coach. Job methods (JM), the next
J-program, taught supervisors how to scrutinize job methods so as to improve production output
and quality using existing labor, material, and equipment, and with minimal or no outside techni-
cal or engineering advice. It focused on defining the steps in a production method, questioning
their practicality, and improving the method through eliminating, combining, or simplifying of
job steps. Another J-program, job relations (JR), focused on helping supervisors improve relations
with workers so as be more effective at assessing problems, making decisions, and taking action
through cooperation with workers. It emphasized leader skills such as providing constructive feed-
back, crediting workers, using workers to the best of their ability, and gaining loyalty and trust.

All of the J-programs emphasized that job methods should be standardized and repeatable
because only in this way could job methods be trainable and sustainable.

After the war, the U.S. government took TW1I abroad through consultants it had hired to
teach European and Japanese companies business practices. In Japan, many companies embraced
TWI, including Toyota where Taiichi Ohno and others incorporated it into TPS. Aspects of
TWI to be found in TPS include standardized work and variation reduction, training by coach-
ing and mentoring, process improvement using existing resources, work method simplification,
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problem-solving at the problem source, learning by doing, kaizen, and the plan-do-check-act
(PDCA) scientific method.

In the meantime TW1 in the United States was fading. Viewed as a means to help win the war,
companies began abandoning the J-programs as soon as victory was evident, and they stopped
almost completely when the government ceased TWI funding in 1945. TWI was rarely embraced
by top management and had been adopted as necessary to meet the requirements of the military.
Senior and middle managers had largely resisted TW1I and were happy to see it vanish—perhaps
because it moved the locus of decision making farther down the hierarchy or somehow diminished
their stature and authority, even if only in perception.

America’s Fall from Manufacturing Grace'

It would be a mistake to assume that Japan’s economic success resulted solely from lean produc-
tion. Japan is a very communal society, and after World War II the ministries of government
decided where the nation’s limited resources should concentrate to best serve the country. The
nation’s educational system put emphasis on turning out engineers. By creating an excess of engi-
neers, it was thought, more of them could be put on the shop floor where they could tinker with
improvement. The cumulative effort of so many talented people working on so many things was
incalculable. It was also the case that, deprived of opportunities in acrospace, nuclear, and other
cutting-edge technologies with military potential, the cream of Japan’s technical brainpower was
funneled into more prosaic industries such as autos, steel, and machine tools. In the United States,
such industries were having trouble attracting the best people.

While the Japanese were developing improved methods of production, American manufactur-
ers were being distracted. Beginning in the 1950s, a new breed of executives came to power. Here
again the change was first seen at Ford, starting with the hiring of a group of young men known
as the Whiz Kids, men who during the war had gained a reputation in the Air Corp for prowess in
applying analytical techniques to military problems.!® But the Whiz Kids were not car men, nor
even product men. Lacking knowledge of products, they played up their “management systems,”
which emphasized financial criteria and (presumably) told management what to do, regardless of
market, product, or industry. The group was at first a welcome relief at Ford. Henry Ford had dis-
trusted accountants and fired most of them, so company records and procedures were in disarray.
The Whiz Kids reorganized everything and imposed tight financial and accounting controls. They
cleansed the system, though later people would question whether or not their kind of cleansing
had been best. The issue is not the efficacy of financial management systems; such systems are an
important component of modern management. What is wrong is that in the Whiz Kids’ brand of
management, financial controls dominate and smother all other components of business—mar-
keting, engineering, and manufacturing.

At Ford and at most other corporations in the United States, a powerful new bureaucracy
was installed, displacing the manufacturing people who had customarily dominated. Given
that one of the easiest ways to bolster profit performance is to curtail capital expenditure and
implement cost cuts, top management pared back on capital investment and product innova-
tion, made cuts in facilities and labor, closed plants, and moved manufacturing overseas.

Over the next several decades, graduates of U.S. business schools swelled the ranks of the new
elite. The best students went into finance and systems analysis, which had become the fast tracks
to senior management. Rarely did they go into manufacturing, which was viewed as a dead end.
It became rare in big companies to find a manufacturing person on the board or as president.
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(Manufacturing in Japan carried higher prestige, and boards there had many men with factory
experience.) As U.S. managers changed their style, they also changed their business agenda.
Driving up the price of shares on the stock market became more important than making a good
product with a profit.

