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we want to have successful monozukuri
and teach students with monozukuri.

Introduction

Monozukuri can be done individually
or as a team. The historical aspect of
monozukuri was addressed by F. Cho in
his article: “Toyota Production System
(TPS),” in relating traditional craftsmanship to modern manufacturing systems.
In his article, Cho mentioned a continuous improvement principle, known as
Kaizen as a basic and guiding principle
of the Toyota Production System, in
which problem-solving is emphasized
by finding the root cause. Industrial
problems can be either system-related or
process-related. A good example of a
production system is TPS (Figure 1)
whose concept consists of people,
machines, and material as input elements.
The production process includes, but
is not limited to, stamping, forging,
machining, welding, coating, etc. Each
can be an independent research subject.
When they occur, regardless of type, the
monozukuri system will create defects or

Monozukuri is a Japanese word
consisting of “mono” which means
“products,” and “zukuri” which means
“process of making or creation.”
However, the word means more
than simply making something; it
has overtones of excellence, skill,
spirit, zest, and pride in the ability to
make things very well. Monozukuri
is not mindless repetition; it requires
creative minds and is often related to
craftsmanship, which can be learned
through lengthy apprenticeships rather
than the structured course curricula
taught at traditional schools. In that
sense, monozukuri is an art rather
than science. However, science plays
an important role in monozukuri. This
article discusses how important it is to
have craftsmanship, technology, and
scientific principles and practices when
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delay the production time. Both problems create waste. Therefore, the Toyota
Production System constantly and
systematically looks for all types of
waste to be eliminated in order to
improve the production (monozukuri)
system.
In this two-part article, I adopt Cho’s
definition of monozukuri to cover the
following:
? the University of Kentucky’s 		
Industrial Application and
Engineering Science research group;
? the evolution and revolution of 		
monozukuri research;
? research for development for
monozukuri;
? three scientific tools and professional
intuition (craftsmanship) for
monozukuri;
? the computational method,
? Genchi-Genba, for monozukuri; 		
and
? Vortecone invention as an example
of team work monozukuri.
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Figure 1. TPS-based research for development of the (R4D) system
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(continued, page 2)

Toyota Research Partnership, (cont.)

Let me begin with introducing IAES
(Industrial Application and Engineering Science at the University of Kentucky) and our operational principles
that connect us to each other in relation
to monozukuri research. The name,
Industrial Application and Engineering
Science, reflects our group’s philosophy.
We are the engineers’ group that can
solve industrial problems using scientific
principles and methods, and deliver
value-added solutions to customers.
IAES was formed in 1999 to cope with
ever increasing demands on sponsored
research from various industries and
government agencies.
We have formed a team of international
experts who can cover wide areas of
research because no industrial problems
are alike. Teams of researchers who have
diversified areas of expertise can better
solve industry’s projects than teams
of researchers who share the same expertise because industry’s problems are
open-ended and nothing like textbook
problems, which guarantee that one
correct solution exists for each problem.
Solutions to industry’s problems will be
evaluated by the cost, implementation
timing, and the resulting quality of
improvement that the solution can
render.
Three types of talent are required to
conduct new-product development:
? individual talent for basic research,
? teamwork for projects, and
? human relationships for marketing.
Industry’s problems may be categorized
into two types. The first is the short term
project in which a quick solution is
supplied to help industry with day-today operations while the second, the
long term project, requires a major improvement or even a transformation in
operations. Both short term and long
term projects require solutions that
add value to a company’s products or
processes. At IAES, we work together to
find the value-added solutions that help
a company reduce costs and improve
quality. Figure 1 depicts the system
IAES uses to solve industry’s problems,
adopted from the Toyota Production
System in automobile manufacturing.
Although IAES can conduct both short
term and long term projects, our strength
is our ability to create new ideas that can
bring fresh and even revolutionary
solutions to long term problems.

is implemented, can influence the landscape
of the entire forest.
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Figure 2. Research for development function theory (see also
our web site: http://ptc.engr.uky.edu ).

Evolution and
Revolution in Research
Technology development can be either
slow and evolutionary or abrupt and
revolutionary. Kaizen is an example of
the first and research breakthrough is
an example of the second. Figure 2
illustrates typical progress in technology development as a function of time,
where evolutionary progress is made by
the continuous improvement of Kaizen
and revolutionary progress is made by
major breakthroughs in research.
The solution for the short term project is
usually a result of Kaizen effort, while
the solution for the long term project
often requires revolutionary thinking
and solutions. There may be several
factors that can contribute to technology
revolution. Among them, two major
factors are to look at problems in nontraditional ways and creating new ideas
to find solutions. The second is to look
at the problem from the generalist’s
point of view. To take the fresh-look-at
approach, we must have scientific curiosity: “Ask why things are,” as well as
engineering creativity: “Dream of things
that were not and ask why not.”
To have the generalist’s viewpoint,
researchers must have a wide range of
knowledge in science and engineering.
Researchers with this broader scope of
knowledge can see the entire forest before identifying the problem in individual trees. This global view will help to
see how the obtained solution, when it
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Research for
Development
(R4D) and
Monozukuri
There are two approaches of conducting
research to develop
technology: Research
and Development
(R&D), and Research
for Development
(R4D). As the name
suggests, there is no
clear linkage between
“R” and “D” for R&D,
thus increasing a hidden risk of disparity
between the research
and resulting development. When mismatches occur, precious
resources and time
are wasted.

