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If you remove the letters “lle”
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leaves “change.”
The title of this publication
reflects the change which
comes about through challenge,
which is the aim of TIC and the
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The Technology and Innovation Center (TIC)
opened in November 2015 to conduct research and
development founded upon the Three Concepts of
creating products of dreams, differentiated technology, and new value. We are calling for outstanding
talent from around the world to join with us in this,
starting with theme creation. Fortunately, we have
attracted the attention of research institutes, people
in technology, and other companies both inside Japan
and abroad.
Regarding the specifics of our activities, the only
response is that there is no limit to the number and
aims of our potential themes. Just because we are an
air conditioning manufacturer, it does not limit our
activities to this. With our global partners, we hope to
accumulate many topics, striving together towards the
goal of new value creation. In other words, collaboration through open innovation.
One example of this is expansion of service solutions through the Internet of Things (IoT) whereby
devices are linked via the Internet to produce new
value. Using the example of air conditioning, while
the current focus is on the removal of harmful

substances from the air, such as pollen, we would like
to deliver added value to the air space. We want to
reconsider air conditioning from the perspective of
buildings. Asking questions such as “How is the air
in the bedroom which produces the world’s greatest
sleep?,” “What type of air space is needed in hospitals?,” and “How about offices?”
The Technology and Innovation Strategy Office is
the window for TIC’s collaboration. TIC has a branch
in Silicon Valley, in the United States. Based upon
diverse research, we are driving collaboration with
overseas partners from countries including the U.K.,
Germany, and China. Daikin takes pride in being a
global company. It is a company where people can
speak their minds freely. Our threshold is low. Consider a visit to TIC. Let’s do this together. D

Yu j i Yo n e d a
Born in Hyogo Prefecture in 1963. He joined Daikin in 1987 after graduating
from the Agricultural Engineering Department in the Faculty of Agriculture,
Kyoto University. He became a Senior Executive Officer in 2014. He has held
his current position following roles in the A/C Manufacturing Division.
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Ei-ichi Negishi
Awarded the 2010 Nobel Prize in Chemistry
Born in Changchun city, Jilin Province, China, in 1935, he attended Kanagawa Prefectural Shonan High School before entering the University of Tokyo. After graduating in 1958 with a Bachelor of Engineering in applied chemistry, he joined Teijin, Ltd. In 1960, he won a Fulbright
Scholarship and commenced studies for a Ph.D. degree at the University of Pennsylvania. Since 1999, he has been a Distinguished Professor in
the Herbert C. Brown Laboratory of Chemistry at Purdue University. He also has honorary doctorates from the University of Pennsylvania and
the University of Tokyo. He has lived in the United States for 50 years, and is married with two daughters and four grandchildren.
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Congratulations on the inaugural issue of Challenge from
the Technology and Innovation Center. It is wonderful that
this magazine has been established to bring together over
700 R&D engineers in one place for exchange that goes
beyond the borders of their respective fields, boldly facing
change and encouraging one another. I am honored to be
able to witness this development as a Fellow. I hope that
Challenge can act as a cutting-edge medium for interaction
both inside and outside the company and can contribute to
further innovation.
Since I was awarded the 2010 Nobel Prize in Chemistry,
many people have asked how they can become like me.
However, I didn’t have any special education as a child, and
I wasn’t ever thought of as a genius. If anything, I was pretty
misbehaved. These days, I appreciate art and music, but in
my elementary school days, I never submitted a single drawing or piece of handwriting practice. My drawing teacher
was disgusted, and even asked my homeroom teacher what
my other grades were like.
I wasn’t bad at studying, but I just had no interest in it. I
don’t recall ever being told to study by my parents, and after
school, I spent my time absorbed in gathering food for the
rabbits and chickens my father kept at our home in Minamirinkan, Kanagawa.
I faced several turning points during my life. However, the
change which had the biggest impact on who I am today was
when I suddenly opened my eyes to studying, around the
time I entered Shonan High School.
In my first year, my results placed me 123rd out of 400
students. Each year, around 40 students from the school
were accepted to the University of Tokyo. Of course, this
would have been impossible for me at that level. But, I realized that if I could get to 123rd place without even studying,
I might get into the University of Tokyo if I applied myself.
I was struck by the realization that although there were 100
students ranked above me, there were more than 200 below
me. This changed my life. I resolved to enter the University
of Tokyo and applied myself to preparatory studies. I went
to school an hour early each morning, studied in preparation for that day’s lessons, and read encyclopedias and so on.
Subjects I hadn’t cared about suddenly became interesting,
and by the end of the first term of second year, I was ranked
ninth place. From then until graduation, I was mostly placed
at the top.
You would think that I would have been happy, but that
wasn’t necessarily the case. Once you reach the top, it’s

actually quite tiring. People are quite strange, worrying what
would happen if they failed, and this pressure is almost overwhelming. On the day of my university entrance exam, my
health was awful, and I felt depressed—I was certain that I'd
failed.
Even after I entered the University of Tokyo, it wasn’t
all smooth sailing. I suffered a gastrointestinal disorder in
my third year and was unable to sit all of the end of term
examinations, which meant I had to repeat the year. Every
day I read from dusk to dawn, everything from the Bible, to
novels and how-to books. This wasn’t actually good for my
immediate progress. However, in spite of my distress, reading provided me with a respite which allowed me to seriously
consider my life goals.
A turning point can come during times of worry and
suffering. If you have no troubles, there will be no turning
point. Behind a negative there is always a positive. I discovered this and transformed it into my strength. This is how
we are tested at times of major change.
I’ve heard that many engineers at TIC were conflicted
about the move to Yodogawa. I expect that some of you
experienced confusion and anxiety like I felt when I first
went by myself to the United States. In the “New World” of
the United States, I learned about Humanism. I believe that
this is akin to valuing other people. In order to value other
people, you need to be sure of yourself. Similarly, I believe
that collaboration is only possible when you have an unshakable foundation for your own research. In my early 20s,
before I went to the States, I barely knew the basics of
organic synthesis. But as much as I sensed my inadequacy, I
applied myself to my studies. New dreams come when we
are in a new location. And having dreams is important. It is
my hope that young Japanese engineers can fulfill each of
their dreams. D
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Passionate reflections 10 years since the idea was born

TIC: An Incubator of Dreams
The Technology and Innovation Center was built from an idea put
forward in 2004 on the 80th anniversary of Daikin. It has not all
been smooth sailing though. Four of the central figures throughout
construction offer their thoughts on the project.

Technology and Innovation Center
Deputy General Manager

Katsumi Kawahara

Born in Osaka Prefecture in 1964, he joined
the Machine Technology Research Laboratory at Daikin after graduating from the Metal
Materials Engineering Department of the
School of Engineering, Osaka University. Later,
he worked in areas including the Machinery
R&D Strategic Office, and the Air Conditioning
Development Planning Office before his appointment as Head of the Promotion Office for
the Technology and Innovation Center. He has
held his current position since November 2015.

Azuma: It’s been 10 years since the
idea of TIC was raised. Please tell
us about the background to TIC, and
what excites you about TIC.
Kawahara: The proposal came from
Noriyuki Inoue, the current chairman, in 2004, which was the 80th
anniversary of Daikin’s establishment.
Daikin had grown under the motto
Sincere and Strong, but the Research
and Development Division wasn’t
always blessed in its budget, facilities,
or offices. Its facilities were divided
between Shiga, Sakai, and Yodogawa.
Mr. Inoue suggested that it was
about time the company built a large
research center. Under instruction
from Kunikazu Torikoshi, a director
responsible for research (presently
corporate advisor), and the Corporate Planning Division, we began to
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investigate into other companies, and
started to consider the basic concept.
Oshima: That was how it was until
2009.

During those 10 years, we
faced a lot of management
issues beyond our control
K: It was a long period of preliminary
investigations. Those 10 years saw
major management decisions including the global financial crisis and
our acquisitions of OYL and Goodman, so the construction of an R&D
center wasn’t a top priority. Oshima,
who was involved for the longest, said
at one point that he’d had enough
(laughs). It’s typical of Daikin to
spend a long time in consideration,
but it turned out better as a result.
A: Why did you say that you’d had

enough?
O: There were too many factors
outside of our control. For example,
we couldn’t have succeeded in those
acquisitions if we’d missed that
timing, but an R&D center wouldn’t
have had an immediate impact on
results whether we constructed it in
that year or the next. I was stressed
because of things such as staff opinions and the precision of the investigations, which were beyond my
control.
K: I joined around the fourth year as
head of the division overseeing the
concept. I was motivated to get things
done no matter what. Although it was
hard, I could see that progress wasn’t
being made, so I decided to make
more suggestions, overcome objections, and make progress.

Tani: I attended a lot of meetings as a
secretary for the director responsible,
but because I’m not an engineer, I
wasn’t sure what I could do.
K: Ms.Tani was the only person who
put herself forward to join.
Suzuki: I also joined around 2011,
when it was still at the stage of basic
planning of the building and the basic
concept.
A: Even just the idea that an R&D
center was needed was ground-breaking, wasn’t it?
T: At that time, it was probably only
Omron who had one.
K: Around the time of Japan’s economic bubble in the 1980s, we established the MEC research center in
Tsukuba, with the aim of diversifying
operations and creating new business,
but it was positioned as a central
research facility, and its work wasn’t
strongly related to the mainstream
air conditioning and fluorochemical
businesses. Creating a large R&D
center in the vicinity of the company’s
key bases of Sakai, Shiga, and
Yodogawa was big news. It attracted
a lot of attention due to the extremely
large impact it would have, including
having to move.
S: I was involved as construction
supervisor. The role was to actually
carry out the construction with a
sense of speed, including budget management.
K: All the while, I keep making tough
requests (laughs).

A “Building of Dreams”
sounds good, but you
need to cut costs too
S: (laughs) Usually a research center
is focused on laboratory facilities, but

Reporter for "Symposium"
Technology and Innovation Center
Chief Editor of Challenge

Kenichi Azuma

His motto in
his daily work
is that curiosity
and relationships based on
trust are the engine that drives
collaboration.

I don’t believe there’s anywhere that
has such a broad focus of creating
new things as TIC. This was central
to our concept, so the building is very
large. That’s why it’s called a “Building of Dreams.” But I joined when
that concept was already in place, so
I only thought about how much such
an enormous building would cost
(laughs). I suggested that the scale be
reduced, or that we could build it on
a smaller budget, but Mr. Kawahara
disagreed with me, insisting on its
importance.
K: Those of us working mainly in
research wondered how we could suddenly handle open innovation. That
was the general feeling.
S: It was difficult to convince people
that this was the very reason a place
like this is necessary.
T: We did a sort of behavioral observation, which was the first time we
interacted with people in various
divisions, visiting their work sites to
see how they worked. We had heard
rumors that they had different work
environments, but it was at that time
that we first felt it.
O: I was in a full-time role from 2005,
but it became a project in July 2012.
After Mr. Kawahara became responsible for driving the project, he ramped
it up. I think he felt it would be
impossible to achieve through regular
means.
K: When I joined, it became the
Daikin Technology and Innovation Center Promotion Department.
Later when it became a project, our
current president Masanori Togawa
became project leader, and all of the
technology-related directors worked
under him. Then the Promotion
Office became the Preparation Office.
The biggest change after it became a
project was that the president became
the leader, and all directors overseeing technology became members.
A: Basically, it became serious.
K: Yes. First was the decision on
location. Next we had to decide the
scale of the divisions and their roles.
That was how we decided how many
of our nearly 2,000 engineers to bring
together. We had proposals both
large and small, so the discussions
took quite some time. Suggestions
were made to bring together more

Technology and Innovation Center
Industry-Government-Academia
Collaboration Team

Mitsuru Tani

After working in the Production Technology
Center and the Air Conditioning Technology
Research Center, she joined the Building
Construction Project in the Technology and
Innovation Center Project Department in
2012 as office subcommittee leader. She has
been in her current role since 2015.

Facilities Division
Planning Section Chief

Tomohiro Suzuki

He joined Daikin in 2006, working in the
Engineering Department of the Chemicals
Division. He was assigned to the Facilities
Division in 2011, and has been involved in
building as the person in charge of TIC’s construction.