In the meantime, through continuous improvement in products and, especially, processes,
Japanese producers were slowly eroding U.S. market share in autos, steel, and electronics. Rather
than learn from it, American managers used the challenge from Japan as a threat to keep wages
down. They told workers, “You better take the contract we are offering you or see your jobs moved
to another country.”

Climbing Back

The Whiz Kids approach to management is still taught in business schools and practiced in
corporations, but signs indicate that mistakes of recent decades are being recognized and cor-
rected. There are also signs that U.S. manufacturing is on the road to becoming competitive
once more. This is not to say that all is well in U.S. manufacturing or that America will regain
its position of dominance in world production. Many executives still view manufacturing as
but an expense that must be pared back or fully outsourced. The United States is still the most
innovative country in the world, but its innovators often have a hard time getting financial
backing at home and must look overseas where investors and manufacturers seem more eager
to snap up promising new ideas. These manufacturers, of course, become the long-term benefi-
ciaries of American innovativeness.

Modern Developments

To round out this brief history, we note some other manufacturing developments in the last five
decades. These developments can be summarized in two words: computer technology. Since the
1970s, one of the greatest impacts the computer has had on manufacturing is in material require-
ments planning (MRP) systems that link together information about parts and components
that go into a finished product and generate schedules and purchase orders to assemble and pro-
cure parts. Without the computer’s capability to manipulate large quantities of data, coordinated
scheduling and rescheduling of thousands of parts for producing hundreds of products would
be impossible. These systems are often integrated with marketing, financial planning, customer
relations, and supply chain management functions in company-wide enterprise resource planning
(ERP) systems.

Other noteworthy developments are CAD, CAM, flexible manufacturing systems, computer-
integrated manufacturing (CIM), and electronic data interchange. CAD enables designers to
design a part or product and test its features and compatibility with other parts and products, all
with a computer. CAM refers to software that translates design requirements into instructions for
controlling production machinery. Given CAM’s dependence on CAD for input, CAD/CAM is
often applied as a single, integrated system.

A flexible manufacturing system (FMS) aims to achieve high-variety output at low cost.
Although an FMS can be manual, the usual notion of FMS is a computer-controlled, automated
system. A large FMS consists of many machines or processes, each with varying degrees of mechani-
zation, linked by automatic transfer systems, guided vehicles or robots, and all controlled by a central
computer. With a computer regulating changes in machine settings, parts, and tools, one machine
can perform numerous functions, and requires very little time for changeover between parts.
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The next step beyond FMS is CIM, which links CAD/CAM; automated material handling;
robotics; and automated manufacturing planning, control, and execution systems into a single,
integrated system.

Electronic data interchange (EDI) refers to computer-to-computer exchange of information,
usually meaning between multiple companies. EDI enables quick, accurate sharing of production
schedules and placing of orders between customer—supplier companies.

Computer technology is also responsible for another aspect of mass manufacturing: mass cus-
tomization. In one scenario, a sales clerk at a clothing store enters a customer’s vital statistics
into a computer to create a digital blueprint of a pattern, which is transmitted to the factory and
instructs a robot to cut the fabric to precise measurements.” In another scenario, customers phone
an engineer to discuss the kind of part they need, and the engineer enters the specifications into a
CAD/CAM system to design a one-of-a-kind part. Overnight, automated machines grind out the
custom parts. High-end car manufacturers offer similar service. Buyers of Tesla electric cars can
customize an entire car by choosing options for batteries, seats, sound systems, and so on, online,
then pick up the car a few weeks later at the dealer.

On the near horizon but approaching rapidly are other technologies that will change the
face of manufacturing. Two examples are additive manufacturing and the Internet of Things
(IoT). With additive manufacturing, popularly called 3-D printing, a product is made layer by
layer, either with a printer-like device or by cold spraying—blasting particles through a nozzle
at high speed so the particles bind and form shapes. Additive manufacturing is the equivalent
of painting a 3-D object into existence. Such technology can produce products in high volumes
or as few as one using a variety of materials such as plastics, ceramics, metals, and even wood.
It can even layer more than one material and create sophisticated components that incorporate
circuitry and sensors.

IoT refers to electronic devices interconnected and communicating with each other via
Internet infrastructure without human intervention. IoI’s greatest impact on manufacturing will
be on sensing, measurement, and process control. Devices embedded in systems, machines, and
products will capture, record, and share data about, for example: Temperature and humidity; the
location of a machine, vehicle, or product; the potential failure of a machine; and the character-
istics of parts being manufactured. They will share data and communicate with each other, or
with humans via, for example, a cellphone. Devices connected through IoT will not only guide
“smart” machines and robots but provide information to manage and control processes and entire
factories. IoT technology offers opportunities to improve product quality, workplace safety, equip-
ment reliability and scheduled preventive maintenance, and supplier coordination—all important
aspects of lean production.

