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"Globalization"” is the theme of the special feature
in this No. 10 issue of the JATCO Technical Review.
What came to mind as | thought about writing this
preface was a book entitled The World is Flat: A
Brief History of the Twenty-first Century, written by
Thomas L. Friedman, an American journalist.
Published in 2005, this bestseller discusses various
momentous social changes that have taken place at
the beginning of the 21st century. The following
paragraph is quoted from the dust jacket of the
Japanese translation® that came out in 2006.

"Global systems have changed profoundly during
the period while Japan's economy has been stagnant.
The appearance of new communication technologies
has made it possible for people all over the world to
work together on collaborative projects and gave rise
to the practice of outsourcing work to India and
China. Blogging and Google give individuals
connected to the Internet global competitiveness;
Wal-Mart and UPS are developing new businesses
beyond people's imagination. The way people work,
corporate business models and even national systems
are now changing at a breakneck pace. These
dramatic and immense changes aptly illustrate 'the
flattening of the world'."

Today, five years later in 2010, outsourcing
destinations like China and India are being further
transformed into gigantic markets.

In The World is Flat, Friedman uses the
information technology (IT) revolution typified by the
Internet and the horizontal division of labor as two
approaches for depicting the ongoing flattening of the
world. Naturally, these changes have also
substantially affected our monozukuri (i.e.,
manufacturing) activities at JATCO, which plays an
important role in the automotive industry. Like many
other companies, JATCO first established local bases
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for sales activities in the United States and Europe,
representing the world's leading automobile markets.
Subsequently, we initiated offshore development
activities by founding JATCO Korea Engineering
Corporation (JKE) in Seoul, Korea in 1998. On the
manufacturing front, we expanded our CVT
production centers by opening a plant in Mexico in
2005 and another plant in China in 2009. The special
feature of this issue focuses on the experience and
knowledge we have gained through these moves to
globalize our operations.

Products like vehicles and automatic transmissions
are said to have an "integral type" of product
architecture.” Japanese manufacturers have created
highly competitive integral architecture products
backed by strengths in "integrated monozukuri® in
which the departments involved work closely together
to carry out manufacturing activities. How can these
strengths be used effectively in globalized
monozukuri operations? This question is the first
issue that we are striving to address at JATCO.

A second issue that we must address in the
globalization of our operations is how to cope with
the expanding automatic transmission market.

The principal markets for automatic transmissions
(two-pedal transmissions) have so far been the United
States and Japan. However, the percentage of vehicles
fitted with a two-pedal transmission is also increasing
in Europe in connection with the optimization of
driving operations for reducing CO. emissions and
demands for more comfortable driving.
Unfortunately, European customers do not appreciate
the driving feel obtained with a torque converter or a
CVT. The reason is that they think it natural and
preferable for the engine speed and vehicle speed to
change in synchronization in a powertrain system
where the engine and manual transmission are linked
by the clutch.

Customers in emerging markets like China and
India, on the other hand, are mostly people who are
buying a vehicle for the very first time. One critical
factor here is whether two-pedal transmissions can
deliver their intrinsic value of "driving comfort™ in
these markets with their existing road environments.
This question is more important than customers’
personal driving preferences.

Customers' preferences and demands for two-pedal
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transmissions are formed in the context of the road
and traffic environments found in local markets
around the world. Considering this fact, not only the
automakers but also automatic transmission
manufacturers themselves must be thoroughly
familiar with road and market environments
worldwide as well as with customers' driving
preferences.

In this regard, globalization presents a new set of
challenges for our monozukuri operations. At
JATCO, we intend to move forward with further
efforts to globalize our activities, drawing upon our
passion for monozukuri.

References

(1) Thomas L. Friedman, The World is Flat, Translated into
Japanese (two volumes) by Iwan Fushimi, Tokyo: Nikkei
Inc., 2006.

(2) "Information Technology and Manufacturing Industries in
Japan,” an article by Takahiro Fujimoto, Professor,
Graduate School of Economics, University of Tokyo, July
2007 (in Japanese).
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1. Introduction: airline industry trends

The airline industry is currently at a major turning
point. Fierce market share competition has been
unfolding between long-established airlines known as
legacy carriers and newly founded companies called
low-cost carriers (LCCs). The shakeout among legacy
carriers and the dramatic advances of the LCCs have
often been reported in the news recently. The LCCs
are using previously unimaginable low fares and
service as their business weapons. The question of
how a legacy carrier like ANA can compete
effectively with such LCCs is an extremely difficult
issue for the management of our business. It appears
to me that not only the airline industry but also other
industries are facing a similar transition. For example,
the automotive industry is undergoing a shift from
conventional gasoline engine vehicles to hybrid
vehicles (HVs) and electric vehicles (EVs). The
number of arrivals and departures at airports in the
Tokyo metropolitan area is being expanded, notably
by the recent inauguration of more regular
international flights at Haneda Airport. That
development and the progress of "Open Skies"* talks
have suddenly ushered in a new age of intense
competition with overseas carriers, including LCCs.
ANA is facing a momentous turning point that will
truly test our ability to cope with these changes in the
coming years. We are well aware of the world
depicted in the theory of evolution in which only
those capable of adapting to change survive. All
members of the ANA Group feel that we must have a
sense of urgency in that unless we change, we will
perish. At the same time, we must take advantage of
the wisdom and experience of the 30,000 members of
the ANA Group to transform this pinch into an

*ANAOOOOOOOO0O0

Administration, Engineering & Maintenance ALL NIPPON AIRWAYS CO., LTD.
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opportunity, instead of merely heightening the sense
of urgency, even though the situation is severe. We
intend to tackle this challenge with the strong
conviction that we will definitely succeed in this
fiercely competitive age.

*Open Skies refers to an agreement whereby airlines
are free to determine their routes and number of
flights by themselves. Under the present system
these matters are determined by the countries served
by the airline service.

2. Building an airline that ranks alongside competitors

For many years domestic routes constituted the
core of ANA's corporate strategy. However, in 2002
the company formulated a fundamental strategic
vision that set the goal of being the number one
airline in Asia as the Group's business objective.
However, due to the global recession triggered by the
collapse of Lehman Brothers, ANA experienced two
consecutive years of losses in fiscal 2008 and 2009,
putting severe pressure on the management of our
business. In order to overcome this situation, we set a
new challenge for ourselves of aggressively entering
the global market, making the international flight
business the pillar of our future growth. Our aim is to
become the airline representative of Asia and one that
is favored by ever larger numbers of customers. This
is to be accomplished by expanding our network of
regular flights and enhancing passenger convenience,
including providing better connections. This will
involve developing new routes, especially
international flights from Haneda, and partnering
closely with the global airline alliance called the Star
Alliance. The growth of every employee is looked to
as the driving force for accomplishing this challenge.
The key concepts we intend to pursue here are
globalization, innovation and human resources. In
order to compete equally with the world's airlines in
the years ahead, we need to develop human resources
who possess the zeal to make ANA rank alongside
other international carriers, drawing upon global
perspectives and the power of novel ideas as our
springboard. Such people will be the fountainhead of
our competitive strength, which is why much is
expected of them.
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3. Overview of aircraft maintenance and development
of maintenance technicians

Aircraft maintenance is carried out entirely in
accordance with the maintenance regulations
prescribed by law. There are many different types of
rules and regulations, all of which must be met. They
include the regulations prescribed in the Civil
Aeronautics Act promulgated by the Japanese Diet,
the procedures stipulated in the maintenance manuals
issued by aircraft manufacturers, and the laws and
regulations adopted by aircraft manufacturing
countries, among others. Aircraft maintenance is thus
performed by strictly observing these manifold
regulations.