Technology and Innovation Center
Technology and
Innovation Strategy Office
Intellectual Property Section Chief

Hisanori Oshima

He joined Daikin in 2003. He worked in the
former Air Conditioning Research Center,
the Technology and Innovation Strategy Office, and the Project Office before starting in
his current role.
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Discussions continued for two
hours in the Chi-no-Mori shared
space on the third floor of the
office building. Each person
fulfilling their roles, through
both troubles and solidarity,
enlivened the conversation in a
friendly way.

than 1,500 people, which was nearly
everyone. Other proposals were for
a scale of 300 to 400 people. Finally
we decided to start with around 700
people. We also decided to create
something that wasn’t just a research
center, but to combine it with
advanced development from business
units. Our unique feature was that
we began as a mix of lots of different
groups. We were in harmony, adopting a lively work style.

New things come from the
wisdom of diverse people
K: I believe that the innovation in
our company isn’t the kind where one
person stands out and wins a Nobel
Prize, but rather where a range of
people come together and contribute
their knowledge. We lack potential
in this area. For this reason, rather
than placing those talented in basic
research or product development in
separate divisions, we should bring
together different people to create
lively discussions, and even arguments, which is sure to result in
technology and products that are both
unique and good.
A: This liveliness is expressed in the
Japanese word waigaya .
K: Exactly. Liveliness is our foundation. Our corporate culture is based
upon a diverse range of people engaging in lively discussion.
A: Why was this location chosen?
K: There were several proposals, including Sakai and Shiga, or
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purchasing land along the KyotoOsaka-Nara or Tokaido train lines.
Mr. Oshima was responsible for this,
and searched extensively. But buying
new land would have required a larger
investment. Others wanted it built
alongside a plant. Yodogawa is located
in Kansai half-way between Shiga and
Sakai, and is the closest site to our
headquarters. It has a firm tradition
of interaction between the different
corporate cultures of the Fluorochemical, Oil Hydraulic, Defense System,
and Large Air Conditioning businesses. This had a very strong affinity
with the TIC concept, and also was
a location closely connected with our
chairman Mr. Inoue, so there was a
strong feeling that this was the right
place.

O: Purchasing land outside of the
company would have increased spending. We decided against this because
the outlay outweighed the merits.
K: There was talk of transferring
Sakai to the Rinkai industrial belt to
enable 24-hour operation, but Shiga
is already in an industrial park, so we
had a location with 24-hour potential.
Both Rinkai and Shiga have great
potential to prosper as plants, so we
thought we could conduct various
business with the R&D center by
bringing TIC to Yodogawa.

Exhausting all the options
to find the best one
K: The president of Daikin believes
in exhausting all the options to find
the best one. There is a risk that if

■ Display of environmental conditions directly linked to R&D

We made detailed designs for energy-efficient office spaces in order to make the energyefficiency and comfort of air conditioning immediately visible and allow feedback to
the development team. Temperature, humidity, and a CO2 density sensor are digitally
displayed on a 4.5 x 9 meter screen, sharing the environmental conditions and energy
consumption of the office in real time.

Earthquake occurred in 2011, and
the project came to a standstill for
nearly six months. Later when it was
restarted, we started to consider a
more realistic shape, and the design
was changed.
A: The earthquake changed that?
S: It had an impact. We had about 20
options to deliberate on.
K: We were insistent on building
something new. The management
side didn’t want us to build something
gaudy that would attract global attention as excessive. They said it should
express the strength and sincerity of
Daikin. Their opinion was that a rectangular shape would be most efficient.
O: Because there’s no dead space in a
rectangle. My main thought was, “Can
we make it cheaply?” (laughs).

a subjective decision is taken, the
choice will be made without considering counter-arguments. So we decided
to consider all of the proposals first,
and then choose the best one from
among them. We considered the
advantages and drawbacks of a small
research center or of a development
center that brought everyone together,
and also how the people transferred
there would feel, and whether they
could work happily. We also considered their relationships with those
who remained in Shiga and Sakai. We
deliberated on the pros and cons of
various aspects.
A: What is TIC’s role?
K: It is the core R&D location for the
global Daikin Group. We have eight
R&D centers globally, and are shifting

Waigaya Stage

Rumination Room×4

Rumination Booth×10

Project space
Concentration rooms and project spaces on the fourth floor below the Waigaya
Stage. A location to speed up thorough discussion and pursuit of ideas gleaned
at the Waigaya Stage.

product configuration development
overseas. But this is a technology
development center, and we have
consolidated product development for
mother-model machines which are
used around the world. Our intention
is to awaken the next line of innovation.
S: Initially, the building was to be
shaped more like a spaceship (laughs),
so it’s surprising to see it now.
O: We used a lot of circular shapes.
S: The suggestion we followed most
keenly was to create a shape that
would be unique worldwide. A shape
that would be a conceptual symbol
for us. It was designed to be unlike
any other research center in the
world.Then, the Great East Japan

K: He hates gaudiness (laughs).
O: I had to apply for budgeting, so I
was always wary about the financial
aspects. I wanted to achieve the best
result possible without overspending.
Sorry if that isn’t “dream-like” enough
(laughs).

the laboratories bigger. I insisted that
we wanted to make a new building, a
new space, and a new style of working, and I did just that despite complaints that it was expensive (laughs).
S: The most important factor in deciding the shape was the offices. Because
there would be 700 people, the most
important issue became how everybody would be able to interact, and
this decided the shape. Because floor
space was limited, the simplest idea
was that if we could get 700 people in
one area, this would create the most
interaction. We debated suggestions
on whether it would be better to have
two or three areas, and finally decided
that having two areas would be the
most functional and would allow the
most interaction. Creating an openceiling space between the two floors
helped create an office where everyone could see each other at all times.
We then designed the other areas and
laboratory facilities around this main
area.
T: We adopted a “30 meter” concept.
This was the idea that the work areas
would be no further than 30 meters
from the central Waigaya Stage. We
incorporated the theory of Thomas
Allen from Massachusetts Institute
of Technology (MIT) who said that
interaction gets harder when people
are more than 30 meters apart. As
for the open space between the two
levels, people’s psychology changes
from climbing one floor of stairs to
climbing just half a floor. It’s important that the place you want to go or
the person you want to talk with is
nearby. People can’t be bothered to go

The central Waigaya Stage
—New themes through
interaction
K: Mr. Oshima’s strength is that
he has an on-site approach and is
strong and sincere. The main lines of
thought were that a laboratory didn’t
need such an elaborate building, or
that it would be enough to just have
laboratories. Otherwise, we could
make the office spaces smaller and

Oshima drew a laugh when he apologized for always asking a lot, but without
spending anything.
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Symposium
upstairs just to see somebody. That is
why we think the present construction
is good.
O: To fit all 700 people on one floor
would require 60 meters × 120
meters. Then there would be less
communication from one end of the
building to the other.
T: The Waigaya Stage is central.
We wanted to produce new themes
through interaction and discussion
between each division. The concept
came from deliberation at the Office
Section Committees with engineers

Waigaya Stage, we created places for
solitary thinking. There is a theory
that people easily lose their ideas
when they move around, so we created these spaces to be close enough
to avoid this.
A: It also wouldn’t be good if people
lost concentration.
T: We aimed for visibility in everything, so we also thought that each
step of people’s work should be seen.
This makes it easier to exchange
information, and seeing other people
working provides encouragement.
K: We got used to it quickly. In just
two or three months, everyone felt
like that had always worked there.
T: You get the feeling that our corporate culture allows everybody to use
the space as they see fit.
S: At first there were a lot of complaints. Lots of people said it was
unnecessarily large, or that they
couldn’t concentrate. In particular,
people said they could hear others
talking on the Waigaya Stage and
couldn’t concentrate in meetings. But
now they use it a lot.

Kawahara commented that Tani was the
only one who put herself forward to join
the project.

Researching and
producing results together

8
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Human Knowledge

Measurement
From ancient times to the present.
As the concept and methods of measurement have advanced,
new doors have opened in the world of science.

British Museum

from each division who agreed that
actually being visible to others and
seeing others would offer encouragement. The question was how more
people could take up an opportunity
on a level-playing field. By operating
in an open environment, it would be
possible to attract interest between
divisions which hadn’t previously
been related. We wanted it to become
a space that would involve more
people in order to create more opportunities.
K: “Open” is a theme of this generation.
T: Until now, we hadn’t had a space
where we could collaborate and share
our own knowledge. We didn’t even
have many conference rooms. Taking
the initiative, we created spaces with
diverse functions, for example places
where standing discussions could
be held, and spaces for briefings.
We changed the way we work so we
could move into our own space and
work in line with our aims. Below the

A: Daikin focuses on a sense of unity,
and has made this a reality. By creating a space which could achieve that,
we can better exercise our strengths.
K: Because Sakai and Shiga are separate, meetings needed appointments
and two hours travel time. It’s great
that we’ve created an environment
where those people are sat next to
you.
S: It is big.
K: The ethnographic research during
the early stage was good. Professional
office inspections found characteristics that we were unaware of. They
told us that rather than holding formal
meetings in conference rooms, we
were more likely to hold discussions
between two or three people in front
of a whiteboard. Basically, we were
more inclined toward lively chats
rather than meetings. The Waigaya
Stage is a larger version of this. I
think we are able to make the most of
our corporate culture there. We can
maximize work in our fields while
collaborating with others. Nothing
new is produced without that. Using

the space changes our awareness. It
gives birth to collaboration, positive
action, and ideas.
O: The number of people involved in
iCafe also increased.
K: Interacting with different types
of people created fusion between
Daikin engineers from different fields.
In the future, we hope for interaction with people in humanities, sales,
and marketing. It would also be good
to interact with overseas staff and
researchers in unrelated advanced
fields.
A: What will you entrust to TIC next?
K: Open innovation is a Western style
business model where it’s considered
more effective to purchase external
technology outright. Japanese companies including Daikin don’t have such
a culture. However, the principle of
self-sufficiency is no good either. We
have taken the first step towards open
innovation by attempting collaborative innovation. When people from
different fields inside the company
cross barriers to interact, we can
produce products with a high level of
technology. We also aim to bring
people from outside of Daikin here in
the same way to mingle, think of
themes to tackle, and then research
and produce results together. This
point summarizes everything. Fusion
is progress in Daikin. But working
together with external parties on
innovation is difficult. There are
several barriers. But I believe the
success of TIC rests upon the results
we can produce in this area. D

Special
Feature

Civilization has flourished where people have gathered together,
and the tools and technologies for measurement have advanced to
meet their needs.
Measurement ranges from visible objects and ranges to things we
cannot see, such as time, electricity, and air.
The progress of civilization has always taken place alongside that
of measurement.
The above scene, “Ani’s Judgement,” from the Book of the Dead,
Papyrus of Ani (circa 1250BC, housed at The British Museum),
depicts the heart of the dead being weighed against an ostrich feather,
a symbol of truth in ancient Egypt, to measure its good or evil.

The theory behind the
Vitruvian Man

Humankind Has

Advanced through

Many Different Types
of Measurement.

The Collection of
National Palace Museum

The first Qin Emperor tried to unify
the country through measurement
standards
Measuring instruments of varying sizes were used in
different regions throughout the land, but the first Qin
Emperor unified them. This photograph shows the
oldest such device in existence, the new Jialiang (lit.
auspicious measure), which dates from the Han period,
and is housed at the National Palace Museum in Taipei.

Measurement technology advanced
in close relation to advancement of

Scales used to measure good
and bad deeds
In Europe, many churches have statues of the
archangel Michael holding a set of scales in his
hand. In Hebrew, Michael means “Who is like
God?” His role was to communicate people’s
Judgprayers to God, and to stand in the Last Judg
ment to determine the good or bad of a soul.

Ancient weights weighing 10
grams or less
Because scales were used in many places around
the world from ancient times, weights of various
sizes have been found in historical ruins. One
unit of measurement used dating back to the time
of the first Qin Emperor weighs 16.14 grams. It
is not known what it was used for, but in Japan,
even smaller weights have been unearthed.