In many industries, technologies like these have cut labor, material, transportation, and inven-
tory costs, and have improved manufacturing cycle time, flexibility, product quality, and customer
satisfaction. In other cases, however, because the technologies were too costly, poorly implemented,
prematurely made obsolete, or ill-suited for the operation, they helped little or made things worse.
In a study of FMSs used in companies in the United States and Japan, it was revealed that while
the average U.S. FMS was used to produce ten types of parts, the Japanese FMS produced 93.
Said the researcher who did the study, “With few exceptions, the flexible manufacturing systems
installed in the United States showed an outstanding lack of flexibility.”'®

It is crucial to point out that none of the manufacturing developments described constitute
lean production. Such developments might improve the performance and competitiveness of any
organization, but none of them alone imply or necessarily support a culture of continuous improve-
ment and waste elimination. All offer opportunities to aid in lean production, but ultimately, they
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are just tools and none involve the fundamental changes to worker and manager roles and supplier
relationships necessary for lean production.

The Imperative

Programs to implement lean production methodologies have been undertaken by organizations
everywhere. Despite variations in these programs, the fundamental ingredients of all of them—the
tools of lean production—remain largely the same. In manufacturing, many of these tools represent
a departure from traditional ways, although many of them also conform to principles of good opera-
tions and manufacturing management that have been in the books for decades. Some are technically
and culturally difficult to implement, and some provoke resistance from managers and workers. As
a result, programs to adopt lean production methodology require long-term commitment to imple-
ment, and few of them will show positive results in the first several months or even years of effort.

The alternative to not adopting these methodologies, however, is potentially disastrous. Players
who have successfully adopted the methods of lean production and who faithfully apply these
methods to improve their processes and products have gained a substantial competitive advantage
over others within the same market who continue to operate by the old rules of mass production.

The proof is in the record. It is not an overstatement to say that companies that have been
challenged by producers committed to the principles of lean production have been able to meet
or beat back those challengers only by committing to the same principles. Companies that were
challenged but that did not become lean producers, either because they ignored the challenge or
did not have time to make the transition, lost; either they chose to drop out of the market, or they
were forced to drop out.

Organization of the Book

This book is divided into four sections. Section I (Chapters 2—4) is an overview of three concepts
fundamental to lean production philosophy and practice: continuous improvement, elimina-
tion of waste, and focus on the customer. Survival and competitiveness in manufacturing man-
date continuous improvement of products and processes—forever striving to be better, faster,
cheaper, and more agile. Continuous improvement of processes happens largely through identify-
ing wastes in the process and eliminating them. This part of the book begins with an overview
of the strategic importance of continuous improvement, kinds of improvement, wastes and their
sources, and basic lean principles for waste reduction and process improvement in manufacturing.

In the pursuit of competitive advantage, a company must target its improvement efforts, which
is where the concept of quality comes in. In the notion of customer-focused quality, customer-
defined requirements are used to set priorities for all improvement and waste-reduction efforts.
The related topics of total quality management, statistical process control, and Six Sigma
quality are also covered in Section I.

Section II (Chapters 5-13) covers the main tools of lean production for process improvement. In
a typical company, waste exists in the form of product defects, inventory, overproduced items, idle
workers and machines, and unnecessary motion. Through lean production practices, it is relatively
easy to identify these wastes and eliminate them. This section of the book presents the core practices
of lean production, namely, producing in small batch sizes; reducing process and equipment setup
times; maintaining and improving equipment; using the pull system (kanban) for production
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control; organizing facilities into focused factories and work cells; standardizing work on the
shop floor; eliminating manufacturing defects, the notion of pokayoke or mistake-proofing; and
creating new processes that leapfrog the old, called production preparation process.

The tools and methodologies in this section are interrelated, and successful implementation of any
one is predicated on implementation of many of the others. In every case, the methodologies are aimed
at institutionalizing the process of continuous improvement. In every case also, worker associates play a
central role. This role and implementation issues are also addressed in this section of the book.