Aircraft maintenance intervals, scope and other
matters are also specified in detail in various
regulations. For automobiles, a safety inspection is
conducted once every two or three years. However,
aircraft are inspected and serviced according to
various standards and intervals related to flight hours,
number of takeoffs/landings and elapsed time since
manufacture. The maintenance system can be
g broadly classified as
operational maintenance
and regularly scheduled
maintenance. The
former refers to
maintenance work
performed to confirm
the airworthiness of an
aircraft at the time of
every takeoff/landing
cycle, while the latter
refers to maintenance
work done regularly at
certain specified
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maintenance intervals, similar to vehicle safety
inspections.

Regularly scheduled maintenance can be broadly
divided into the three categories of "A Check," "B
Check™ and "HMV (Heavy Maintenance Visit)
Check". These maintenance checks are specified
according to the flight hours, number of
takeoff/landing cycles and the elapsed time since
manufacture of each type of aircraft. (Fig. 1)

Maintenance technicians who service aircraft must
acquire both national and in-house qualifications for
each aircraft model they work on. For instance,
technicians who are qualified to service Boeing 747-
400 jumbo jets have the authority to make a final
judgment as to whether an airplane can be flown or
not after the completion of maintenance work.
However, maintenance technicians who are not
qualified to do maintenance work on this type of
airplane cannot make such judgments. Accordingly,
nearly all maintenance technicians possess both
national and in-house qualifications for servicing
three to four types of aircraft.

The process of obtaining a national qualification
begins with a national certification test that a
technician undergoes in the fourth year after joining
the company. It generally takes about two years to
obtain a national qualification. The company's
personnel development policy specifies that
technicians should subsequently obtain qualifications
to service four types of aircraft by their tenth year
with ANA. The path to acquiring these qualifications
is truly an arduous one. Nearly all of the employees
who have taken the qualification tests say that they
studied harder to pass these tests than they did for
their university entrance examinations. Naturally,
maintenance technicians have to work diligently to
acquire the necessary qualifications and technologies.
In addition to becoming qualified, the company's
perspective for developing maintenance technicians
places emphasis on fostering teamwork and the ANA
mindset.

In the case of a Boeing 747, about 100 maintenance
technicians work every day for roughly one month in
order to service one plane completely. While it is
important for every technician to have high technical
skills, we believe that teamwork and solidarity on the
part of maintenance technicians contribute
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substantially to enhancing the quality of aircraft
maintenance. As they pursue their daily maintenance
activities in a rigorous work environment, all of the
maintenance technicians possess the strong
conviction that the airplanes serviced through the
teamwork of the entire ANA Group are without a
doubt the safest and most secure aircraft in the world.

One concept shared in common by everyone in the
maintenance division, including Group companies, is
the ANA mindset. Maintenance personnel are keenly
aware that their aircraft servicing work creates unique
ANA added value that cannot be produced at other
airlines or aircraft maintenance companies. They
consciously strive to carry out their maintenance tasks
S0 as to ensure the provision of aircraft in which
passengers can always travel comfortably and
securely. For instance, the work of cleaning and
maintaining the cabin areas can stir up dust and dirt,
which, if left behind and seen by passengers, would
not only cause them discomfort, it might make them
feel anxious about the safety of the plane. Therefore,
after maintenance work has been completed, an
airplane is not taken out of the hanger and returned to
service again until a thorough check has been made to
confirm that not even one speck of dust remains in the
cabin. Moreover, with the passage of time cabin
windows may develop small scratches as a result of
being scraped by something. Such scratches do not
have any effect on aircraft safety and not many
airlines replace the windows even if scratches become
more numerous. However, ANA has a rule that
windows must be replaced before scratches make it
difficult for passengers to see the outside scenery.
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Fig. 3 Cabin windows design
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ANA emphasizes the development of maintenance
technicians who combine technical skills, experience
and knowledge with the ANA mindset that is
completely devoted to passenger care. As one
example in this regard, more experienced personnel
advise new employees to think that their own family
members are aboard the airplane they are servicing
and to have that awareness at all times as they
perform their maintenance tasks. In this way, the
practice of always being vigilant while doing one's
job is instilled in maintenance personnel from the
time they are new employees.

4. New technologies of the next-generation Boeing 787

The Boeing 787 features ample technical
innovations over existing aircraft to be aptly called a
next-generation airplane. The body of existing aircraft
is generally made of aluminum alloys, similar to the
use of steel as the principal material of the automobile
body. In contrast, carbon fiber and other composites
are used for over 50% of the 787 body for the purpose
of improving fuel efficiency through weight
reductions (Figs. 2 and 2-1).

Not only do carbon fiber composites help to
improve fuel efficiency substantially by lightening the
aircraft weight, they also have higher material strength
than aluminum alloys, enabling the 787 to be
manufactured with fewer structural members than
existing airplanes. Because the structural members of
the aircraft body are stronger, the cabin can be
designed larger than that of current aircraft. Moreover,
the cabin can be pressurized at a lower level for a
dramatic improvement in cabin comfort compared
with existing airplanes. Cabin windows can also be
designed larger in area to allow passengers to enjoy
the outside scenery more than ever before. Another
notable feature of the 787 is that the light-dark
condition of the cabin windows can be controlled
electrically, making it possible to eliminate the
previous window shade panels completely (Fig. 3).

Existing aircraft air-condition the cabin by mixing
hot compressed air from the engines with cold outside
air in order to regulate the cabin temperature. The 787
adopts a new air-conditioning system that works in
the same way as a home air-conditioner. This means
there is no need to obtain compressed air from the
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engines, making it possible to hold down engine
output, which has the effect of suppressing fuel
consumption.

The electrical harnesses of all the systems on the
787 adopt fiber optic cables instead of conventional
copper wires. Because optical fiber cables are more
resistant to electromagnetic noise than existing metal
wires, large volumes of information can be
transmitted at high speed, enabling the amount of
cables used to be reduced markedly (Fig. 4).

A toolbox system has also been adopted that
maintenance technicians use to check the condition of
the aircraft systems and which also functions as a
troubleshooting support system. This toolbox system
provides a wireless connection between a
maintenance technician's personal computer and the
aircraft systems. Maintenance technicians can now
access Boeing manuals via the Internet from their
personal computers and view the manuals in real time
while doing maintenance work, including checking
the soundness of the aircraft systems and
troubleshooting detected problems. The maintenance
manuals available online via this toolbox system
make it possible to check actual parts against 3D
color diagrams, rather than referring to monochrome
paper manuals. This makes it easier to understand
parts visually, thereby increasing the efficiency of
maintenance work dramatically (Fig. 5).

5. ANA's technological strengths typified by the 787

After repeated delivery delays, the 787 is now
scheduled to debut approximately 3.5 years behind its
initial introduction date. In the second half of 2011,
ANA expects to be the only airline in the world
operating Boeing 787 passenger jets. Following
Boeing's announcement of the development of the
787, ANA was the first airline in the world to order
the airplane in 2004. ANA became the launch
customer* of the 787 by placing an order for 50
planes. As such, we have been involved with the 787
since the design and development stage, contributing
to the design and engineering of a better aircraft. In
terms of passenger comfort and convenience, the
lavatories on the plane will be the first in the world to
adopt washlettes. In addition, it had originally been
decided to remove the cockpit windshield wipers as
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part of the weight reduction measures. At ANA, we
felt that the wipers were essential for ensuring good
visibility by the flight crew, so we had Boeing
redesign the plane with windshield wipers.