10
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The master and servant relationship
came with the development of society. Taxation systems were crucial to
maintain this. In order to thoroughly
implement a tax system, it was necessary to measure the area of fields,
and the volume of harvest, as well as
the number of people in each family
and the total population. It was also
important to know when fields would
be cultivated, seeds sown, and crops
harvested. Units of measurement and
counting were needed for this, and
many of the units which were first
used were primitive systems based
upon the human body, such as the
length of human hands and feet, and
the length of a stride.
In ancient Egypt and the Levant,
for example, they realized that the
length of shadows changed with the
movement of the sun, and placed
poles in the ground to measure the
time. They also based the unit known
as the cubit on the length between
the elbow and the tip of the middle
finger when the elbow was bent.
Meanwhile, the unit known as a foot
used in ancient Rome was based on
the length of a foot, measured on the
sole from the heel to the toe.
Naturally there were differences
between these measurements depending upon the person, and discrepancies arose. Measuring devices were
created to eliminate this. In ancient
China, during the time of the first
Qin Emperor (enthroned in 246
B.C.), a system of weights and measures was promulgated. The emperor

ademia

Scales were tools not only
to measure objects, but
also souls

civilization. For example, scales based
on the principle of the lever were
already in use in Egypt by approximately 4,000 B.C. They were not
simply used to compare weight, but by
using fixed weights, it was possible to
measure the mass of objects. Consequently, they spread as an essential
tool for trade, manufacturing, and
research.
Scales were a tool that were widely
used in places such as Greece, China,
India, and of course Japan. However,
from the ancient Egyptian times
through to the Christian Middle Ages,
they were also thought of as a tool for
measuring souls. Measuring the soul
meant to measure a person’s good and
bad deeds based upon the belief in
judgment after death as to whether
they would be sent to heaven or hell.
The concept of a Last Judgment was
not limited to western civilizations,
but is also depicted in many pictures
and carvings in the east. This way of
thinking led to the scales becoming a
symbol for justice and righteousness,

Ancient measurements
were based on the human
body

dell' Acc

homes. The first homes were simple,
but in time, they began to gain greater
knowledge for stronger homes, such
as using pillars equally spaced apart.
It is thought that this is what led to
measurement of length. Furthermore,
the construction of homes led to the
formation of communities, or societies, creating the need to exchange
goods or give gifts, which led to the
concepts of numbers and amounts.

and was later adopted as an emblem
for courts.

Galleria

There are many different types of
measurement. Since ancient times,
humans have measured different
properties, such as length, surface
area, volume, and time. But what did
people first want to measure and why?
What was the result of this?
Humankind first appeared some five
million years ago. From three million
years ago, they made stone tools, and
from two million years ago, started
to distribute and exchange food
obtained through hunting and gathering, leading to the gradual development of civilization. Around 12,000
B.C., humans stopped living nomadic
gathering lifestyle and began to build

Vitruvius, an architect in ancient Roman
times, wrote about the balance of the human
body. He wrote that the width of the palm of
the hand was equivalent to four fingers, and
that the width of the shoulder was one quarter of a person’s height. Leonardo da Vinci,
the genius of the Renaissance, believed that
symmetry was important in building chapels
and other buildings, and discussed the importance of the correct expression of length in his
diagram of the human body.

standardized the units of currency
and measurement. He created the
Jialiang, which became the standard
for measuring length, weight, and
volume, and distributed these across
the country. This system of measurement became the standard for construction, leading to the building of
structures such as the imperial court,
mausoleums, and the Great Wall.
In around the third century, the

Roman Empire, which expanded
throughout the entire Mediterranean
region including Egypt and the
Middle East, not only had superior
military strength, but also displayed
its power through the construction of
large edifices, waterways, and roads,
exploiting its system of measurement.
The advanced measurement technology possessed by the empire was
essential in maintaining its power. D

God created everything
by number, weight,
and measure.
Isaac Newton
Philosopher, natural philosopher, physicist,
mathematician, and astronomer. By the age of
25, he had succeeded in introducing the law
of universal gravity, discovered infinitesimal
calculus, and analyzed the light spectrum.
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With the development of new technology, international systems of units
were defined, such as the volt for voltage, the ampere for electric current,
the tesla for magnetic flux density,
and the candela, lumen, and lux for
light.
Multiple international systems
existed, such as for temperature. Celsius is the standard unit used in daily
life in Japan, whereby the temperature at which ice melts is set as zero
degrees Celsius, and the temperature
at which water boils is set as 100
degrees Celsius. However, in the field
of thermodynamics, the Kelvin is
used to measure absolute temperature.
This defines zero as the temperature
at which all thermal motion of atoms
and molecules ceases. It was introduced in the 19th century by physicist
Lord Kelvin (William Thomson).
Such measurement technologies led

The Metre Convention was
an achievement of French
diplomat Talleyrand-Périgord
The metric system was based upon the decimal system,
was easier to understand than yards and feet, and was
logical. It quickly became established in daily life after its
introduction, and also contributed to scientific progress.

The Great Global
Transformation in
Measurement that
Began in the 18th
Century
Just as the first Qin Emperor
created the Jialiang measurement
system, the West attempted to unify
measurement standards. However,
even into the 17th century, systems
varied throughout the world. Different
systems of measurement, such as the
yard, the pound, and Japan’s shakukan system, were used in each country. In some cases, different weights
and measures were used according to
region or profession within the same
country. The standardization of units
was even a cause of conflict, making
trade difficult, and impeding advancement in the fields of science and
industry.

One meter is 1/40
millionth of the
circumference of the Earth
France was active in promoting the
need for a shared system of measurement for all countries. The French
monarchy fell with the French Revolution in 1789, and civil society headed
towards modernization. There was
an increasing opportunity to adopt a
more rational system of measurement
based on the metric system to replace
units of measurement such as yards
and pounds. Winds of change swept
the world with the Industrial Revolution in Britain and the American
Declaration of Independence.
In France, scientists and politicians
united to measure the size of the

12
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Measurement was also essential in the
Industrial Revolution
The Industrial Revolution, which occurred from the mid18th century through to the 19th century, was also considered a manufacturing revolution. It was epitomized by cotton manufacturing technology, growth in iron production,
and the invention of steam-powered boats and trains. None
of this could have been achieved without the advancement
of measurement technologies.

Earth over the six years from 1792 to
1798. To achieve this, they carefully
measured Paris meridian, a distance
of 1,100 kilometers between Dunkerque in France and Barcelona in Spain,
in order to deduce the size of the
Earth. They then defined a meter as
1/40 millionth of the circumference of
the Earth. The reason it was defined
thus was partially because it was close
to the length of the existing doublecubit (based on the aforementioned
unit based on the human body) and
yard.
Around the time when France
undertook this enormous task, in
Japan, Inou Tadataka, who retired at
the age of 50, began to study astronomy and geodesy. Between 1800 and
1818, he walked 35,000 kilometers to
measure the Japanese archipelago. He
completed his Great Coastal Map of
Japan, the first ever accurate map of
Japan.

Inou Tadataka’s map
was used in later
generations due to its
precision
The metric system was not established in Japan at that time, and
the standard for measurement
was the shaku, which measured
30.304 centimeters. This is a map
of Japan made in the Meiji Era
(1868–1912), based upon Inou
Tadataka’s map, which took 18
years to complete.

With the introduction of
the meter, the number of
international standard
units increased

Cl o

The Industrial Revolution and
establishment of the metric system

In 1875, French diplomat Talleyrand-Périgord helped to establish
the Metre Convention, which 17
countries entered into. The meter thus
became an international standard
for measurement. Japan joined this
convention, which now has over 50
participating countries, in 1885.
Once an international standard for
measurement was certified with the
meter, more scientists started to see
the need for the unified measurement
of various phenomena in the natural
world to achieve greater progress.
Natio
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Human Knowledge:

Measurement

machinery. This technology is used in
many devices essential to our daily
lives, including cars, elevators, and air
conditioners. D

to exponential increase of possibilities
through the use of microcomputers
and so on. Automated control and
operation based on measurement
results are now the basis of

When you cannot
measure [something]
. . . your knowledge
is of a meagre and
unsatisfactory kind.
William Thomson
Known as an authoritative pioneer in thermodynamics,
he introduced the concept of absolute temperature, and is
credited with discovering the Second Law of Thermodynamics (Thompson's Principle).

up

Measurement in Air Conditioning
Measuring room
temperature and
maintaining it at a
certain level

Indoor
air conditioning unit

Room temperature
Outdoor temperature
Refrigerant temperature

Measurement as a large control loop

Temperature

Overall air conditioning control

Revolution speed

An important factor in air conditioning is
constantly maintaining room temperature
at a certain level. A thermometer constantly operates inside of the air conditioner for
this purpose. Indoor air conditioning units
control the fan revolution speed and the
angle of flaps to ensure there is no variation between the temperature measured
and the set temperature. Similarly, outdoor
air conditioning units control the overall
unit while checking fan revolution speed
and the state of expansion valve opening.
Compressors are equipped with Daikin’s
unique inverter (P20) to measure electric
current. These measurements are used
to operate functions that maintain room
temperature at a certain level.

Indoor
unit fan
control

Indoor
unit fan

Angle Indoor

Flaps

A

unit ﬂap
control

Indirectly measuring pressure
Revolution speed

Outdoor
air conditioning unit

Indirect measurement
A Measuring pressure

Directly
measuring
temperature

Aperture

Expansion
valves
Compressor

B Indirectly measuring

B Measuring rotational

Outdoor
unit fan
control

Outdoor
unit fan

location

Voltage

Electric current

Expansion
valve
control
Air
compressor
control

Current measurement
Location estimation

Measurement as a small control loop
(in each system of measurement)

In the control system, sensors are usually used for measurements.
However, those are not always direct measurements. For example,
pressure sensors are not typically used in small-to medium-sized
Pressure sensor
Rotor position sensor
air-conditioners, although refrigerant pressure value is indispensable
Rotational
Refrigerant
Pressure
Motor
displacement
for air conditioner’s control system. In many cases, pressure value
Voltage
Waveform
is calculated based on the measured refrigerant temperature. As yet
sensor
analysis
Temperature
another example, for motor control, rotor position is indispensable.
sensor
Calculation
Voltage drop
Driving current
But rotor position sensors are not always used. In Daikin’s system,
Refrigerant temperature
rotor position is estimated in three steps: measuring the resistance
Calculation
voltage drop, calculating the electric current, and then analyzing its
waveform. A range of technologies and expertise are used to reach the necessary measurement using high precision measurement,
calculations, and analysis.
(measurement in two steps)

displacement

(measurement in three steps)
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Humans have measured many
things, from visible objects to things
we cannot see. One such unseen
force is electricity. A man who had a
major impact on the measurement of
electricity was the American Edward
Weston. At the end of the 19th century, around the time when Thomas
Edison invented the incandescent

The challenge of
measuring things such as
sleep and stress
Now, some 130 years since Weston’s
discovery, humans are endeavoring to
measure even more difficult targets.
One such area is the measurement of
the human psychological condition
and feelings. For example, Daikin is
tackling the measurement of stress.
This research began 15 years ago.
By combining a sensor to detect the
state of sleep in humans with air
conditioning, it is possible to control
the air conditioner temperature in
response to the state of a sleeping
person. We hope to thereby achieve
The electric measuring device invented by
Weston was groundbreaking, but with the
advancement of digital
technology, even more
accurate devices are
used today.