Under R4D, as the phrase indicates,
research is performed simply for technology development. This simple principle
often is difficult for academicians to
follow because academic researchers
are accustomed to conducting research
based on their interests, which can help
develop their academic careers, but
may not directly help solve industry’s
problems. Another inhibitor can occur
because academic researchers are reluctant to step out of their narrow research
territory due to the American university
system of evaluating faculty performance
in research publications where in-depth
knowledge is emphasized and wide
breadth of knowledge is not rewarded.
Industry’s problems, however, require
the breadth of the generalist view because many inventions and technology
breakthroughs were made by shifting
paradigm from one area to the other.
Another important element in R4D is
teamwork. According to Emori (1998),
the R&D approach is the typical result of
a multi-disciplinary team where all members participate by contributing their
expertise, but where a true integration as
a cohesive single team is never achieved.

Engineering Education
for Monozukuri: Three
Scientific Tools and
Professional Intuition
To effectively conduct research and
technology development, we conduct
experiments (both full scale and scale
(continued, page 3)

Toyota Research Partnership, (cont.)
model), evolve theory, perform computation, and use professional intuition.
Readers may be familiar with the first
three traditional tools, but not the fourth
one and may require some explanation.
The fourth tool is not well known to
scientific communities, although it
has been used for years by scientists,
engineers and skilled craftsmen. I call
it Kufu, the term that was used by D.T.
Suzuki in his book: Zen and Japanese
Culture. The following provides some
background information on how
kufu (professional intuition) plays an
important role in the breakthrough and
discovery processes of scientific research
and technology development.
“The term kufu is the most significant word
used in connection with Zen and also in the
fields of mental and spiritual discipline.
Generally, it means ‘to seek the way out of
a dilemma’ or ‘to struggle to pass through a
blind alley.’ A dilemma or a blind alley may
sound somewhat intellectual, but the fact
is that this is where the intellect can go no
further, having come to its limit, but an inner
urge still pushes one somehow to go beyond.
As the intellect is powerless, we may enlist
the aid of the will; but mere will, however
pressing, is unable to break through the
impasse. The will is closer to fundamentals
than the intellect, but it is still on the surface
of consciousness. One must go deeper yet, but
how? This how is kufu. No teaching, no help
from the outside is of any use. The solution
must come from the inmost. One must keep
knocking at the door until all that makes one
feel an individual being crumbled away. That
is, when the ego finally surrenders itself, it
finds itself. Here is a newborn baby. Kufu
is a sort of spiritual birth pang. The whole
being is involved. There are physicians and
psychologists who offer a synthetic medicinal
substance to relieve one of this pang. But we
must remember that, while man is partially
mechanistic or biochemical, this does not by
any means exhaust his being; he still retains
something that can never be reached by
medicine. This is where his spirituality lies,
and it is kufu that finally wakes us to our
spirituality.”
Kufu is a source of imagination and
creativity; to know how to master Kufu
means to know how to educate students
and engineers to be creative. However,
Suzuki says that unfortunately no
teaching and no methods can help to
master the secrets of kufu, because
technique is secondary in mastering kufu
and each student and engineer must
struggle to develop his or her own kufu
from within. Once they have mastered
their own kufu in engineering, they become masters of engineering. This
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Figure 3. Comparison
between Western mode
of logical thinking vs.
Japanese Kufu

is exactly why Professor Emori said in
his famous book on scale modeling,
“professional intuition is the best tool in
engineering.” Taiichi Ohno, one of the
fathers of the Toyota Production System,
reminds us that “If you look up the
word ‘engineer’ in an English dictionary,
you might find ‘technologist,’ while in
Japanese, its meaning uses the character
for ‘art.” A schematic showing characteristics of Eastern culture, on which
professional intuition is based, is shown
in Figure 3, compared to characteristics
of Western culture on which scientific
methods are based.
A skilled craftsman can design parts
or fix problems based on his/her
experience and professional intuition
with scientific reasoning and understanding. His/her experience and
know-how can help solve problems.
Three scientific methods: theory,
experiment and computation, can help
us to understand why the craftsman’s
solution worked for a particular problem,
but may not work for other problems.
Here again, the craftsman’s role is the
same as the engineer’s role in creation
and problem solving, while a scientist’s
role is needed here to understand why
the solution worked.
Both engineering and scientific
functions are required when industry
wants to develop an effective continuous
improvement system. It would be
beneficial for industry to have these
two functions in its organization.
However, the scientific function often
finds difficulty in justifying itself to company budgets. On the other hand, the
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KUFU

(Advanced form of intuition
and the foundation for
the Japanese craftsmanship)

university can be an excellent source for
the company’s scientific function.
There are two types of university
research: curiosity-driven basic research
and purpose-driven applied research.
R4D is a good example of applied research, as we discussed earlier. It would
be short sighted, however, if university researchers only conducted R4D
research by staying inside the boundary
determined by a well focused R4D plan,
and ignoring curiosity-driven basic
research. History has proven that many
inventions were made by looking at the
same problem from a different point of
view. A good balance between basic research and applied research, therefore, is
clearly needed for a university researcher to effectively solve industrial problems. Successful university-industry
collaboration on research is like growing
a fruit tree; basic research is its roots,
R4D is the branch to bear fruits, and
interdependent relationship is the trunk.
Part two of this article will appear in the
next issue of Energiea.
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