In the process of being involved in the design and
development of the 787, the aspect we were most
concerned about was to ensure that the best plane
would be created for our passengers. Toward that end,
thorough use was made of the unique experience,
knowledge and information that we had accumulated
as an airline and which the airplane manufacturer
could not possible know. Ordinarily, in the
development and manufacture of aircraft, top priority
is given to the question of how to satisfy the elements
of safety, quality and comfort. In addition to those
aspects, we strove to incorporate the element of
"peace of mind" into the 787 as our own concept. In
this way, we went beyond our simple position as an
airline and actively made technical proposals to the
aircraft manufacturer in working together to create an
airplane that will be safer and more comfortable for
passengers. In the future, we want to continue
working together to energize the entire aviation
industry in our capacity as an airline capable of
leading aircraft manufacturers and others.

*Launch customer refers to a customer that supports
the launch of an aircraft production plan by placing
a purchase order sufficiently large enough to
convince the manufacturer (Boeing in this case) to
go ahead with the development and production of
the plane (initially the 7E7, but later redesignated as
the 787). (Fig. 6, 6-1)

6. Concluding remarks

Travel time and cost have traditionally been key
factors that have always been considered in selecting
among air, rail and road modes of transportation. In
recent years, the amount of carbon dioxide (CO.)
emitted has also become a factor in the selection of a
means of transportation. Like the automotive
industry, the airline industry is also working hard to
develop more fuel-efficient engines and lighter
aircraft in order to reduce CO, emissions. | think that
both industries, though in different lines of business,
are facing similar circumstances. Incidentally, various
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aircraft components also make use of a transmission.
Flaps, landing gear and other parts are able to move
mechanically by using the principle of a planetary
gear set, like that of an automatic transmission.

Although the products that ANA and JATCO
create are different, | believe that we share the
ultimate common goal of providing our respective
customers with superior service. Even though our
businesses and industries are different, all of us at
ANA would be very happy if we could contribute to
some significant undertakings by both companies,
such as strengthening mutual exchanges in connection
with the development of young engineers who will be
tomorrow's engineering leaders.
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Summaryd JATCO has been proceeding with the
globalization of manufacturing through the
establishment of CVT assembly plants in Mexico and
China. This article considers differences in
manufacturing methods between our overseas
operations and Japan, focusing in particular on
people.
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1. Introduction

JATCO launched CVT production at JATCO
Mexico S.A. de C.V. (JMEX) in November 2005 and
at JATCO Guangzhou Automatic Transmission Ltd.
(JGZ) in April 2009, thus ushering in an age of full-
scale global manufacturing for the company. This
article describes some of the innovative measures
implemented in our manufacturing operations, taking
into account national characteristics in Japan, Mexico
and China.

At the outset, | would like to note that national
characteristics are often rooted in culture and values,
among other aspects. | have carefully tried to eschew
stereotypes and base my comments on factual
observations, but they may be somewhat lacking
in objectivity, for which | ask the reader's
understanding.

2. People of Mexico and China

There are differences in national characteristics
between Japan, China and Mexico, but the factor that
has the biggest influence on manufacturing is people.
Here, | would like to focus the discussion on people.

Let us begin by looking at the people of Mexico. As
is well known, Mexicans are very cheerful people. That
may be natural since they live in a country where sunny
weather prevails the year round. This same bright
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disposition is also seen in their approach to doing
things, as Mexicans are highly motivated and have a
positive outlook. On the other hand, they can be quick
to give up and lax about time. Mexicans have high
selfesteem and extremely dislike being scolded in front
of other people. Those traits might be influenced by
Mexico's history of being invaded or its history of
conflict with the United States. While Japanese people
might question the educational standards in Mexico, the
levels are certainly not low. Mexicans have a strong
desire to learn, and when the objective is clearly
defined, they consider the matter thoroughly and come
up with an answer by themselves. One aspect that
should not be overlooked is the relationship between
Mexico and Japan. In 1608, a ship from Mexico was
wrecked off the coast of Onjuku in Chiba prefecture
and the crew was rescued by the villagers. That event
led to continuous exchanges with Japan and is taught
to school children in Mexico, so they have a favorable
impression of Japanese people. Mexicans generally
see Japanese as being earnest and thoughtful, and it
would be safe to say that they respect Japanese
people.

Next, let us take a look at the people of China. As
can be understood from the well-known term
Sinocentricism, Chinese have strong self-esteem and
extremely dislike being scolded in front of other
people, just like Mexicans. Chinese are highly
ambitious and place great value on their own personal
advancement. Once they understand or are convinced
of something, they tackle it very earnestly. Keeping
that in mind, it is essential to define objectives
clearly, as Chinese are apt to neglect their efforts if
objectives are vague. Moreover, in China's socialist
market economy, the government's intentions have an
enormous impact on economic activities. Owing in
part to the influence of the historical relations
between Japan and China, there are certain aspects of
Chinese people that are hard to understand.

The foregoing discussion has briefly described the
people of Mexico and China. They share the
following points in common.

OThey have strong self-esteem and dislike being

scolded in front of others.

OThey work hard to achieve clearly defined

objectives.

OThey value their own advancement.
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3. People of Japan

Japanese tend to understand another person's
intentions on the basis of a unity of feeling and action
and demand similar behavior in others. Learning on
one's own rather than being taught is regarded as a
virtue in Japan, as can be seen in the Japanese
proverb, "a shop boy near a temple will chant a sutra
untaught." Japanese should recognize that they have
certain cultural traits which are not in accord with the
sensibilities of others. One example is the notion that
in the process of teaching something you sometimes
go so far as to ignore the dignity of the ones being
taught and scold a person in front of others. Another
problematic point is the belief that Japanese are good
at problem-solving. Naturally, solving problems is
important, but there is a tendency to see only the bad
things and to lack a posture of trying to build on
another person's strong points. In Japan, people who
have attained the same level of education share many
things in common. The meaning of a single
vocabulary word, for instance, will be understood by
everyone in virtually the same way. Moreover, people
do not hesitate to use words that are difficult to
understand. However, Japanese should not think that
all people in other countries automatically know in
which direction the x-axis or the y-axis points.
Japanese should realize that some things they take for
granted are not always taken for granted overseas.

I have seen many Japanese who did not
comprehend that point and became irritated with local
people for not understanding something that the
Japanese person was trying hard to teach them.

Japanese should carefully confirm that what they
say is really being communicated to another person.
When teaching others, Japanese should at least think
through a way of teaching that transforms personal
implicit knowledge into formal knowledge for others
to understand. Furthermore, it is necessary to consider
the other person's dignity when teaching. Above all, it
is important to skillfully bring out the strong points of
others.
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4. Global Manufacturing Methods

The previous sections described various differences
among the people of the three countries. In addition to
those points, there are other characteristics that are
peculiar to each country such as labor laws and
employment contracts. It seems to me that Japan is an
exceptional case when it comes to people. In the
process of establishing manufacturing operations
overseas, Japanese methods will also work in other
countries if the approach taken is devised on the basis
of the shared principles described in Section 2 and an
understanding of the weak points of Japanese
explained in Section 3.

Naturally, morals, order and discipline are
necessary. There is significance in instilling these
aspects that are firmly rooted in Japan. For example,
not bringing food into the workplace and cleaning
work areas thoroughly ensure the stable operation of
equipment and prevent foreign matter from getting
into products. Wearing one's uniform in a slovenly
manner can lead to injuries. If the meaning of such
actions is properly understood, other people will also
observe them as a matter of course.

Another important thing is to give people clearly
defined goals. Assigned goals should be measurable
quantitatively and should always be visible. In order
to heighten motivation, it is important for top
executives to praise employees and give them
inspiring pep talks.

Still another important aspect is to get people to
think. Many employees are ambitious and desire most
of all to advance themselves. Managers should always
get them to think about ways of implementing small
improvements repeatedly. In that way, every
individual will feel a sense of personal advancement
and will remain highly motivated. Before long,
repeated small improvements will be made more
quickly and lead to major improvements.