The idea began with life sensors for the ideal sleep

Daikin aims to create a comfortable environment, and also uses the office as a place for experiment and research. Various measurement
devices are fitted around the office to enable
visualization of the present conditions.

comfortable sleep. A tubular airpressure sensor under the bedding
monitors whether a sleeping person is
in REM or non-REM stages of sleep. It
raises the temperature by one degree
Celsius during light REM sleep, while
decreasing the temperature by one
degree Celsius during non-REM sleep
to achieve a more comfortable sleep.
Daikin’s latest technology, which
measures stress, works on the same
principle. Changes detected by an airpressure sensor under a sofa checks
breathing, heart rate, and body
movement. Based upon this data, we
hope to monitor stress. By allowing a
person to simply sit on a sofa, without
devices attached to their body, we
have high hopes of extracting more
accurate data.
Humans have continued to measure
in response to need, but there is also
an undeniable prioritization of technology where, along with scientific
progress, we have also asked how
such technology could be applied.
Daikin, which continues to meet these
challenges, aim to turn its focus from
seeds to needs, prioritizing the needs
of people today. Such a spirit of
endeavor will lead the way in the
future of measurement. D

Receiver

2. Soine senses this
and estimates
sleep rhythm

4. The temperature
is automatically
adjusted according
Transmitter to the sleep rhythm
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Sleep cycles that
accompany changes
in body temperature

Sleeping

■Automatic temperature
control using Soine

Temperature
adjusts to
suit sleep

Low

Waking up

Sleeping

Waking up

Automatic temperature control
to match sleep rhythm

3. It tells the air conditioner
the optimum temperature
for this rhythm

Soine, a dedicated controller for sleeping, was launched five years
ago. It provides a comfortable sleep while also reducing power
consumption. It determines the sleep rhythm and automatically
adjusts air conditioning temperature so that the sleeper is neither
too cold nor too hot, in order to deliver high quality sleep.

The sofa-based Airitmo has been
developed in the footsteps of Soine.
The stress of a person can be checked
by their sitting for just five minutes on
a sofa fitted with tubular air-pressure
sensors.

Pulse

Conserving energy

Fresh, radiant

Uptight

Full capacity

Jumpy

Relaxed

Depressed

Exhausted

Tubular air pressure sensor
(product under development)
High-sensitivity
pressure sensor

Tube

Activity of the parasympathetic nervous system

Tubular air pressure sensor for acquisition
in correlation with electrocardiograph
R-R interval correlation
(male subject)

2

Airitmo sensor (sec)

We must credit Edison as the inventor of electricity,
but it was Edward Weston who made a significant
contribution to scientific progress with his invention
of a device to measure electricity. He also invented
electro-plating, the electric power generator, light
bulbs, and batteries.

■ General sleep rhythm
High

1. Movements such as
rolling during sleep

1.8

Weston, the inventor of the electric
measuring device

Measuring the unseen

Soine, a dedicated
controller for sleep

Temperature

Various measurements
undertaken at TIC

Electrocardiograph R-R interval
correlation coefficient

r＞0.983

1.6

Male r＞0.983
Female r＞0.982

1.4
1.2
1
0.8
0.6
0.4
0.2
0

0

0.2 0.4 0.6 0.8

1

1.2 1.4 1.6 1.8

Electrocardiograph（sec）

2

This graph shows the correlation between the Airitmo sensor
and the R wave-to-R wave (RR)
interval on an electrocardiograph.
The correlation is high, indicating
that Airitmo can be used in place
of an electrocardiograph.

Activity of the independent nervous system

In the TIC laboratory, there is a room
which mimics the human body to make
such measurements. Until now, many
experiments involved linking this with
air conditioners. However, with our future focus on collaboration, we are also
working on projects involving medical
equipment and furniture.

electric light bulb, Weston used permanent magnets in his invention of
a device to measure electricity. At a
time when devices to measure electricity were limited to the laboratory,
he produced a portable device which
enabled its use in the wider world.

Measurement

Measuring Everything from Body Movement to Stress

From seeds to needs

The Pioneering
Future of
Measurement

Human Knowledge:

Visualization of stress
Airitmo
Airitmo checks the state of the
independent nervous system
from heart rate data, categorizing stress into eight patterns.
Small fluctuations in heart
rate interval indicate a state of
stress, but large fluctuations
indicate a relaxed state.

Reporter for "Measurement"
Technology and Innovation Center
Challenge Planning and Editing Supervisor

Jun Kobayashi

I think that
measurement
technology
often exists in
unexpected places
unseen by the
human eye.
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Turning Air into Something to Be Appreciated
and Designing Daikin’s World View

Our role is to be a lubricant,
a catalyst, for collaborative
creation across organizational
boundaries.

Group Leader, Advanced Design Group
Chief Engineer

Kouichirou Seki
On display in a corner of the Chi-no-Mori, an area for
open meetings located on the third floor of the Technology Innovation Center (TIC), are a number of see-through
pinwheels, called air instruments. Blow into them and you
will hear a light melody. There are no speakers in sight. The
wind chimes beside them, too, have no bells and yet bells
ring when the strips of paper flutter. Next to that are two
small art objects in the shape of chairs. Air currents formed
by the chairs move across the LCD screens behind them,
changing from one color to the next. It is like having a miniature universe before your eyes.
Passing by, you might easily miss them—the pinwheels, the
wind chimes and the images on the screen—but as Kouichirou Seki (44), Group Leader of the Advanced Design Group,
explains, “They all represent a new form of air design we
are trying to establish here.”
Sound is heard when the pinwheels spin or when the
paper strips of the wind chimes flutter thanks to piezoelectric devices. The experiment of turning chairs from just plain
apparatus for sitting on into media for modulating indoor
air flow is a work created with Professor Akira Wakita of
the Faculty of Environment and Information Studies at Keio
University, who is also an artist and engineer. While based
on principles of physics and chemistry, the aims, says Seki,
are “to express traditional Japanese sensibilities for enjoying
the air through design” and “to use design and engineering
to visualize the Japanese mind.” In other words, the idea
is to turn air, which cannot be seen, into something to be
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appreciated.
In order to embody this vision in products, members of
the Advanced Design Group work hand-in-hand with not
only company engineers but also scholars from outside the
company. Seki describes the group’s role as a lubricant for
collaborative creation between engineers or across organizational boundaries and a catalyst for internal collaboration.

Design expresses a company’s world view
and upturns conventional thinking
Previously involved in the design of residential and commercial air conditioning systems within the Design Group of
the Air Conditioning Manufacturing Division at Shiga Plant,
Seki continually put forward new proposals to the extent he
could, pressured by costs and delivery deadlines. He accomplished successive challenges, getting rid of the grating on
the flat panel of indoor units and realizing a slim indoor unit
with a depth of only 15 centimeters. Conversely, with the
Urusara 7, he went the other way, creating a protruding form
that met energy saving requirements while charting a new
direction for air conditioning. He takes pride in having initiated a kind of movement through design.
Back then, though, he was merely performing his duties
as designer within the design process. “Simply make what
you’re asked to and the customer won’t be happy, but that
doesn’t mean you can do something outrageous.” He was
unable to shrug off the thought that “it was no different to
contract work.”

Seki showed a secret room where past
air-conditioning design proposals and
future air-conditioning reality took form.
Although considering himself a bit of
an air-conditioning nerd, he is currently
more active in internal and external
collaborations than anyone else.
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Both Seki and Murai love anime. While Seki talks about
“designing air” though, Murai talks about “the difficulty
of designing air and space.” Nevertheless, they are both
excited about the huge potential offered by TIC.

Seki leads the advanced design group, where members
give presentations to each other, research the designs of
competitors, and discuss new ideas. Not having to wear
a uniform also gives the group a feeling of openness.

So when a fresh start was to be made at the TIC with the
name “Advanced Design Group,” Seki told himself it was
an excellent opportunity to enhance the value of design.
They would use it to create not only stylish designs, but also
designs that users would truly appreciate. They decided to
do that by collaborating with people in a range of different
fields and to communicating Daikin’s view on the world
through design.
Take Toyota’s Lexus, for example. Besides white-themed
artwork, even the traditional elements of Japanese culture
wabi and sabi are expressed. Apple and others impress end
users not only through appearance, but also the design of
their service. The same goes for BMW. For global corporations, design itself is a vital management resource. Design is
what conveys the brand.
“Today, people no longer brag about things they buy. Even
in the world of air conditioners, more people are interested
in how they fit in with the interior, and in the design. You
may even get round-shaped air conditioners, or indoor units
made from building materials. We want to make air conditioners that turn conventional thinking on its head.” Seki
continues. “We want to design the air we cannot see.”

team is the driving force behind efforts to visualize air and
aims to design spaces that provide sensory comfort through
light, sounds and smells in addition to warmth and coolness.
“It’s not easy,” Murai laughs. The team is looking to provide
new kinds of value and emotions—using Daikin air conditioners, consumers study better; their children stop crying;
businesses attract more customers; people get better sleep.
Seki and Murai have a lot in common. They are both
otaku—people obsessed with a particular interest. Seki
gets taunted by people close to him for being such a big
fan of anime, while Murai has been reading manga since
childhood. Seki, who studied product design at a college
of technology, became hooked on rock music at the age of
20 to the extent he considers the Fuji Rock Festival, held
every July, “my New Year’s.” Murai created his own manga
and was convinced drawing was to be his livelihood. He
took art in high school before studying industrial design at
university. Between the ages of seven and 20, he learned the
piano. Taught the importance of rests in a piece by his music
teacher, Murai says that “a picture, too, shouldn’t be completely filled—space is vital.” Meanwhile, Seki explains that
“the job of a designer is like that of a musician in the sense
they are both conveying something.”
The Advanced Design Group stands out fashion-wise
from the rest of the TIC’s troop of engineers who all don the
same uniform. And their expressions are composed. At the
same time, when the two men speak of their ambitions, you
can feel an outpouring of passion, of wanting to spread the
wings of their imagination and appeal to the senses, just like
anime or music. There is no doubt that the music, manga
and anime they proudly claim as pastimes laid the foundations for their becoming designers.

Air craftsmen obsessed with air
conditioning visualizing the air
Seki is one of those people who switched jobs after working for a consumer electronics manufacturer. He laughs. “I’m
obsessed with air conditioning.” Seki designed air conditioners at his former employer, but wanted “to become the
world’s top designer in the field.” That was 10 years ago. He
foresaw even then that it was possible to design what you
cannot see. Now he calls himself an air craftsman.
The Advanced Design Group has 16 members comprising
highly experienced veterans through to junior employees.
Colleagues since their Manufacturing Division days, they
present and openly discuss their ideas amongst themselves.
“All of us are focused on air and so air design is really doable. It’s what the world wants,” says Seki.
Yuuichi Murai (45), who fronts the Indoor Air Quality and
Air Environment Design Team, shares Seki’s ambitions. His
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People with knowledge have a much
broader outlook—generating new value
through collaboration
The Advanced Design Group is pursuing new design
styles, but as Murai points out, “We have to think about
business models, too.” It demands repeated trial and error,
but they are convinced every attempt provides premises to

Displayed in one corner of the Chi-no-Mori shared space is a
work by Keio University professor Akira Wakita, one of Seki’s
collaborators. It focuses on and visualizes the flow of air that
surrounds us every day, yet goes mostly unnoticed.

build on.
Seki, too, says, “Designers tend to dream. But the culture
of monozukuri (manufacturing) was established through the
experience of people in plants who know how tough it is.”
For one, he views the naze naze (lit. “Why? Why?”) routine for identifying the root cause of problems as a common
language for churning out new things. That is why he talks
with engineers, and why he contemplates applications for
water repellent materials with chemical engineers. “Sash
windows you can open even when it’s raining—don’t you
find that interesting?”
As already mentioned, a lot of collaboration takes place
with outside partners. The Advanced Design Planning Team
seeks to engage in more advanced activities together with
outside parties possessing expert knowledge such as former
Keio University SFC professor Naoki Sakai, who has played
a part in numerous design concepts, including the Nissan
Be-1. “They have a much broader outlook,” says Seki.
Through initiatives like these, he wants to accumulate “a
huge catalog of ideas.”
Daikin Industries and Kyoto University have concluded
a comprehensive collaboration agreement even involving
humanities departments with goals such as the creation of
A cute manga character rests on Murai’s
desk. Commenting
that, “the TIC is creating new value,” Seki is
also crazy about anime
and rock. These are
the passions that drive
these men to lead their
team forward.

Product: Keio University, Laboratory of Akira Wakita
FURNISHED FLUID 2014

new themes focusing on social value. Seki welcomes the
development. “Science people think about how to improve
the dust collection efficiency of a filter. Humanities types
look at what’s caught in filters and discover lifestyle differences. They see filters as a modern-day snapshot. The great
thing about fusing humanities and science is this intermingling of history and theory.
“TIC is a place for creating new value,” declares Seki. Just
what will come out of the Advanced Design Group’s internal
and external collaboration? There is much to look forward
to. D

The old approach of designing
air conditioners simply
as a piece of equipment
has been revolutionized
by collaborative creation
between divisions.
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Inverters

Inverters Control the Motor

Inverter technology made its mark on the history of air conditioners by ushering
in a new era of comfort and energy saving
Daikin has always striven to be the air conditioning industry’s
leader in technological advancement. Just how does Daikin
create technology second to none? This first in a series of
feature articles on core technologies spotlights the inverter,
which has become synonymous with the name Daikin.

