Key Technology ❶

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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