5. Innovations in Overseas Manufacturing Operations

Here, | would like to describe some examples at
JMEX. JMEX has a work code called the ten articles
of discipline. While I will not go into the details here,
these articles specify rules about such things as not
bringing food into production areas and the proper
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way of wearing a uniform. How well employees are
observing these rules is monitored periodically.

Another example is the IMEX Activity Board (Fig. 1).
JMEX uses many Activity Boards and the way they
are used is unified across all the production lines. The
board is divided horizontally into three rows. Graphs
are posted in the top row to show each line's present
status with regard to QDC (Quality, Delivery, Cost)
targets. Unified QDC indexes are defined for all the
lines and the forms used are also unified. From the
second row down, data and the results of analyses are
shown to indicate what issues have been addressed
and what improvements were attempted. The
production lines are free to post whatever they want
in the second and third rows, but this space is also
used to present the results of management reviews.
The lower right area is for posting measured data
about the discipline articles mentioned earlier. The
information posted on an Activity Board makes it
possible to know the status of every line at a glance.
Lines can also be compared easily because unified
indexes are used.

Activity Boards are used in efforts to resolve
problems at regular management review meetings
attended by the president, the manufacturing division
head, foremen and team leaders (Fig. 2). All of the
lines and also support teams, including inspection and
maintenance, undergo a monthly review by
Subdirector General Jose Luis Bravo Zarza and
JMEX President Kikugawa. Top management can tell
from the Activity Boards if lines are deviating from
the specified goals and urge the foremen and team
leaders to implement solutions.

Other JMEX systems include a morning meeting
called Quick Response Quality Control (QRQC), the
practice of instituting improvements through shop
floor control groups, a suggestion system for all
employees and an incentive system called
productivity bonuses. While the details of these
various systems have been tailored to match national
characteristics, the ideas originated in Japan and the
approaches do not differ appreciably from the
manufacturing methods used in Japan. However, the
ideas mentioned in the previous section regarding
discipline, morals, setting definite goals and getting
people to think have been instituted in more concrete
and different forms from what is found in Japan.
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6. Concluding Remarks

This article has considered how national
characteristics, especially people, influence
manufacturing methods. To be sure, people differ
from one country to another. However, at the same
time, common principles unrelated to nationality also
exist for motivating people. If those principles are
skillfully used, Japanese manufacturing methods can
be fully transplanted to overseas operations. In that
sense, one can safely say that there are really no
national differences in manufacturing.
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Summary[] This article describes the global situation
for automatic transmission vehicles based on a study of
their present status in various markets around the
globe. In order to capture market share in the future, it
will be essential to develop low-cost transmissions
primarily for China and other emerging markets and
fuel-efficient transmissions that can win the fuel
economy battle in the Japanese and American markets.
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1. Introduction

The percentage of vehicles equipped with an
automatic transmission (AT vehicles) in the Japanese
and American markets exceeds 90% today, creating a
situation where it is taken for granted that a manual
transmission is probably not available on ordinary
passenger car models (MT vehicles). This situation is
the exact opposite of what it was 30 years ago. At that
time buyers choosing AT vehicles were in the
minority because such cars were expensive, their fuel
economy was poor, and they were thought to be hard
to drive. Three-speed units were the mainstream ATSs
then, and there was a strong impression that AT
vehicles were for people who were not good at
operating the clutch, i.e., who were poor drivers.

However, changes in traffic conditions, such as
worsening congestion, and advances in AT
technology since then have promoted the diffusion of
ATs in North America and Japan, resulting in their
predominance today. There are distinct regional
differences regarding transmission usage, however, as
MT vehicles account for over half of the vehicle
population in Europe. This article considers future
trends in AT vehicles, based on such regional
characteristics. The types of ATs considered here are
multi-speed ATs (referred to as stepped ATS) built
with planetary gearsets, continuously variable
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transmissions (CVTs), dual clutch transmissions
(DCTs) and automated manual transmissions
(AMTs).

2. Overall Global Situation

Figure 1 breaks down the total vehicle production
volume in each region of the world in 2008 by
the type of transmission used and shows the
corresponding projections for 2020. These data are
based on an analysis done by CMS Worldwide, a
market research company. Previously, global vehicle
production was often discussed largely in terms of the
three major markets of Japan, America and Europe.
However, as the statistics in this figure make clear, in
addition to Japan (including South Korea), North
America and Europe, the markets of the so-called
BRICs (Brazil (plus other South American countries
here), Russia, India and China) cannot be ignored
today. This is particularly true for China, which has
become the most important market, where the vehicle
production volume is projected to grow threefold
from 2008 to 2020.

North America

2008 2020
12,638K 15,896K

2020
22,894K

2008 2020
3,745K  5,963K

South
America

Fig. 1 Actual and projected vehicle production volumes and percentage of AT vehicles
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3. Situation in Each Region

This section looks at the situation in each region
separately. Figure 2 shows the volume of MT vehicles
and a breakdown of the AT vehicle volume by engine
torque in each region in 2008 and in 2016. The
situation in each region is explained below on the
basis of these data.

3.1. Situation in Japan / Korea

The percentage of AT vehicles in Japan already
exceeds 95% of new car sales. Japan and the U.S. rank
together as the two markets where AT vehicles are
most predominant. This figure will not rise above the
present level though, as the absolute vehicle volume is
now saturated. From the standpoint of transmission
technology, however, an extremely competitive
environment exists among different AT types. Other
distinctive characteristics different from other regions
are the high percentage of CVT-equipped vehicles and
the large ratio of small cars fitted with an AT. In
Japan's unique minivehicle segment in particular,
consumers have traditionally purchased these vehicles
both for their low initial cost and low running cost.
Accordingly, 3-speed and 4-speed stepped ATs were
previously the mainstream gearboxes, but many
models have offered a CVT these past two or three
years. Amidst the recent boom in eco-friendly
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vehicles, CVT-equipped cars have sold well because
of their widespread reputation for efficiency, owing to
the public's impression that a CVT equals good fuel
economy. This sales situation is another characteristic
found only in Japan. The automakers have also
adopted a sales strategy of providing enhanced
equipment features on CVT-equipped models
compared with MT vehicles, so as to heighten the
impression of value for money. This situation is also
quite different from other regions. However, as might
be expected, hybrid electric vehicles (HEVSs) have
been in the limelight recently because of their
excellent fuel economy exceeding 30 km/L and the
government's subsidy program for the purchase of
eco-friendly cars. Without a doubt, the spread of low-
cost HEVs in the future will create a fiercely
competitive market situation in which manufacturers
will not be able to raise their prices unduly simply
because a vehicle has good fuel economy.

In South Korea, the percentage of AT vehicles has
risen rapidly in recent years, surpassing 90% in 2009.
This increase can presumably be attributed to the
worsening of traffic congestion in urban areas and to
the ongoing growth of the Korean economy. A lot of
1-liter class vehicles are on the road in urban areas
due to the widespread practice of parking on the street
and the general prevalence of narrow streets except
for arterial roads. The percentage of AT vehicles in
this class has also risen in recent years, resulting in a
market that very closely resembles Japan's. Korean
customers' demands for performance, including
quietness, differ from those of consumers in Japan,
making it necessary to pay careful attention to
performance targets. The first CVT-equipped vehicles
put on the market in Korea had a rubber belt drive
system that lacked durability, so Korean buyers have
the impression that CVTs soon break down. That
image has made automakers cautious about adopting
CVTs on vehicles sold in Korea.