Section I1I (Chapters 14-17) reconsiders the lean production concepts introduced in earlier chap-
ters in the context of a working manufacturing system. Assuming the elements of lean production are
well along into implementation, the question then is, “How is production planned and scheduled to
take the fullest advantage of these elements?” This section of the book takes a step back to look at lean
and pull production methods as elements of a total production system, one that forecasts demand,
accumulates orders, translates forecasts and orders into plans and schedules, authorizes material pro-
curement, and executes work tasks to ultimately yield a finished product. Particular topics of this sec-
tion of the book include the concepts of production leveling to smooth fluctuations in production
plans and schedules, balancing capacity and synchronizing of operations, and a framework of
overall planning and control to tie together many of the topics from elsewhere in the book. Section
III also addresses the relative roles of centralized systems and decentralized (shop floor) systems in
lean production planning and control, and the subject of adapting MRP systems to pull production.

The quality, cost, and delivery performance of every manufacturer depends in large part on the
performance of its suppliers. The last chapter of Section III addresses the concept of supply chain
management and applications of lean concepts therein to improve performance and reduce waste
throughout all suppliers and connecting routes.

Section IV (Chapters 18 and 19) covers daily management and strategy deployment, top-
ics that address the issues of (1) how to meet daily work goals and retain the gains from prior
improvement efforts (and not backslide to old ways) and (2) how to ensure improvement efforts
are meaningful and assist the organization in achieving its objectives and long-range goals. Many
experienced practitioners express that the methods and processes discussed in this section are
among the most difficult of everything about lean to implement. They are placed at the end of the
book because in most companies they are implemented later—a few years or so after the company
has become familiar with other lean tools and practices and adopted a philosophy of continuous
improvement and waste elimination. But the implementation cannot be delayed too long since
without daily management, improvement gains might be lost.

Readers will notice a distinct shift in the focus of Section IV from the rest of the book, from
shop-floor matters to management matters, and particularly to managers’ roles and responsibilities
in day-to-day monitoring and control of operations (daily management) and annual and long-range
strategic planning.

Originated and developed in manufacturing, the philosophy and tools of lean production
have since been widely adopted in all kinds of organizations to improve processes and elimi-
nate waste. To illustrate lean production practices as applied to a wide variety of service and
manufacturing situations, many examples will be given throughout the book.

Questions
1. Explain how each of the following is a basis for competitive advantage in manufacturing: cost,
quality, time, agility.
2. Distinguish between delivery time and time to market.
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. In ten words or less, what is the primary focus of lean production?
. What is meant by the term production pipeline? What does the production pipeline have to do

with lean production?

. What features differentiate lean organizations from other organizations?

. What is craft production?

. What is mass production?

. What were Henry Ford’s most significant contributions to mass production?

. Why did Eiji Toyoda and Taiichi Ohno decide against copying Detroit’s system of mass

production? How did that lead to the TPS?

Describe the principles of the TPS and how it is a departure from traditional production
systems.

Explain some of the reasons why America’s position as the world’s supreme industrial power
began declining in the 1960s and 1970s.

What is the relationship between quality and production in craft production?

What effect did interchangeability of parts have on product quality?

Why have overseas corporations been successful at capturing large shares in U.S. markets?
What is the role of manufacturing?

What are some potential barriers against adopting industrial policies and manufac-
turing practices in the United States that would help make American industry more
competitive?

A principal feature of lean production is large-scale employee involvement and employee
empowerment. What do these concepts mean? Why in practice are they considered some-
what radical in U.S. organizations when they are accepted as commonplace in Japanese
organizations?

Research Questions

To answer these questions, complete a literature search and include material beyond this chapter.

1.

2.

Name some newsworthy, contemporary companies that are successful (high market share,
high profits, leading-edge products, and so on). Which of them are “turnaround companies”
(rebounded after hard times)? Which of them are lean companies?

What are some big-name companies that in recent decades stopped producing certain prod-
ucts after Asian or European producers aggressively entered the market? Which of these
Asian or European producers use lean practices?
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CONTINUOUS
IMPROVEMENT,
WASTE ELIMINATION,
CUSTOMER-FOCUSED
QUALITY

The term improvement implies that something about a process has changed for the better. In
business operations, improvement is often expressed in terms of changes in process output or
input. For example, increasing the process output—input ratio (O/I) is considered improvement,
achieved by cither an increased level of output for a fixed level of input, or by a reduced level of
input for a fixed level of output. Though more output for the same input or the same output for
less input are common ways of measuring improvement, too often the view of what constitutes
input and output (and, hence, improvement) is narrow and simplistic. Real improvement rep-
resents an attempt to make something better while trying to minimize cost and adverse conse-
quences. For example, if a manufacturing process is changed to increase the rate of output, the
change represents an overall improvement only as long as aspects of the output or other processes
have not been degraded. If the change results in diminished product quality, increased produc-
tion cost, worsened working conditions, or increased toxic wastes, the increased output may not
be an improvement at all.