By switching the direction of the electric current
to the electromagnet, the N and S poles can be
switched to generate the attractive force and
repulsive force naturally existing between two
magnets. Inverters can control motors by using
these two forces alternately at the right timing.

The inverter is like a motor driver which controls the air conditioner
compressor’s motor
A reluctance DC motor has
a rotating internal spindle.
The spindle is embedded
with a strong neodymium
magnet to make it a highpower magnet. To rotate
the motor, the N and S
poles of the electromagnet are switched at high
speed. The inverter is what
controls this process.

An air conditioner is made
up of an indoor unit and an
outdoor unit. The inverter
is located in the outdoor
unit. It controls the motor
of the compressor, which
is really the heart of the
machine.

Before diving into inverter technology, let’s review the basics of air
conditioning design and electricity.
Air conditioners have an outdoor
unit and an indoor unit, with a heat
pump to transfer heat between these
units. With these main parts, an air
conditioner provides both heating and
cooling. The heart of the machine is
the compressor, located in the outdoor
unit. Refrigerants in the compressor are used to transfer heat. They
attain a state of high temperature
and pressure when compressed. In
cold climates, cold refrigerants are
compressed by the compressor to a
high temperature and pressure, then
sent to the indoor unit to provide
warm air. When raising room temperatures quickly, the compressor’s
revolution speed is increased, which
raises the refrigerant temperature
faster and sends heat to the indoor
unit. The motor driving the compressor accounts for 90% of an air conditioner’s total energy consumption.
Conventional air conditioners turn
the motor ON or OFF. When turned
on, the motor operates at 100% speed,
then stops completely when the room
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Kazunobu Ohyama

Executive Engineer,
Technology and Innovation Center
Motor Inverter Technology and Utilization
Senior Associate Officer
Born in Kagawa Prefecture in 1956, he later graduated
from Tokyo Institute of Technology Master’s Program
in 1981. He joined Daikin in 1986 after working as
an assistant at Nagoya Institute of Technology’s
Department of Electrical and Electronic Engineering. In
2004, he was promoted to Associate Officer of Daikin
Environment and Air Conditioning R&D Laboratory, Ltd.
and then assumed his current position in 2015.

reaches a set temperature. The motor
restarts when the room temperature falls below the set temperature,
and repeats this cycle. This type of
operation causes large fluctuations in
temperature and wastes energy.
The goal is to maintain a constant
room temperature and save energy
at the same time. To do this, the
revolution speed can be lowered to a
level needed to maintain room temperatures instead of switching the
motor OFF when a set temperature is
reached. For this type of operation,
the air conditioning system needs
to variably adjust motor frequency,
which is synchronized with the revolution speed.
One of the immediate problems,
however, is that power supply at
factories and households is alternating
current, which has a fixed voltage and
frequency. This makes it necessary to
change the current to direct current,
and then change it back to alternating current. That’s the basic concept
behind the inverter. The technology
to change alternating current to direct
current was called a converter, and
the technology to convert the direct

current back to alternating current
was called a inverter, but in Japan,
the device to control the entire process is commonly referred to as an
inverter. Simply put, the inverter is
the motor driver which controls the
motor by adjusting the frequency and
other aspects of operation.
Here is the history of the development of the reluctance DC technology* and its DC inverter which
propelled Daikin to the fore of the air
conditioning industry, as well as some
insight into the DNA behind “Daikin,
The Technology Company.”

Eyeing the IPM motor
despite a lack of motor
engineers
The history of Daikin’s full-scale
development of inverter air conditioners dates back to 1980 with the
establishment of the Electronics
Engineering Center at the Shiga Plant
(formerly the Electronics Engineering
Lab). Even before that, the company
had recognized the strengthening

of electronics technologies as a
critical issue and begun inverter
research without leading to commercialization. Daikin released its
first inverter air conditioner model in
1984. Toshiba, meanwhile, launched
the first inverter-type residential
air conditioner three years earlier.
Daikin’s inverter, however, was
made by an external company. The
birth of Daikin’s own reluctance DC
technology would have to wait until
Kazunobu Ohyama (currently TIC
Executive Engineer), who had been
pursuing research into the technology,
joined the company.
In 1989, Daikin had just wound
down its Ideal Inverter Air conditioner (IIA) project and was ready to
start technology development for the
next-generation of air conditioners.
Ohyama joined the company in 1986
as a researcher at the Electronics
Engineering Lab. After fully researching consumer needs, he determined
that the next-generation air conditioners needed both energy saving

and comfort. Toshiba’s first inverter
air conditioner, for example, boasted
minimal temperature fluctuations by
eliminating unevenness. While this
offered a higher level of comfort, it
did not prioritize energy saving.
If the inverter was to be the driver
for the motor, then a high performance inverter would need to be
coupled with a high performance
motor. At the time, however, Daikin
didn’t have a single engineer capable
of developing a motor from scratch.
Ohyama rooted out applicable
research papers from journals around
the world and took part in academic
conferences to gain insights into
development options.
Ohyama’s search came to fruition
with the IPM motor. The IPM motor
had a unique structure in which the
rotating rotors, made of electromagnetic steel plate, were embedded with
magnets. In conventional motors,
the magnets cover the surface of the
rotors, meaning the motor can only
utilize the attractive force (magnetic

*Reluctance DC technology: Technology associated with reluctance DC motors. Reluctance motors are unique in that the magnets embedded in the rotor endow them with a unique electromagnetic
structure. With this structure, the motor can effectively utilize magnetic torque and reluctance torque (attractive force between the iron and magnet), thereby reducing electric usage by a significant degree.
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Overview of Air Conditioner Inverter
When operating the
air conditioner as a
heater, ① The outdoor
unit draws in air and
the refrigerant absorbs
heat from the air
② The compressor
motor begins rotating at a high speed to
further heat the refrigerant and blow the
heated air into a room
③ When the room
temperature reaches
a set temperature,
the motor speed is
reduced and the room
temperature is maintained at a constant
temperature. This
system ensures energy saving operation.
When cooling rooms,
the refrigerant is
heated to a temperature higher than that of
the outdoor unit and
the heat released from
the room.

The industry-academia
collaboration was
instrumental to the
development of the
reluctance DC motor
and the evolution of
the inverter afterwards.
These experiences made
the development team
eager to collaborate with
universities and other
companies to innovate
and develop various new
technologies.

torque) between the outer magnets
and the rotor magnets. In the IPM
motor, the placement of the magnets
enables the motor to also utilize the
attractive force (reluctance torque)
between the outer magnets and
the iron in the rotor. This leads to
faster rotation speeds and significant
reduction in energy consumption for
energy saving operation. Ohyama also
concluded that the IPM motor was
suitable to use as a permanent magnet
motor.
At the same time, he concluded that
the IPM motor could be even more
efficient with an inverter. Ohyama
then picked a select team of young
engineers to develop a new motor and
inverter. Commercializing the IPM
motor proved difficult, however. The
technology had yet to move past the
theoretical stage. To break through
the barriers, he sought out the aid of
Yoji Takeda, then an Assistant Professor at Osaka Prefecture University. It
was November 1990.
Takeda welcomed Ohyama’s
proposal to develop the technology together. Since the professor
hadn’t rejected the possibility of
higher energy saving, Ohyama felt
confident he was the right partner for
development. Even before the meeting, the two had met each other many
times at scientific conferences.
Building a successful industryacademia collaboration—After
graduating from university, Ohyama
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had spent five years as a researcher
at Nagoya Institute of Technology. It
may have been just this experience
which prepared him for coming up
with new ideas.

A breakthrough three
years after industryacademia collaboration
The development of the new motor
proved arduous. Early prototypes
wouldn’t turn and wouldn’t operate as
designed. Despite the challenges, the
team completed the first production
prototype with basic properties in
the autumn following the start of the
project. The motor manufacture was
outsourced to an external company,
and it wouldn’t be until 18 months
later that the team discovered that the
motor wasn’t being built according to
design. And that was just only one of
many remaining problems.
Another was the magnets to be
used. The first prototype used samarium magnets, and while the high temperature performance was good, the
magnetic power was low, leading to
low efficiency. The development team
turned to magnets made from neodymium, a rare earth with 1.5 times
the magnetic power of samarium. Two
new problems emerged: the rare earth
was cost-prohibitive and its magnetic
power weakened at high temperatures.
A development engineer at NEOMAX
(then Sumitomo Special Metals), the
largest manufacturer of rare earth

magnets, provided a breakthrough.
One day, while Ohyama was visiting the company’s R&D lab, the engineer suddenly said, “I’ve got a good
magnet for you,” and pulled out a
newly developed neodymium magnet
with a fine but even grain structure
which could withstand high heat. It
was a completely new product not
yet announced within the company.
The NEOMAX sales representatives
accompanying them had not even
heard of it, and were just as surprised
as Ohyama. “I was grateful to have a
strong network of relations—people
I had always cherished,” Ohyama
recalls.
The team continued development
with repeated test runs to adjust the
position of the embedded magnet by
0.1mm increments. Another problem was that the movement of the
DC motor became irregular when
the load increased. The persistence
and flexible creativity of the younger
engineers helped overcome this issue.
But it was also found that the solution
to the problem was similar to technology released in a paper by an Italian researcher. A team member was
quickly dispatched to an international
conference to confirm the paper’s contents directly with the researcher, and
the team found to their relief that no
patents had been filed. This was now
about three years after joint research
had begun with Osaka Prefecture
University.

The inverter development also
proved tricky. An inverter controls
the motor at a rate of about 10,000
operations at second. A high degree of
precision is required, as the inverter
itself can break down if a pulse errs
just once every one-millionth of a
second. The adoption of microcontrollers meant even higher cost. While
relying heavily on the cooperation of
the microcontroller manufacturer, the
development team conducted repeated
tests over an 18-month period to
ensure it met Ohyama’s strict requirements. The result was the successful
development of an inverter capable of
controlling turning force of both the
magnetic torque and the reluctance
torque with a high degree of efficiency.
As development of prototypes for
the mass production started, Daikin
was able to unleash its monozukuri
(manufacturing) might. The motor
contained layers of electromagnetic
steel plate with a width of only several
tenths of a millimeter, in which the
magnets were embedded. The margin
of error was less than 10 microns.
The team accumulated know-how by
repeating such accurate manufacturing processes, and eventually whittled

down a three-month manufacturing
process to one week.
The development team itself also
had a unique structure. While normally a motor expert would have
been put in charge, Daikin’s team was
geared towards commercialization
by having the compressor division
general manager as team leader, and
Ohyama and the room air conditioner
product manager as sub-leaders. The
motor engineer and inverter engineer
filled out the team. With this organizational structure, the team succeeded
in completing the compressor with
an inverter delivering optimal efficiency. At Daikin, people use the term
machine electric fusion to describe
the company’s work. “Daikin’s real
strength is its ability to develop
products through this collaboration
between the electrical shop and the
machine shop,” says Ohyama.