3.2. Situation in America (including Canada and Mexico)

While overall vehicle demand is projected to
increase in America, the second market where AT
vehicles predominate, the percentage fitted with an
AT is not expected to change much (Fig. 2). The
transmission breakdown in Fig. 1 indicates an
increase in DCTs and a slight rise in CVTs. An
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increase is forecast for the use of DCTs on vehicles in
an engine torque range of 150-250 N-m. This is
related to the actual adoption of DCTs or plans for
their use by Ford and Chrysler, the latter now allied
with Fiat, among other automakers. With the Japanese
automakers mainly planning to supply CVT-equipped
vehicles, the American market will undoubtedly
become a battleground between CVTs and DCTs. At
present, CVTs already enjoy a good reputation in the
market. As DCT-equipped vehicles are launched in
the coming years, a key question will be whether their
other performance attributes besides fuel economy
will be accepted by consumers. In this market where
start-off acceleration capability is especially
important, DCT performance in this regard will likely
be the telling factor of their acceptance. Another
feature of the American market is the prevalence of
large pickup trucks. It is projected that more speed
ranges will be added to the transmissions used in the
rear-wheel-drive systems of these vehicles. Large
pickup trucks have traditionally been the exclusive
segment of the U.S. Big Three automakers. The
automakers or their selected transmission maker
partners are expected to add more speed ranges to
their stepped ATs.

3.3. Situation in Europe (including Russia)

Europe is a large market in terms of the total vehicle
sales volume, but the percentage of AT vehicles is low.
It is projected that AT vehicles will account for around
30% of total vehicle sales in the future. In terms of
transmission type, an increase in DCTs is forecast in
the coming years. The reason is that the DCT is a
technology that originated in Europe. In short, it was
originally an MT technology, so it is easy to imagine
that DCT sales will increase in Europe where
production of this type of gearbox enjoys an
advantage. However, stepped ATs are expected to
increase in this market as the transmission for rear-
wheel-drive vehicles with a high-torque engine.

One presumed reason why AT vehicles are not well
accepted in Europe is that the slipping of the torque
converter resembles the slipping of the clutch on an
MT vehicle, which gives the impression that the
transmission is broken. It has long been pointed out
that this behavior runs counter to the driver's wishes.
However, the DCT has been accepted as a new
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technology in markets other than Europe, but sales
have not risen as much as was expected. Even though
traffic congestion is terrible in big cities in Europe, a
switch to automatic shifting has not progressed. One
reason for this is probably the price difference. There
is a large price difference between an MT and an AT
on vehicles in the C segment and lower. Additionally,
when an AT breaks down, it often makes the vehicle
undriveable. European drivers may still have a strong
impression that an AT suddenly breaks down without
any warning. Nonetheless, it is also a fact that a lot of
research is done in Europe, particularly in Germany,
concerning the improvement of AT efficiency, the
addition of more speed ranges and other aspects.

3.4. Situation in China

In China, over 30% of new vehicles today are
equipped with an AT. The forecast for 2016 shows no
change in the percentage of AT vehicles, but since the
total vehicle demand is projected to triple, it will
increase the number of AT vehicles accordingly. As
seen in Fig. 1, the percentage of DCTs is expected to
rise substantially. This is largely due to the support
provided by the Chinese government for the adoption
of new technologies. The government recognizes the
DCT as a new technology and provides financial
assistance to those engaged in related R&D activities.
Many companies are considering adopting DCTs on
that basis, which explains the projected increase.
However, the actual adoption of DCTs on production
vehicles will bring quite a few technical issues to the
surface. One such issue is price. The price of MTs in
China is exceptionally low, whereas ATs cost twice
as much or more. When that difference is added to the
price of a vehicle, it makes the vehicle extremely
expensive. Domestic manufacturers in the Chinese
market are worried that this price difference may
dampen consumers' desire to purchase a vehicle.
Overseas manufacturers have adopted a pricing
strategy of offsetting the price differential though
specification differences, including interior
equipment features. However, domestic
manufacturers cannot do that because their vehicles
are low-cost products from the beginning. In addition,
today's ATs require cooperative control with the
engine, but it is difficult for the old control systems of
Chinese-made engines to accommodate that
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requirement. In this regard, most engine controls have
traditionally been created by European and American
companies engaged in control system development,
and they have also taken on the development of AT
control systems. There are no domestic Chinese
companies that are capable of developing control
systems by themselves and conducting homologation
testing. Activities in this area are done entirely by
foreign capital companies, and domestic
manufacturers are not in a position to take the
initiative. Against this backdrop, small cars fitted
with engines generating 250 N-m of torque or less are
actually increasing at present. It is expected that
relatively inexpensive 4-speed stepped ATs will be
the mainstream transmission initially.

The general thinking has been that the 4-speed ATs
that are currently the principal automatic gearboxes
will have a difficult time complying with the Phase 111
fuel economy standards by 2016. It has been
speculated that either the standards would be relaxed
or some preferential measures would be adopted for
domestic Chinese manufacturers. However, among
the vehicles that have been publicly announced as
complying with the Phase 11l standards, there are
several models equipped with a 4-speed AT (Fig. 3).
These AT vehicles comply with the standards as a
result of sacrificing power performance to some
extent by setting the final gear ratio on the high side.
Presumably, this indicates the wisdom of the control
system teams of the European and America
manufacturers that have already dealt with exhaust
emission regulation compliance.

Another issue is the high duties levied on imported
products. The importation of auto parts is limited
because they are subject to duties of over 20%. Because
ATs are originally expensive parts, it is projected that
many companies will avoid these high import duties by
building AT assembly plants in China.

Given these circumstances, there is no doubt that
low-cost vehicles will sell well in the next few years.
If the cost difference with MTs can be reduced to
make the price of ATs more reasonable, they can be
expected to spread rapidly. Looking only at the
volume of vehicles, the number of AT vehicles will
increase in the coming years as China's GDP
continues to rise, owing to the enormous size of the
population. However, since the overall vehicle
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population will expand mainly due to the increase in
low-cost vehicles, fierce competition can be expected
in the AT market.

3.5. Situation in other regions

Large markets in other regions include South Asia
centered on India and South America. As seen in
Figs. 1 and 2, both of them are primarily MT vehicle
markets. It can be expected that low-cost vehicles will
also increase in these markets in the future, and the
cost difference of AT vehicles will be an influential
factor. Unlike China, there is no government support,
and only European, American, Japanese and Korean
automakers are active in the South American market
where there are no domestic vehicle manufacturers.
All of these automakers build vehicles locally and
MTs are the mainstream transmission. Traffic
congestion is severe in cities everywhere in both
regions, and there are strong demands for automatic
shifting, but ATs are available only on some models
because of the higher vehicle cost. Like the Chinese
market, it is projected that the introduction of ATs
that are closer to MTs in price would increase the
share of AT vehicles. Similar to the situation in Japan
and South Korea previously, consumers probably will
not spend money for an AT until the economic level
has risen further as time goes on.

4, Conclusions

1. China is presumably the market where AT vehicles
will see the most growth in the coming years.
However, low cost and compliance with the Phase
Il fuel economy standards will be critical
requirements.

2. Fuel economy is the key point in the Japanese and
American markets where there are basically large
AT vehicle populations. While AT vehicle demand
will not increase further, fierce competition among
different types of ATs will continue.