In the global marketplace, the concept of improvement is synonymous with “never stop try-
ing” External factors (technology, resource availability and costs, and competitors’ capabilities)
over which an organization has little control but that influence its competitiveness and profit-
ability are constantly changing. Inside the organization, factors like work conditions, employee
motivations and skills, and processes are changing too. As a result, whatever was good enough
yesterday will probably not be good enough tomorrow.

In addition, there is no logical end to customers changing their expectations, neither in level
or direction, nor to what competing organizations will do to try to meet those expectations. Thus,
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there can be no such thing as ultimate improvement. Organizations that try to achieve ultimate
improvement or are content with staying in one place will be surpassed by others keeping pace
with changes. In short, survival and success mandate continuous improvement.

Paralleling the idea of continuous improvement is the concept of elimination of waste. To
use a metaphor, the road to improvement is potholed with waste. Like potholes, sources of waste
are everywhere and no matter what you do, they keep coming back. Any attempt to improve a
process by increasing output with a fixed level of input or by maintaining the same output from
reduced input implies that the process contains waste. Part of continuous improvement is the drive
to continuously identify waste and eliminate it.

In the pursuit of competitive advantage, an organization must be able to target its improve-
ment and waste-climination efforts. It must have a scheme for prioritizing where to expend time,
effort, and resources in its improvement and waste-reduction efforts; this is where the concept of
quality comes in. In seeking competitive advantage, customer-focused quality is the criterion
an organization uses for prioritizing improvement and waste-reduction alternatives. Quality has a
price, however; thus, efforts devoted to increasing quality must be accompanied by efforts to hold
or reduce costs. Lower cost is one of the many byproducts of eliminating waste in a process.

To avoid getting into a semantical debate about distinctions between the concepts of improve-
ment, elimination of waste, and customer-focused quality, let us just say they are all related, which
is why they are discussed together here. The concepts and their relation to each other, to lean
production and total quality management (TQM), and to competitive manufacturing are topics
of the chapters in Section I:

Chapter 2: Fundamentals of Continuous Improvement
Chapter 3: Valued Added and Waste Elimination
Chapter 4: Customer-Focused Quality



Chapter 2

Fundamentals of Continuous
Improvement

Even if you are on the right track, you’ll get run over if you just sit there.
Will Rogers
A rut is a grave with the ends knocked out.
Laurence Peter

An organization’s ability to survive and thrive depends on how well the organization adapts to
demands imposed by a changing environment. Organizations come and go, though relatively
few outlive the people who have worked in them. Organizations that survive for a century are
rare. Nowadays it seems that big companies whose names were once synonymous with power and
prosperity are being eclipsed at a quickening rate; their demise is hastened by a failure to adapt.

The challenge of change in a business environment comes along many fronts: Competitors
introduce new products, industries develop new processes and technologies, and the scope of the
business environment expands. One time, not so long ago, a business could feel safe if it had cap-
tured most of the market from its domestic competitors. Today, no organization anywhere can feel
safe just by having beaten domestic rivals. The business environment has expanded to put U.S.,
Asian, and European organizations in direct competition, and this competition has changed the
definition of what constitutes doing a good job. Organizations everywhere are always striving to
offer something new and, as a result, customer expectations are always expanding, and satisfaction
tends to be a fleeting phenomenon. A company’s survival and success now depend on its ability to
continuously improve its products and services to meet and exceed customer expectations.

Continuous improvement is measured in terms of producing things better, faster, and cheaper,
and being more agile. But to improve products and services it is necessary to go beyond the prod-
ucts and services themselves; it is necessary to examine and improve the materials and basic pro-
cesses intrinsic to them. Continuous improvement is thus synonymous with continuous process
improvement.

Lean production is, effectively, about continuous improvement, so this chapter sets the stage
for everything to follow. The chapter starts by discussing continuous improvement and what it
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means to be continuous. Also discussed is the role of frontline employees in improvement efforts,
and different improvement approaches such as PDCA (plan—do—check—act), value analysis, kaizen
projects, and value stream mapping (VSM). The chapter concludes with a review of the seven basic
problem-solving and analysis tools.