Developing lower
cost, energy saving air
conditioners for the
Chinese market

Room air conditioners with reluctance DC technology hit the market
in 1996 and caused a sensation in the
industry, which began to view inverter
technology as Daikin’s strength. That
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1984 ● First inverter type room air
conditioner is launched
2nd generation inverter air conditioner
1985 (30Hz-120HZ)

3rd generation inverter air conditioner
1987 (30HZ-180HZ)

1990 ● Joint research with Osaka
Prefecture University begins for development of new DC; new inverter development also begins
1991 ● First prototype of new motor is
completed
1992 ● Inverter technology is unveiled
at scientific conference, marking turning
point for company and technology
1994 ● First Air Conditioning Business
Reform Plan is announced with threepronged strategy to revitalize the air
conditioning business
1995 ● Reluctance DC technology is
announced, combining new DC motor
with DC inverter and other technologies
1996 ● Mass production of air conditioners with new technology is launched
1998 ● Second Air Conditioning
Business Reform Plan implemented in
response to downturn in domestic air
conditioning business
1998 ● New technologies are expanded
to commercial products; Super Inverter
60, commercial air conditioner that
uses 60% less electricity, is launched
(Awarded the Grand Prize for Excellence,
Energy Conservation Center, Japan;
Director General Prize by the Agency of
Natural Resources and Energy in Japan)
Super Inverter
60 commercial
air conditioner
delivers huge
electric power
savings

1999 ● E Series, compact, split inverter air conditioner and Ururu Sarara,
world’s first air conditioner with builtin humidification, is launched (Awarded
the Grand Prize for Excellence, Energy
Conservation Center, Japan; Director
General Prize by the Agency of Natural
Resources and Energy in Japan)
2000 ● Super Inverter 70 and Super
ZEAS commercial air conditioners are
launched
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Expanding Air Conditioner Market Share In and Outside Japan
（As of April, 2015）

March share in Japan (company transition)

Daikin air conditioner sales by region
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Residential share

Daikin has already incorporated inverters into all of its room air
conditioners sold in Japan. Market share has been expanding
steadily since the implementation of air conditioning business
reform plan in 1994. In the same year, Daikin became the first
in the industry to acquire international quality certification ISO
9001 for all of its air conditioner production factories in Japan.

was a natural reaction considering
that the technology immediately
reduced energy loss by more than half
and delivered an annual electric bill
savings of 21%. Daikin suddenly found
itself the leading seller of energy
saving air conditioners, which until
then had seen competitors undercutting each other by 100 yen to gain an
edge amid heated competition.
Two years after the commercial air
conditioners hit the market, Daikin
debuted as its main commercial
series the Super Inverter 60, which
uses 60% less electricity. With this
achievement, Daikin-brand products
grabbed more than 40% share of the
market. The technology was then
installed in multi-split air conditioners

Technology Innovation Center
Group Leader
Senior Engineer

Morimitsu Sekimoto

He has focused
on inverter R&D
since entering
the company.
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Sales in each region around the world have also grown steadily
each year. In newly emerging markets, where income levels
are still low, the widespread adoption of inverter technology
will require the manufacture of inverters at a lower cost than
in Japan.

for office buildings and the entire
product spectrum. In 2003, reluctance
DC technology was recognized by the
National Commendation for Invention
in Japan.
While Daikin room air conditioners
now enjoy the top market share, the
business was once relegated to third
behind commercial air conditioning
and fluorochemicals in terms of business priority for the company. Daikin
once trailed far behind major Japanese electronics brands, with seventh
or eighth place in sales rankings, and
the company considered exiting the
market. It was only this reluctance
technology that saved it.
The business turnaround became
an opportunity to gather the latest
information from related industries.
Semiconductor advances, performance
improvements in microcontrollers
and neodymium magnets, along with
enhanced production technologies for
electrical steel plates and wiring were
all leveraged to continually innovate
new air conditioners with ever-higher
energy saving. In 2011, the commercialization of the Eco Inverter product
marked a new phase in the history of
Daikin’s inverter development. The
new design eliminated the electrolytic
condenser and other parts, which also
helped lower the cost. And yet the

energy saving performance was even
higher than that of the AC inverter.
Ohyama dubbed the new machine the
global low-cost inverter.
The impetus for the new design
had come in 2000. Osamu Takahashi,
Professor at the Nagaoka University
of Technology, had urged Ohyama
to collaborate on the development of
a global standard inverter. Ohyama
thought such an inverter would be a
good match with Daikin’s reluctance
DC motor. At the start of the project,
Takahashi has envisioned a Japanese
federation of companies to tackle the
new technology. He then changed
tack and decided to work exclusively
with Daikin. The project suffered a
setback when Takahashi passed away
suddenly in 2003. Ohyama’s resolve
only increased, determining to fulfill
the professor’s last wishes by any
means possible. A decade after the
project started, Daikin commercialized a product for China.
This newly developed air conditioner became symbolic of the secondstage collaborative development with
China’s Gree Electric Appliances,
with which Daikin formed an alliance
in 2008. Today, Daikin and Gree Electric Appliances are manufacturing a
million units of these air conditioners
annually. The technology is still being

Air conditioners from Gree Electric
Appliances, with which Daikin has a
production outsourcing agreement.

Difference Between Inverter and
Non-inverter Type Air Conditioners
● Low energy consumption
● Low noise
Temperature(℃) ● Precise temperature control
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inverter market share is expected to
rise, there are still issues to conquer,
including the development of lowercost machines for low-income regions.
Other issues include the scarcity of
raw materials, differing electric power
infrastructures in each locality, and
establishing maintenance structures.
To solve these issues, Ohyama and his
members are focusing their R&D on
low-cost inverters and inverter intelligence.
As Daikin expands its global
presence, it will also continue to find
new ways of advancing Japan’s
technological strengths. “Anyone can
solve one problem if they pursue only
that,” notes Ohyama. “We’ve gotten
this far by using one technology to
solve two problems. We’ll keep
challenging ourselves in this spirit,”
he adds with the pride of an engineer
who created the world’s best inverter.
His words also reflect his passion for
“cooperative creation” in solving
multiple issues with one technology. D

advanced, however, in order to further
expand sales of dedicated cooling
inverters for the Asian market as well
as inverter air conditioners for North
America.
In Japan, inverters have solidified
their reputation for high efficiency and
superior energy saving performance.
Today, all room air conditioners in
Japan are equipped with inverters.
The technology has also spread to
lighting, hybrid cars, and many other
fields. Globally, however, inverter air
conditioners account for less than
50% of the total market share. While

Temperature is adjusted
quickly by high motor speed

ON

OFF

OFF

2005 ● Daikin enters U.S. air conditioning market; Daikin Air-Conditioning
America is established
2008 ● Daikin concludes production
agreement with China’s Gree Electric
Appliances on inverter air conditioner
production outsourcing
Agreement signing ceremony
with Gree Electric Appliances

2011 ● Eco Inverter air conditioner for
China market is launched with new, lowcost inverter
2012 ● Urusara 7 room air conditioner
with next-generation refrigerant HFC32
is launched (Minister Prize of Economic,
Trade and Industry of Energy Conservation Grand Prize for excellent energy
conservation equipment); Eco Inverter
air conditioner wins Technical Achievement Award from the Japan Electrical
Manufacturers' Association
2013 ● Urusara 7 room air conditioner
wins multiple awards, including Prime
Minister's Award of the 5th Monodzukuri Nippon Grand Awards for excellent
engineering, Minister Prize of Economic,
Trade and Industry of Energy Conservation Grand Prize for excellent energy
conservation equipment, and the Red
Dot Design Award. Eco Inverter wins
Progress Award from The Institute of
Electrical Engineers of Japan

ON

More time required to
reach set temperature due to
slow motor speed
Motor speed is slowed to
maintain set temperature
once reached

UX Series has won
many fans with its
stylish design

Motor repeatedly turns OFF
when set temperature is
reached and back ON
when temperature declines

Inverter

Fixed speed

2003 ● Reluctance DC technology wins
National Commendation for Invention in
Japan.
2004 ● UX Series ultra-slim room air
conditioner is launched; ZEAS-AC multifunction air conditioner for convenience
stores is launched (Minister Prize of
Economic, Trade and Industry of Energy
Conservation Grand Prize for excellent
energy conservation equipment)

Advertisement promoting Energy
Conservation Grand Prize and other
honors for Urusara 7

Time

Air conditioners without inverters cool or heat a room to a set
temperature, then turn OFF once the temperature is reached. They
turn back ON again when the temperature rises above or falls below
the set temperature, repeating this process during operation. As a
result, room temperature fluctuates and energy is wasted.

2016 ● Flux control inverter wins
Technical Achievement Award from
the Japan Electrical Manufacturers'
Association (JEMA)
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Introduction
to TIC
Events

Events conducted by Daikin for collaboration—including lectures, technological
exchange, and business meetings with
various companies. Small comments
made by world-leading researchers may
provide invaluable hints.

A valuable talk from a Nobel Prize winner resounded
in the hearts of participants.
“A dream realized after 50 years of
persistence.”
These are the words of Ei-ichi
Negishi upon learning of the decision to award him the Nobel Prize in
Chemistry in 2010. Professor Negishi, who resides in the United States,
continues to share his message of
encouragement to researchers, based
on his experiences: “Japan’s young
researchers should venture overseas.”
A lecture by Ei-ichi Negishi was held
at TIC’s Auditorium on April 20,
2016. Given the theme of “Hopes for
Japan’s researchers—A message to
young people,” this lecture was much
anticipated by engineers at Daikin.
Following the keynote address, a
panel discussion was also held with
Professor Negishi, Koichi Ogawa of
the University of Tokyo, and Tamotsu
Takahashi of Hokkaido University
on the theme “What is a prestigious
role?” Panelists described what they

Professor Negishi
emphasized that “To
grow as engineers,
we must take up the
task of looking the
world straight in the
eye.”

had valued leading up to their prestigious appointments, and shared their
estimation and opinion on Japan’s
companies at present.
The keynote address and panel
discussion left a deep impression upon
the participants, being full of tips for

living both as a researcher and as a
person. Many participants expressed
enthusiasm that Professor Negishi left
them with a strong sense that Nobel
Prize winners were ordinary human
beings too, and that they would aim
to someday exceed his achievements. D

Seminar matching industry and academia
with Tottori Prefecture—discoveries
from different technological fields

His audience said that the words of
somebody like Professor Negishi
who had totally dedicated himself
to one field, carried much weight.
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There was a variety of displays, and
a lecture on the theme of Freezing
technology, whereby food is stored,
matured, and fermented under
below-freezing conditions, was
well-received.

IAQ Idea Hackathon with U.S. company
Clarity held
A hackathon is an event where
programmers, graphic designers, and
project managers in the software
development field gather to work
together and to contest one another’s
technology. For five days from February 22 to 26, 2016, staff from Clarity,
a venture company from Berkeley,
California, attended a hackathon at
TIC on our invitation.
Clarity, established in 2014, focuses
on air chamber solutions. At the hackathon, TIC learnt much from the
enthusiasm and speed of the Clarity
staff. The aim of the event was to
create a new Indoor Air Quality (IAQ)
business prototype, and to establish
methods for collaboration to launch

the prototype in a short time frame.
Participants were divided into groups
to suggest ideas and create prototypes
based on themes including: how to
reduce concerns about air quality
when out on business, and how to
reduce concerns about risks due to air
quality. D

Discussion
with medical
professionals on
the impact of air
on health and
medicine
We held a healthcare hackathon
on the theme of the contribution air
makes to health and medicine. It was
held over the public holidays of September 24 and 25, 2016. The event
saw total of 41 participants from
Daikin and outside the company
gather at TIC (including 18 medical
professionals).
They divided in to five groups to
contribute ideas on themes including
initiatives for dialysis, and issues in
the chemotherapy field. The hackathon reconfirmed the importance of
air quality in the medical field.
Members from Daikin in particular
found it a useful opportunity to brush
up their ideas while receiving feedback directly from medical professionals. They reported that the rare
opportunity to have earnest discussions with such people led to promotion of collaboration outside the
company. D

There were approximately 30 participants, split into three groups to brainstorm
and give demonstrations. We were able to learn methods for summarizing, testing,
and firming up ideas. The hackathon gave the participants greater confidence in
collaboration.