3. A sharp increase in the percentage of AT vehicles
in Europe cannot be expected. Even if the public
impression of AT (CVT) slipping and driveability
are improved, it will not lead directly to the
replacement of MT vehicles. Continued research
and study will be needed to promote greater use of
ATs.
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Summaryl Global sales of new vehicles plummeted
sharply after the collapse of Lehman Brothers in
September 2008, but recovered more quickly than
expected. However, the structure of the global market
has changed profoundly. Instead of the Japanese,
American and European markets that previously led
the automotive industry, remarkable sales expansion
is now being seen in emerging markets, especially in
the BRIC countries. JATCO early on established a
production base in the Chinese market, which became
the world's largest in terms of annual vehicle sales in
2009. The volume of our transmission production in
China has risen substantially so as to meet the
demand from customers. In order to get customers in
global markets to purchase our JATCO products in
the coming years, it will be important to identify local
needs quickly in other emerging markets and feed that
information back to our product development
activities and business strategy, just as we have done
for the Chinese market. As part of that effort, we
conducted a survey of India's vehicle market, which
has been expanding rapidly like China's market. This
article describes the results of the survey.
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1. Overview of India

General details about India and its economic
indicators are given in Table 1. India has a population
of 1.18 billion people and an immense land area about
nine times larger than Japan. It is a country of many
languages, ethnic groups and religions. It is projected
that India's population will exceed China's in 2025 to
become the world's largest. Unlike China and Japan
where the population is aging rapidly, the
composition of India's population in terms of age is
expected to retain its pyramid shape until around
2050. This means that an abundant labor pool and
consumption capacity will continue for a long time in
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Table 1 Overview of India

Ttem Details
Population 1,186,170,000 (2008)
Area 3.29 million km’ (approx. nine times larger than Japan)

Languages Hindu (official), English (semi-official), 21 other major languages

Ethnic groups | Indo-Aryan, Dravidian, Austro-Asiatic, etc.

Religions Hinduism, Islam, Christianity, Sikhism, Buddhism, Jainism

Government Federal system of 28 states and 6 directly administered union territories
GDP Approx. $1.2 trillion; $1,016 per capita; growth rate of 7-8% (2008)
Exchange rate | 1 rupee = 1.8 yen (as of October 2010)

Interest rate Benchmark interest rate of 6%

Trade balance | Deficit of $117.1 billion (estimate for fiscal 2009)
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Fig. 1 Breakdown of India's vehicle market
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the coming years. Accordingly, one characteristic
feature of India is its very high potential for future
growth. In addition, India is a democratic country,
which has both positive and negative aspects in that
decision-making takes time, but once a decision is
made, it is faithfully executed.

2. Vehicle Market in India

2.1. Market share by automaker

Passenger car sales in the first half of fiscal 2010
rose 33% year-on-year to reach 1,176,000 units. Unit
sales for the year are expected to surpass two million
vehicles. Figure 1 shows a breakdown of the market
share by automaker in fiscal 2008. Maruti Suzuki
accounted for well over 40% of the total unit sales,
followed by Hyundai and then Tata. Hyundai's market
share in particular has risen noticeably in recent
years. The company has chosen famous Indian movie
stars to represent its brand image, thereby improving
its corporate image and market share. (Hyundai's
booth always attracts the most visitors at auto shows.)
While small cars with an engine torque of 150 N-m or
less form the bulk of the market, luxury brands like
BMW, Mercedes-Benz and others also sell well.
Mercedes-Benz and BMW also have knock-down
production plants in India.

India's importance as an export base for small cars
especially to Eastern Europe has been increasing in
recent years. Hyundai exports over half of all the
vehicles produced at its Indian plant. Nissan, VW,
GM, Toyota, Honda and other automakers also see
India as a base for producing small cars and are
planning to increase their local production volumes.

2.2. Customer needs

For the purpose of studying Indian customer needs
and the market potential for two-pedal vehicles,
interviews were held with local vehicle
manufacturers, suppliers and dealers, and a
questionnaire was conducted among 488 users in six
cities.

The most important aspects customers consider
when buying a vehicle are (1) fuel economy, (2) style,
(3) space, (4) initial price, (5) and driving comfort, as
shown in Table 2.

Gasoline costs 44 rupees (80 yen) per liter and
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Table 2 Factors considered when purchasing a vehicle

(Plural answers)

Factor Very important
Fuel economy 55%
Style 52%
Space 44%
Initial price 41%
Driving comfort 35%
Acceleration 31%
Safety 20%
Engine displacement | 20%
Maintenance cost 10%
Type of transmission | 5%
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diesel fuel 37 rupees (70 yen) per liter. Considering
that commodity prices in Japan are about ten times
higher than in India, the cost of fuel is extremely high
(it would seem like about 800 yen/L in Japan). That is
probably why fuel economy ranks as the highest
concern. Accordingly, people who drive long
distances buy diesel vehicles even if the vehicle price
is higher, and there is a general practice of refueling
in small amounts of around 10 liters each time instead
of filling up the tank.

The Society of Indian Automobile Manufacturers
(SIAM) took the initiative to voluntarily adopt a rule
of informing customers of a vehicle's fuel economy
obtained under the Indian test cycle. The information
is provided on a fuel economy label (Fig. 2) that
becomes obligatory in 2011. Few people, however,
trust the fuel economy figures given in catalogs.
Rather, they place importance on the real-world fuel
economy information that they hear from friends or
acquaintances. Reportedly, when people consider
purchasing a vehicle, they check the actual fuel
economy by asking someone who is driving the same
model. One characteristic of the Indian market is the
exceptionally strong influence of word-of-mouth
communication, owing to the widespread prevalence
of mobile phones and close community ties (probably
stemming from the caste system). Along with efforts
to improve real-world fuel economy, it is also
important to strengthen communication with
customers.

2.3. Market potential for two-pedal vehicles
Currently, nearly all of the vehicles sold in India
are fitted with a manual transmission (MT vehicles)
and two-pedal vehicles account for only about 3% of
the total. However, we got the impression that there
are strong latent needs for two-pedal vehicles in view
of India's traffic conditions, characterized by frequent
congestion and many instances of vehicles cutting in
unsafely. In fact, the questionnaire results revealed
that drivers who own two-pedal vehicles think that
automatic transmission (AT) vehicles are superior to
MT vehicles in terms of driving ease and their
excellent acceleration and start-off performance.
Dealer sales people also voiced the same opinion.
Another aspect is that two-pedal vehicles are popular
among women drivers who are becoming more
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Hyundai i20

numerous in urban areas. Perhaps, because of these
factors, Hyundai has been expanding its lineup of AT
commercial vehicles and has been widely publicizing
them at auto shows and in magazines, among other
ways. As the number two automaker in the Indian
market, Hyundai may be trying to promote two-pedal
vehicles as one its attractions for strategically
differentiating itself from the top manufacturer,
Maruti Suzuki. As a result, about 10% of Hyundai's
small i10 cars are now equipped with an AT, which is
a higher percentage than before. This suggests that
there is a potential for rapid growth of the two-pedal
vehicle market in the future.

This trend has also been noticed by Maruti Suzuki,
India's largest automaker. Although it temporarily
discontinued adopting ATs on its vehicles in 2009, it
again resumed offering an AT on the SX4 and A-Star
models in 2010. Compared with Hyundai, there are
large price differences between Maruti Suzuki's AT
and MT vehicles, and its AT vehicles require a long
delivery lead time. Hyundai can soon deliver AT
vehicles, but Maruti Suzuki's lack of AT vehicle
inventories means that customers have to wait a long
time to get an AT car. These issues may be the
reasons why the percentage of Maruti Suzuki's AT
vehicles has not increased as much as Hyundai's.

It is presumed that a large market for two-pedal
vehicles can be created in the coming years by
responding to the needs of Indian customers. That
will involve resolving various issues to promote the
diffusion of AT vehicles, including eliminating price
differences with MT vehicles and addressing delivery
lead time and maintenance issues.

Incidentally, the Mitsubishi Outlander fitted with a
JATCO CVT is sold in the Indian market. While the
sales volume is still small, the paddle shifter on this

Outlander (4.44 million yen)
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vehicle is apparently popular with customers. For MT
vehicles, the transmission fluid should be changed
every 40,000 km, but CVT-equipped vehicles are
maintenance free, which is another point that is
highly appreciated by customers and dealers alike. It
was surprising to learn that customers who use the
same product in different ways find different features
to be attractive. It was also a pleasure to know that,
unbeknownst to us, JATCO products are actively
being used in the Indian market.