Continuous Improvement as Tactics and Strategy’

A premise of continuous improvement is that processes and products can be improved with-
out limit. Yet we know intuitively there must be limits, if only because improvements require
resources, and resources are limited. Part of continuous improvement involves knowing where to
direct improvement efforts so they contribute the greatest good. This means being able to iden-
tify the portions of the system that contribute most to increasing product quality and meeting
customer requirements, as well as the ability to recognize when a product or process is already as
good as it can be.

Incremental Improvement: Kaizen

The concept of limits to improvement can be described in terms of the S-curve shown in Figure 2.1.
The curve shows the relationship between the effort or resources to improve something and the
incremental result of that effort. The kind of improvement represented by the S-curve is called
incremental improvement, which is the process of making something better through the accu-
mulation of small, piecemeal improvements, one at time.

At first, progress is slow, hence, the eatly part of the curve is nearly flat. As the object under
scrutiny is better understood, however, learning accelerates and improvement occurs at an acceler-
ated rate. The idea that great improvement eventually comes from a series of small, incremental
gains is the Japanese concept of kaizen. Accordingly, employees throughout the organization
patiently work to continually improve the processes in which they are engaged. Through a coordi-
nated series of ongoing kaizens, many small improvements result in big changes.

Incremental improvement can, over time, lead to substantial improvement, although, as the
S-curve illustrates, at some point that improvement will slow. Regardless of effort, improvement
gains get smaller and smaller. Only so much can be done economically to improve something,

Performance
Improvement

Cumulative effort (Resources)

Figure 2.1 The S-curve of incremental improvement.
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after which any residual improvement comes only at great expense. This concept of improvement
has universal applicability, no matter the product or process.

What happens when the improvement threshold is reached? Does improvement cease? For
an existing technology, product, or process, the answer is yes, at least for now, because the cost
of further gains becomes too great. This is important to note because it means that if further
improvement is necessary for the organization to survive, then something new and perhaps radi-
cally different is also necessary.

Innovation Improvement

Once the limit is reached, higher performance is achieved only by adopting a new way or new
technology (something fundamentally different and innovative, something that does not have that
performance limit). This is called innovation or breakthrough improvement. This new way has
its own S-curve, shown as the curve on the right in Figure 2.2. Figure 2.2 illustrates the difference
between two improvement approaches: The continuous, incremental approach is represented by a

CASE IN POINT: LCD TECHNOLOGY AT RCA AND SHARP

A good example of traditional U.S. and Japanese kaizen approaches to improvement is
Hedrick Smith’s discussion of the history of the liquid crystal display (LCD).? In 1968,
RCA unveiled a new technological discovery, the LCD, a flat-display screen that promised
to replace cumbersome cathode-ray tubes in TV sets. To transform the new technology into
useful products, however, would take years of patient developmental work and considerable
financial investment, neither of which RCA’s corporate culture supported. In fact, RCA
at the time was diversifying into areas like car rental, carpeting, and TV dinners because
these provided quick returns, despite taking away funds from RCA’s core business: electron-
ics. Unlike founder David Sarnoff, who appreciated technology and pushed for innovation,
RCA at this time was run by marketing and financial people who cared more about corpo-
rate stability and short-term financial success than industry leadership. After a half-hearted
effort at producing LCD wristwatches and calculators, RCA sold its LCD patents to the
Japanese in 1973.

Contrast this with what happened at Sharp in Japan. Sharp, at the time a modest-sized
radio and TV producer dwarfed by RCA, saw a market niche in lightweight, energy-efficient
LCD pocket calculators. It put $200 million into development, and the calculators became
a market success. Profits from the calculators provided Sharp a springboard into other LCD
and flat-panel display applications. Ultimately, Sharp invested a billion dollars in developing
LCD technology and building plants to manufacture flat-panel displays.

Today LCD technology is everywhere—in industrial gauges, clocks, phones, T'Vs, com-
puters, medical imaging systems, automobile dashboards, and aircraft cockpit controls, to
mention a few applications. By the 1990s, Sharp and 18 other Japanese firms controlled
95% of the world market for flac-panel displays, although more recently Korea and Taiwan
vie with Japan for LCD dominance. Many U.S. manufacturers have become dependent on
LCDs, and Japanese producers have opened assembly plants in the United States to avoid
tariffs. Total market revenues for flat-panel displays and associated electronics by 2007 were
$42 billion.

As for RCA? All it got from the LCD was what it sold the patents for: $2 million.