A session was conducted to introduce technologies possessed by a
company from Tottori Prefecture, and
for business meetings and lectures.
It was held in Chi-no-Mori on the
third floor at TIC on March 16, 2016.
Approximately 30 companies had
booths representing a range of fields,
focused on electronics and processing. The booths clearly explained the
technologies and products of each
company. The adjacent business meeting corner offered a chance for lively
exchange of opinions and general
interaction.
In addition, two lectures were
scheduled, for the morning and

afternoon. The morning lecture,
“Fresher and higher quality food
preservation made possible through
freezing technology,” was given by
Akihiko Yamane, chief director of the
Japan Hyo-on Association (a public
interest incorporated association).
Many attended the afternoon lecture,
by Tottori University trustee and
vice-president Hiroya Kitano, “Case
study and issues in cooperation
between industry and academia at
Tottori University: Progress in hospital spaces and new medical equipment development (research),”
covering much content pertinent to
the future. D

Participants contributing ideas in their
groups. Many women participated on
this occasion. The winning idea, an
app which made it easier to share their
house cleaning results on social media
including Instagram, was suggested by
women, many of whom are responsible
for the air quality in their homes.
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Technology and Innovation Center
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Report
（

A forum for creation of new culture through fusion of different fields

TIC Report

）

Over the past 20 years, Daikin has strengthened its position as one of Japan’s leading
global companies. We hope the Technology and Innovation Center (TIC) will be a base
for technological development to lead the future and outperform global competition. It
brings together research laboratories that were spread over four plants and factories, and
R&D engineers from different fields, creating a setting to realize collaboration aimed at
new value creation through interaction and stimulating discussion across different fields
from both inside and outside the company.

Photovoltaic panels
(Total 300 kW)

Fellow Rooms

Waigaya Stage

There are seven fellow rooms on
the sixth floor, each with their own
concept and interior design. These
rooms host university lecturers and
researchers from around the world.
By hosting these guests, we aim to
inspire new ideas and technologies
through receiving advice, deepening our research themes, and having
discussions.

Located on a mezzanine level
between the fourth and fifth floors,
in the office building on the east side
of TIC. The stage, which is no further
than 30 m from all the work areas for
easy access, is used as a venue for
internal collaboration, from meetings
to large-scale seminars.

Future Lab
An open space located on the sixth floor of the office
building, commanding views of the Yodogawa River.
Study forums and workshops are conducted, inviting
guests from other companies and groups, as well as guest
speakers, creating a base for collaboration with those from
outside the company.

High-eﬃciency HVAC units
TBAB thermal storage units
Free-cooling chillers

Recovers heat
from draft chambers

Roof-top
viewing tower

Equipment storage area

Equipment
storage area
設備機器置場

Laboratory
The Laboratory, a building located on
the west side of TIC and comprising
five floors, is complete with state-ofthe-art equipment including a future
plant laboratory and a sleep and metabolism laboratory. Being connected to
the office building allows for interaction
not only between engineers but also
with other divisions.

The TIC building is 183 meters in width, 78 meters long,
and 31 meters in height. It has six floors above ground,
and one underground, boasting a total floor space of 47,911
square meters. Balcony-style eaves are linked together externally with steel piping, giving the building the appearance
of a life-sustaining life-line. This integrated facility incorporates experimental laboratories, and office areas, which are
just inside the entrance. It has a laboratory area with a total
floor space of 30,000 square meters. It is here that Daikin, as
a leader in air conditioning and fluorine chemistry, continues to conduct experiments from multiple perspectives to
improve the quality and safety of products and to develop
new products. We are also developing products which connect to the Internet (IoT) and which incorporate artificial
intelligence (AI). Facilities include an electromagnetic semianechoic chamber to investigate the influence of electric
waves emitted by air conditioners, and an anechoic chamber
to check for vibration and noise. Other facilities include a
laboratory designed to mimic living environments to help
improve product functionality.
The wall surfaces of the office area are glass. This
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Future Lab
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Oﬃce

Laboratory

Oﬃce

Waigaya Stage

Rumination Room/Booth

The laboratories connect to each ﬂoor

Laboratory

Auditorium

Chi-no-Mori

Laboratory
Sanitation equipment room

Water sprayer
for outdoor units

Horizontally
pivoting windows
for natural air ﬂow

Daikin Discovery Hall

General Administration Oﬃce

Rainwater tanks (1,000 t)
For rainwater

0

introduces abundant sunlight, creating an open atmosphere.
The white entrance hall incorporates ingenuity typical of
air conditioning expert Daikin. This includes an air wall—
emitted from the glass. Other innovations include an underground cooling pit to temporarily store air from outside, and
heat exchange piles.

Waigaya Stage for internal collaboration;
Chi-no-Mori and Future Lab for external
collaboration
Seating is provided for 700 engineers in their respective
groups over the fourth and fifth floors. It is used for data
analysis meetings with easy access provided to The Laboratory facility. This also allows for constant exchange of the
various knowledge and experience acquired there. Waigaya
Stage is a meeting space on a mezzanine level between the
fourth and fifth floors, in the center of the office area. It is a
place for lively discussion and also offers space for multiple
groups to hold meetings simultaneously. Electric signage and
other ICT equipment are utilized to share information visually. Amazingly, this stage is no further than 30 m from all
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the work areas. Engineers from different fields of R&D can
easily decide to meet in the Waigaya Stage, eliminating the
hassle of booking a conference room. This space is the pride
of TIC.
Waigaya Stage is a key element in facilitating collaboration, linking together different fields inside the company, in
order to realize open innovation. It not only enables early
problem resolution and faster realization through strengthened communication, but also acts like a theatrical stage
which is visible from anywhere. Such visualization stimulates other researchers and can sow seeds for healthy competition. A Rumination Booth also exists for those wishing
to concentrate out of sight, out of consideration for human
psychology.
If Waigaya is the location for internal collaboration, Chino-Mori and the Future Lab, located on the third and sixth
floors respectively, are venues for external collaboration.
Although TIC is a place for handling top secret ideas, the
third and sixth floors are security-free areas for guests.
Chi-no-Mori is a venue for discussion with guests, and features a shared space to be a forum for technical discussions

50m

A north-facing lecture room on the third
floor. The Auditorium is designed to provide
a comfortable sightline for both the presenter
and the audience, with a centrally located
stage, and seating in a fan-like arrangement.
Seating caters for up to 250 people. The
auditorium can cater to large-scale lectures
and presentations, and is equipped with
booths for simultaneous interpretation in up to
four languages.

and an open laboratory to inspire deep debates surrounded
by exhibitions. A sense of openness and brightness are
important, with glass walls to separate spaces and visible
stairs leading to the offices. This effect emphasizes connectedness.
The Future Lab is a selling point for TIC. It is not only
ideal for workshops and study sessions with specialists and
researchers from both within and outside the company, but
also features the large Studio Space for hosting parties.
The Studio Space is surrounded by the seven fellow rooms,
which have hosted guests including Ei-ichi Negishi, winner
of the Nobel Prize in Chemistry in 2010, and distinguished
professors from Purdue University in the United States.
There are also remote research laboratories which facilitate
collaboration with Osaka University, Kyoto University, and
others.

iCafe—a study forum open for anyone to
participate—where external speakers have
given lectures and workshops
TIC is reminiscent of the Silk Road, playing a major role
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TIC has been recognized
for its open working spaces
such as the Waigaya Stage,
and was awarded the 29th
Nikkei New Office Awards
in August 2016. Below-right
is the north-south sectional
view of the office building.
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ダイキン工業株式会社

The open space from the third to the sixth floor
Architecture
for Open
Innovation
階段や吹抜けを介して光・空気と共に、
シームレス
つながる視線・動線が、アクティビティの関係性を生み出す断面構成
encourages
the flow
of knowledge as
people, expertise,
Internal Collaboration
Sectional
and information move
through the building.
オフィスエリアでは、社内外協創を促進する
人・知識・情報が循環するナレッジフロー構造
4,5F アウトプットの極大化のための、壁のないオープンな大部屋オフィス
View

階大部屋
が断面的に展開。ワイガヤステージ、集中ルームを中心とした執務スペースの
・ワイガヤステージ
階 ワークプレイス全景
オフィスを、外部協創の場である３階
知の森、階 フューチャーラボがはさみ込む層構成。オフィス
ワイガヤで協創
するワイガヤ
ステージと、
具現化力をスピ
―ドアップ
する下部の集中
ルームを中心に、一体感ある
Future Lab
約
㎡のワークプレイス
50m

Oﬃce
Oﬃce

Desks and chairs are casually arranged in Chi-noMori on the third floor of the
office building. It includes
art which utilizes fluorine
technology and a display
of energy saving using air
conditioning technology.

TIC Report

Waigaya Stage
Rumination Room

Chi-no-Mori
Partners in external Daikin
collaboration
workers

Entrance Hall

1F

Oﬃce

Main
Conference Room
Daikin leading-edge

社外協創パートナーを迎え、価値観や企業風土を共有する場
technologies are per-

manently displayed.
啓発館 ‒ 誇り・ステータス
を培う
空気・環境・エネルギー分野
By placing展示
them in
のアイデア・技術を
外部協創に不可欠な会社
an open space, it
協創へのヒントを見つける場
The TIC reception
is
on
風土や企業理念を社外協
becomes a space for
the third floor up the
創パートナーと共有するため
collaboration between
large staircase leading
の展示室。経営理念や
経営
engineers from both
The Daikin Discovery Hall,
from the wide
entrance,
within and outside the
判断の先見性を伝える創業
to the left of the entrance
and is a security-free
company and guests.
からの
exhibits the history of Daikin
area. This photo
is経営史と、技術分野
of
businessルームエアコン部品が作る「人」のシルエット
and symbolic relics.
reception staff.
別のトピックを実機と共に
連
ねた「これまでの技術発展 どんなモノや部品の向こうに
も 「
人」が
示した、
「人を基軸に
史」
は社内技術者の再発見 いることを影絵で
おく経営」
のシンボリックなモニュメント
実機と技術・経営史年表
の気づきのきっかけともなる。

researchers from different fields.
in cultural exchange between East and West. Silk passed
外部からのゲストを
Sessions
covering surface modifiers used in smartphone
from China to Europe via the Silk Road. Ceramics and musi広く受け入れる大空間
touch screens, and introducing high-performance materials
cal instruments from Persia were via China to Japan, some
from fluorine chemistry have attracted collaboration with
of which are now stored in Shoso-in at Todai-ji Temple in
representatives from design groups for the first time. They
Nara. The fusion of different cultures produces new culture.
reported that it led to the emergence of new design ideas,
Such an attitude pervades TIC, but nothing is created simply
and collaboration between the high-performance materiby providing a place. Proactive interaction is key. How to
als and design divisions. A session on AI saw many ideas
use the place. That challenge is just beginning.
contributed by participants, and even led to investigation of
iCafe is one such effort at internal collaboration. An
product creation. At an
IoT session, there was a common
abbreviation for Intellectual Cafe, it風にはらむ羽衣をモチーフとしたエントランスホール
is an event held each
大会議室／森を望む応接室
a sense of urgency to not fall behind in competition with
Wednesday. The study forums are open for participation by
other electrical manufacturers, and collaboration took place
anyone, with themes proposed by engineers. External speakbetween the Telecommunications Group and the Planning
ers are invited, and intense discussion takes place. It can
Division.
often take place in up to three places simultaneously.
Another forum for collaboration where external speakiCafe, which began in January 2015, has covered a wide
ers have given lectures, workshops, and shows. It is a forum
range of themes. Topics have ranged from deep diving in
for proactive interaction with people from different fields
areas where Daikin specializes, such as open innovation
from outside the company, and continues striving to expand
using IoT to obtain various knowledge; and the current
its versatility. It also belongs to the Future Center Alliance
state, issues, and future possibility of heat pump technology,
Japan (FCAJ; a general incorporated association), which
through to “What if the world was a cube? At some point,
supports increased innovation crossing the borders between
common sense will not hold true,” and “Let’s discuss odors
industry, government, and academia, and researched creand mold.” Other popular sessions include study sessions
ation of new industries.
on leading-edge technologies, which attract many particiFor example, a trade forum showcasing Niigata’s new
pants. In addition to the Waigaya Stage and the Future Lab,
technology and innovation was held, attended by the heads
there is an oval conference room which seats up to 250.
of local industries boasting leading technology. This proParticipants find it worthwhile because it not only stimulates
vided interaction with Daikin engineers, in an attempt to
curiosity, but also provides a forum to meet face-to-face with
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マネジメントエリア

㎡

Oﬃce

Daikin Open Lab

Daikin Discovery Hall

階 オフィス

New ideas are born at iCafe

At the meeting
“Let’s discuss odors and
mold,” we held
lively
階aオフィス
discussion on filters in
air conditioners, while
looking at real examples. (March 10, 2016)
オフィスを縦串にする
つの吹抜けで交