3. Indian Market

The survey conducted this time in the three cities of
New Delhi, Pune and Mumbai revealed that the traffic
environment and ways of using vehicles differed in
each city. The simple fact that India is such a big
country means it will be necessary to take steps in the
future to meet different local market requirements.
One of the biggest issues facing India today is the
delay in building infrastructure. At the time the
survey was conducted in January 2010, a construction
boom was under way to build expressways, subways,
airports and other facilities that will probably bring
rapid changes in the traffic environment. We got the
impression that a follow-up survey will be necessary.
In addition, while small cars and low-priced cars
make up the bulk of the market, quite a few luxury
cars are also being sold. The interviews and also
conversations with taxi drivers indicated that Toyota
and Honda have very high brand images in India. We
were impressed by the strong desires people
expressed to buy such vehicles at some future point,
although they can only afford to purchase low-priced
local cars at present.

This suggests that winning customers' trust on the
basis of the total product value, including
performance and quality aspects as well, rather than
focusing exclusively on price, will be a key factor in
JATCO's growth in the Indian market in the coming
years.

4. Globalization
The two weeks we spent in India conducting this

local market survey made us aware once again of the
following three points.
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1. The importance of seeing things with one's own eyes
Initially, we had the impression that roads in India
were narrow and always congested. To be sure, there
is a lot of traffic congestion in New Delhi, but the
situation differs depending on the city. Mumbai and
other cities, for example, have built a network of
arterial roads. Changes take place quickly in
emerging markets, and the circumstances are
changing almost constantly. We felt anew the
importance of getting the latest information by seeing
things with one's own eyes.
2. Breaking down preconceptions

We were under the strong impression that the
Indian market means cheap cars and that the initial
price is the most crucial factor. In conducting the
present market survey, we were surprised to learn that
customers are very concerned about fuel economy
and that they rigorously calculate the total cost of a
vehicle over its entire lifetime, including the cost of
fuel, and not just the initial price. (Perhaps, that is not
surprising since Indians are good at mathematics.) We
also found that consumers have a lot of information
about vehicles, thanks to car magazines and word-of-
mouth communication. We are apt to have the
impression that emerging markets usually mean low-
cost products. This survey made us aware of the
importance of striving to introduce the best products
in each region by ascertaining customer needs and
providing the right technologies to meet them. One
must not stick to preconceived notions in today's
society where information is shared globally.

India is well-known as a place where drivers often
honk their horns. To be sure, the traffic noise in New
Delhi and other cities was horrendous.

Initially, we merely thought that honking the horn
was just a form of self-assertion by drivers, telling
others to give way. However, when we asked Indians
about the reason, we were told that drivers in India
only look ahead of their vehicle while driving and not
behind it; so there is a rule that drivers of following
vehicles are supposed to honk their horn to alert
preceding drivers to their presence. In fact, we saw
signs on the back of Indian trucks saying "Horn
Please". Because truck drivers do not look back, this
is a plea to other drivers to honk the horn and make
their presence behind the truck known. Honking the
horn is not just a form of self-assertion by drivers to
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tell others to clear the road, it is also an action that is
requested of following drivers. This practice is
probably not something that would occur to us based
on what is common sense in Japan.
3. Global competition

Through this market survey we learned that
Hyundai is endeavoring to create a two-pedal market
by itself and that engineers at Magna Powertrain's
R&D center in India work day and night shifts. That
enables Magna to pursue development activities
around the clock in North America, Europe and India.

We were deeply impressed by their energy and
once again realized that we are operating in an
environment of global competition. That awareness
produced a sense of urgency that we too must have
strong determination and broad vision in order to
defeat our competitors. Our competition is not solely
with other rival Japanese manufacturers and other
engineers in Japan, but rather with global engineers,
and so we must set our sights on being No. 1 in the
world.

5. Concluding Remarks

Figure 3 is a photograph of Dhobi Ghat, the well-
known outdoor laundry area in Mumbai. There is an
impressive contrast here between the advance of
mechanization typified by the soaring high-rise
buildings in the background and this laundry area
where people still wash clothes by hand. One distinct
characteristic of India is the coexistence of two
extremely opposite cultures: super luxury cars and
old-style three-wheeled vehicles, high-rise buildings
and slums, and fancy restaurants and roadside banana
stands. Moreover, it is a fascinating society in which
these extremes coexistent without interfering with
each other, owing to certain unwritten rules. Although
the cast system has legally been abolished, it
obviously still remains and may be influencing these
extreme opposites. After returning to Japan we were
discussing our impressions with Indians, who retorted
much to our surprise that discrimination also exists in
Japan such as the abrupt dismissal of temporary
workers. There are many small cars on the road in
India, and there has also been a shift to small cars in
Japan and other developed countries recently. It is
hard to tell which market is actually anticipating the
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Fig. 3 Dhobi Ghat with high-rise buildings

future. Perhaps, the Indian market is more advanced
in this respect.

India is a mystifying country that imparts an
impression of powerful energy amidst its mixture of
many different religions and languages. This market
survey provided an excellent opportunity to break
down personal preconceptions though the profound
culture shock that we experienced.

There are many aspects in which Indians differ
from Japanese, including vehicle preferences and
driving styles. Yet, this market survey showed that a
love of cars is one point shared in common in both
countries. During our stay in India we visited an
Indian auto show. There was a lot of congestion
around the venue, as large numbers of people
thronged there to see the exhibits. The crowds were
so huge, the organizers wound up shortening the
period of public admission in order to avoid turmoil.
Seeing people taking photos in front of sports cars
and luxury models and hearing Indians talk proudly
about their favorite car made us feel once again that
people in all countries share a passion and affection
for cars. In the sense that cars fascinate people, we
have a common global language with which we can
communicate with customers. In that respect, because
we work in the automotive industry, we feel more
fortunate than people in other industries.

We want to continue to survey global markets in
the future, talking to many different people with the
confidence that we share a common language in cars.
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Summaryd Market studies are conducted globally in
order to consistently provide products that please
customers worldwide.

O This article describes issues that must be addressed
when incorporating the results of global market
studies in the product development process and an
example of an improvement made to acceleration
performance.
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1. Introduction

In order to provide customers with products having
the best quality in the world, we must reflect their
qualitative market requirements into our product
development activities as quantitative targets.

At JATCO, we have already reflected market
requirements into the strength design of our products,
principally for mature vehicle markets. One issue that
we need to address at present is to identify clearly
customer requirements in emerging markets where
demand for two-pedal transmissions is expected to
increase in the near future.

Meanwhile, we are also working to reflect
customers' sensibilities regarding driving
performance into quantitative product development
targets as well.

This article describes an example in which market
requirements were analyzed from human engineering
perspectives, quantified, included in specific product
development targets and then fed back and
incorporated into our products.

*0od
Experiment Department
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Fig. 1 Distribution of acceleration speed in various markets
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2. Global Market Studies

We have been conducting market studies globally
for the purpose of identifying market requirements.
The results have made it clear that there are important
differences between mature and emerging markets,
for example, with respect to customer demands for
acceleration performance (Fig. 1).

The study results have indicated that vehicle
performance must be optimized so as to meet specific
customer demands in each market.

3. ldentifying Market Requirements

3.1. Analysis of customer demands

As a result of the growing awareness of
environmental concerns in recent years, an increasing
number of vehicles are being equipped with CVTs
that provide outstanding fuel economy. Because
CVTs have greater freedom for ratio changes than
stepped ATs, they allow more degrees of freedom for
vehicle performance. This feature of CVTs can be
used to obtain the optimal vehicle performance in
each market. At JATCO, we have been striving to
optimize the aspects of driving performance that
customers find unsatisfactory in real-world driving,
with the aim of achieving high levels of both
driveability and fuel economy.