ワイガヤステージ
iCafe’s menu includes
study
㎡
sessions
on
leading-edge
tech㎡
nologies, which is essential in
×
the development集中ルーム
of unique
×
technology. Over集中ブース
100 people
attended, with some having to
階 知の森
stand. (January 20, 2016)

錯する、視線・動線がアクティビティをつ
なぎ、社内外協創の大動脈となる。

3F

外部との協創を生み出すための場

facilitate new innovation. Deeper exchange has also taken

Economic Development.” It referred to non-traditional meth-

入口にセキュリティを設定し、 六角形モジュールのフレキシブルな展示什器を
ダイキンオープンラボ
place with representatives
from Tottori and Mie 技術者がセルフカスタマイズ
prefectures
ods for new combinations of production practice, resources,
協業に結び付けるクローズな
コア技術・オープン可能な開発途中の先端
形での利用も可能
addressing
new
fields
such
as
medical
equipment.
and labor in economic activities. Effectively, by combining
技術の展示を元に、社外協
創パートナーと
It isを深め、新
positioned as a key strategy, where proactive interacknowledge and technology from different fields, new knowl実際の“もの”に触れながら議論
tion is frequently
edge is created.
たな商品や技術開発テーマを創出
する、 conducted with different fields such as
TIC is such a forum for combining knowledge and technol「今の技術」
の展示室。 the automobile industry, and lectures featuring cutting-edge
research
from
universities,
and
handling
topics
such
as
the
ogy
from different fields. In the words of Kimiaki Tanaka,
知の森 またここに来たい
と思わせる外部協創の場
environmental business
in China, which has become a major
leader of TIC’s Collaboration Promotion Team, “TIC is a
社内外の技術者が商談や情報交流の中
で
実機、モニター、ポスターや
market. 、人・
place where new culture is created. It takes time to establish
知恵を出し合い商品開発につなげる
切断モデル、水槽も展示
知識・情報が一堂に集まる社外協創の
場。
the practice of culture creation, however, in order to survive

ダイキンの
各事業部門横断の最新技術を広く知ってもらう場
Creating new culture
by amalgamating
as a global business, it is necessary to take a course differライティングダクトで
knowledge and technology
from different
ent from the past and attempt to create new things. Moving
イベントに対応
社外パートナーも自由に
fields
forward, TIC hopes to produce new culture and new things.”
使えるライブラリシェルフ

ゲストに
緊張感を与えない、入りやすさを重視
した
デザイン
。会話がはずむようにコーヒーも
サーブ。

The word innovation was first recorded in 1912 by Joseph
Schumpeter (1883–1950) in his book “The Theory of

鳥取県

We look forward to what will be produced by TIC, as the
core of Daikin’s innovation. D

External Collaboration

産学マッチングセミナーの様子
多様な目的を持った人々
が最初に訪れ、
オープンスペースでの大規模な技術展示会
オープンな情報交流スペース
集まる、 の入口となるシェアードスペース
Interaction
with people from different
fields of work is essential

The iCafe kick-off meeting, held at the Future Lab. R&D engineers
from different fields expressed their high hopes in iCafe. (November 27, 2015)

for nurturing innovation

Seminar matching industry and academia with Tottori Prefecture.
Over 40 companies participated. The chief director of the Japan
Hyo-on Association introduced freezing technology, and Tottori University vice-president presented new medical equipment
development research. (March 16, 2016)
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The Story of Fluorine ❶

A Basic Gas

Recent External Presentations

What exactly is fluorine?

We are Surrounded by Products which Use Fluorine
The development of materials containing fluorine
Automobiles
Munitions
Medicine
Chemical industry
Food
Machine components
Agriculture
Kitchen electrical appliances
Fiber processing
Civil engineering and construction
Expansion of applications

The age of
invention and
discovery

Industrialization and
commercialization
of important polymers
Development along with
high economic growth

A promising era when particular aims
are not deﬁned,
and utility is not questioned.
Blessed with needs which appear
in diverse industrial ﬁelds.

1930

F

’40

luorine is considered essential for realizing a convenient,
comfortable, and secure lifestyle.
Today, we benefit from the miracle
of fluorine. It is used in most things
which assist us to live comfortably,
including home electrical appliances
such as food preparation equipment
and air conditioning. It is also used
in everything from sporting wear
through to automotives, aircraft,
and high-rise buildings as well as
semiconductors, PCs, fuel cells, and
other advanced technologies. It is
also used in toothpaste for prevention of caries, in medicines, and in
the field of agriculture.
Fluorine has the atomic number
of nine, and is an element in the
same group as halogen. It is the
next smaller element to hydrogen,
and is found extensively in nature,
for example, in rocks, soil, and sea
water. It is contained in great quantity in fluorite, which is an important
source for fluorine.
A characteristic of fluorine is
that it produces a strong chemical bond with most elements. The
fluorine compounds formed have
various properties, such as heat,
chemical, and weather resistance,
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⇔ Sophistication
Advanced ﬁelds and
functional materials

Meeting new environmental
needs in advanced ﬁelds

Semiconductor
Electrics and electronics

Batteries and energy
Environment and communication

’70

’80

nonadherence, water and oil repellency, and special electrical properties. In addition, many of these
properties coexist in the same
materials. These properties allow
the wide range of potential applications for fluorine.
he existence of fluorine was
known in the 16th century,
however its only use was in the
form of fluorite, which was used as
a fusing agent in iron production. A
breakthrough in the study of fluorine
occurred in Sweden in 1771 when
Carl Scheele combined sulfuric acid
with fluorite, leading to the discovery of a new acidic substance.
At the time, this substance itself
was not classified, but in 1810,
French scientist Andre-Marie
Ampere extrapolated the existence
of fluorine, and named the new
element. Isolation of fluorine was
first achieved in 1886. Based on
this achievement, French chemist
Henri Moissan later received the
Nobel Prize in Chemistry, however
the most significant development in
fluorochemical research came more
than 40 years later.
Later, successive developments
of fluorine compounds with special

T

’90

2000
0〜

Since the 1980s, fluorine compounds have
increased in sophistication, and applications
have expanded. It has
played an important role
in supporting development, and is increasingly used in advanced
technologies such as
semiconductors, electrics, communications,
and fuel cells, along with
the fields of medicine,
food, and agriculture.

properties were made including
fluorocarbon, an organic compound
of carbon and fluorine, in the 1920s;
and the discovery of polytetrafluoroethylene, a well-known fluorocarbon resin, in 1938.
Daikin Industries developed
fluorocarbon through its own technologies, commencing production
in 1942. Following World War Two,
during Japan’s period of rapid economic growth, fluorine chemistry
was used in a wide range of fields
including the chemical industry,
automotives, fiber, and civil engineering and construction. Daikin
Industries has developed as a comprehensive fluorochemical manufacturer, working on applications such
as refrigerants for the air conditioning it is renowned for, along with
fluorocarbon resin, water and oil
repellents, and fluoroelastomers.
Currently, fluorine is gaining global
attention in new materials such as
nanomaterials, and in the field of
clean energy. Daikin Industries
believes in the unlimited possibilities of fluorine and is striving for its
further development. D

We strive to generate innovation through mutual activities which transcend both internal division lines and also the
framework of Daikin itself. We will introduce some of the research presented at TIC between October 2015 and
November 2016. Through this, we aim to encourage new themes of collaboration for technology development.
Academic Papers
Title of paper

Paper/Proceedings

Estimation of Indoor Environment using Variational Continuous
Assimilation Method

The Society of Heating, Air-Conditioning Sanitary Engineers October 2015
of Japan (223)

Presentation date

Application of an Indirect Matrix Converter for Air Conditioner

IEEJ Transactions on Industry Application Vol.135 (2015)
No.10

July 2016

Application of N-fluoropyridinium salts to battery materials

Journal of Fluorine Chemistry Vol.183 (2016)

April 2016

Recent Technical Trends in PMSM

IEEJ Transactions on Electrical and Electronic Engineering
Vol.11, Issue6

November 2016

Numerical method on predicting distribution of leaked refrigerant in
indoor space and its experimental observation

Transactions of the Japan Society of Refrigerating and Air
Conditioning Engineers 33(2), 2016

June 2016

International Conference
Title of paper

Paper/Proceedings

Presentation date

Development of High Efficiency VRF Systems under Partial Heat Load
for Commercial Buildings

The 12th REHVA World Congress CLIMA 2016

May 2016

Performance Evaluation of Heat Pump System using R32 and
HFO-mixed Refrigerant at High Ambient Temperature

2016 Purdue Conferences

July 2016

Evaluation of Performance of Heat pump using R32 and HFO-mixed
Refrigerant by Refrigeration cycle simulation and Loss analysis

2016 Purdue Conferences

July 2016

Research on Optimization of Heat exchanger in Heat pump using R32
and HFO-mixed Refrigerant

2016 Purdue Conferences

July 2016

Measurement Method of Vibration on Swing Compressor and Its
Application to Vertical Vibration of Accumulator

2016 Purdue Conferences

July 2016

Development of a refrigerant to refrigerant heat exchanger for high
efficiency CO2

2016 Purdue Conferences

July 2016

A study of high efficiency CO2 refrigerant VRF air conditioning system

2016 Purdue Conferences

July 2016

Corrosion of Al Alloys During Repeated Dry-Wet Cycling Tests with
European Corrosion Congress 2016
NaCl Solutions - Effect of NaCl Concentration on Corrosion of Al Alloys

September 2016

Numerical Calculation of Magnetic Hysteresis Property Taking into
Account Magnetic Anisotropy of Electrical Steel Sheet

The 17th Biennial IEEE Conference on Electromagnetic
Field Computation (CEFC 2016)

November 2016

3D Numerical Analysis with Magnetic Hysteresis for Evaluating
Magnetic Phenomena from H-coil on Stator Core of Electric Motor

The 19th International Conference on Electrical Machines
and Systems (ICEMS 2016)

November 2016

Title of paper

Paper/Proceedings

Presentation date

The effects of ambient temperature on thermal sensation, body
temperature and sleep quality in summer

Kinki Chapter of The Society of Heating, Air-Conditioning
and Sanitary Engineers of Japan

March 2016

Developments of solution processable semiconductive materials for
organic photovoltaic cells

Proceedings of the IEICE General Conference (2016)

March 2016

Others

The Institute of Electronics, Information and Communication Engineers Japanese Journal of Applied Physics

April 2016

Development and Application of Drop Impact Simulation Technology
for Air Conditioning Units

Japan Packaging Institute

April 2016

Dependence of Cl- concentration on corrosion mechanism of Al alloy
under repeated wet-dry cycling condition

JILM Annual Meeting (springtime)

May 2016

Micro-watt order power generation by miniaturized energy harvester
using coatable PVDF piezoelectric thin film

IEEJ Technical Meetings (Division E)

June 2016

A control method of a single-phase-to-three-phase power converter
with an active buffer for increasing voltage transfer ratio

2016 IEE-Japan Industry Applications Society Conference

August 2016

Development of Heat Exchangers for High Efficiency Mult-stage CO２
Refrigerant Air Conditioning System

2016 JSRAE Annual Conference

September 2016

Utilization of CAE for Developing a Micro Hydropower Generation
System

Mechanical Engineering Congress, 2016 Japan (MECJ-16)

September 2016

Controlled cationic copolymerization of a vinyl ether macromonomer
having a perfluoropolyether side chain and self-assembly behavior of
block copolymers

65th Symposium on Macromolecules
The Society of Polymer Science, Japan

September 2016

Pellet Shape Optimization for Flowability Improvement of Resin Pellets JSME 29th Computational Mechanics Division Conference
by Dynamic Explicit Finite Element Method
(CMD2016)

September 2016

A Consideration of Radiated EMI Generated from Power Electronics
Apparatus

2016 Hokkaido-Section Joint Convention of Institutes of
Electrical and Information Engineers (Japanese)

November 2016

Structure of anodic oxide film on Al alloy surface and formation of
defect of film

The 131st Conference of Japan Institute of Light Metals

November 2016
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