Figure 2 lists various public road driving situations
in which surveyed customers in a certain market

1361
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HAT

Don't Know

High speed
Medium speed
Low speed
Very low speed

Launch

Problem

expressed dissatisfaction with either AT or CVT
performance. Many customers complained about
acceleration performance in response to accelerator
inputs. More of them complained about acceleration
performance during medium acceleration than during
hard acceleration under a wide open throttle
condition.

Small-displacement vehicles in particular, for
which there are strong demands for good fuel
economy, have a harder time providing satisfactory
driving performance than large-displacement
vehicles. Acceleration performance under driving
conditions such as passing and merging with traffic
tends to be obtained by adopting transmission
specifications that downshift considerably to a gear
ratio capable of delivering the required driving
torque.

On the other hand, one approach for improving fuel
economy is to advance the upshift timing so as to
keep the engine speed at a low level.

Compared with stepped ATs, CVTs can change the
gear ratio quickly, continuously and in large
increments. On the negative side, an upshift to a
smaller gear ratio is accompanied by a sharper decline
in driving torque than in the case of stepped ATSs,
which propel the vehicle at a fixed gear ratio in each
speed range. This decrease in driving torque is

Other, please
specify

Don't know

During
Coasting
During Hard
Braking
During Medium
Braking
During Light
Braking
During Steady
Speed
During Hard
Acceleration

 During Medium
E_ Acceleration

" During Light
Acceleration

Problem

Fig. 2 Customer complaints about AT / CVT performance
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presumably associated with customer complaints
about insufficient acceleration.

Figure 3 shows examples of the operation of the
accelerator pedal in three classes of vehicles when
traveling with the flow of traffic in real-world
driving. The results indicate that the accelerator pedal
is depressed to a greater extent in small- and medium-
displacement vehicles than in large-displacement
vehicles. This means that the driver's intention to
accelerate continues for a longer duration in the
former vehicles.

30s 30s
25
Sustained Sustained Sustained
acceleration acceleration accdlaratis
. Low time Low Low
time time
(o] Accelerator operation WOoT o] Accelerator operation woT ] Accelerator operation wot

Fig. 3 Acceleration time
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These data make it possible to estimate the length
of time drivers want a feeling of acceleration to
continue in relation to the vehicle specifications and
each speed level and accelerator pedal position.

Based on this analysis of how vehicles are driven in
the real world, we optimized the feeling of sustained
acceleration in CVT-equipped vehicles in the medium
acceleration range, which was a source of
dissatisfaction for many of the surveyed customers.

3.2. Parameters constituting a feeling of acceleration
When drivers depress the accelerator pedal, they
expect to feel a certain pattern of stimulation as a result.
It is assumed that this expectation comes from their
previous driving experience and the power
performance they imagine from the vehicle
specifications. The stimulation actually received
during real-world driving is transmitted to the brain
by means of the human sensory organs. The feeling of
acceleration is evaluated on the basis of the extent to
which the expectation is fulfilled.
Stimulation received during acceleration:
e Auditory: change in sound with rising engine speed
e Motion (semicircular canals) & visual: rate of
acceleration
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During acceleration [accelerator On)
@ Engine speed: Increasing

= Auditory: Sound pressure and frequency increasing
@ Vehicle acceleration: Increasing

=Semicircular canals: Inertia moves the head backward
® External scenery: Passes by faster

=Visual: View becomes narrower

Because of the human capability to perceive
change, memories of changes in stimulation detected
by the sensory organs during vehicle acceleration
form the expectation of acceleration.

The human memory works to retain the patterns of
combined stimulation as short-term memory.
Assuming that a feeling of acceleration corresponds
to this pattern, it is posited that a driver recognizes a
state of acceleration while driving, if the sensory
organs perceive this pattern of combined stimulation
experienced in the past.”

Differences from the usual patterns
feel strange.

During deceleration [accelerator Off or braking]
@ Engine speed: Decreasing

=Auditory: Sound pressure and frequency decreasing
@ Vehicle acceleration: Decreasing

=Semicircular canals: Inertia moves the head forward
® External scenery: Passes by more slowly

=Visual: View becomes wider

Pattern constituting a feeling of
acceleration

Pattern constituting a feeling of
deceleration

Fig. 4 Stimulation patterns during driving
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Fig. 5 Movement of the head during acceleration

In an actual acceleration situation, a driver
depresses the accelerator pedal, causing the engine
speed to rise and the rate of vehicle acceleration
increases. Under a condition of rapid acceleration, the
driver's head leaves the head restraint and inertia
moves the head backward again. This rise in engine
speed, rate of acceleration and inertia form the
stimulation pattern that the driver perceives during
vehicle acceleration.

Additionally, when the head is moved backward by
inertia, the driver visualizes a virtual horizon in an
effort to keep the head upright and maintain the basic
upright posture of the human body.® This visual
compensation is proved by the fact that a person
cannot stand on one leg for a long period of time with
both eyes closed.

After a CVT has completed a downshift, it switches
to the upshift phase. If there is little stimulation
during acceleration at that time, it gives the driver a
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[Confirmation method using headphones]
(1) Engine sound with uniform sound pressure
rises slowly together with the engine speed.
(2) Engine speed (frequency) rises slowly and
engine sound has uniform sound pressure.
Panelist responds upon perceiving a feeling of acceleration.

Q. Does it feel like you are accelerating?

Sound : i : ;
v 2 [
level ; ; ; ;

increasing |

(2) Frequency Yes
increasing

0% 20% 40% 60% 80% 100%
Fig. 7 Panelist evaluation of sound
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strange feeling because the perceived conditions are
contrary to the expectation of acceleration (Fig.4).

Specific examples of such perceptions are:

(1) The engine speed does not rise.

(2) The head moves forward even though the

vehicle is accelerating.

The cause of the first perception is that the change
in engine speed is smaller than the driver's differential
threshold, excluding the movement of the tachometer
needle. It is inferred from the movement of the
driver's head during an upshift, which is shown in
Fig. 5, that the second perception is related to the fact
that the decrease in longitudinal acceleration
influences the compensation for the body's upright
posture.

3.3. Identification of control items and setting of
target values

Based on the study results presented in the
preceding section, the rate of change in engine speed
and deviation in the rate of acceleration were set as
the control items. These items were taken as the x-
axis and y-axis of the evaluation index (Fig. 6).

The duration for sustaining a feeling of acceleration
was defined on the basis of real-world driving data
and drivers' perception retention time.

The perception of a rise in engine speed involves
increases in sound pressure and frequency. In order to
set a target value, it was necessary to determine which
increase gives an impression of acceleration. An
evaluation was conducted in which different sounds
alone were presented to 30 panelists.”

The results showed that the change in frequency
was the dominant factor (Fig. 7). Therefore, an
investigation was made of the differential threshold
for the rate of change in frequency. The target value
for shifting speed was then set above the discernable
rate of change in frequency.

With regard to the rate of acceleration, it was
assumed that visual feedback related to the driver's
posture is dominant because of the small gain in the
rate of acceleration itself. Based on the results of the
panelist evaluation, a dead zone was identified in
which a change in the rate of acceleration could not
be discerned on basis of visual feedback. The target
value was then set above that dead zone.” The
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transmission control program was tuned so as not to
fall below that value.

The target for a feeling of sustained acceleration
was defined on the basis of the foregoing
investigations and confirmation results (Fig. 8).

4. Vehicle Application and Effects

A panelist evaluation was conducted using a test
vehicle that satisfied the set target values. The results
indicated that a feeling of sustained acceleration was
obtained almost as intended (Fig. 9).

Since the evaluation results verified the suitability
of the target values, we have started to apply them to
transmissions used on production vehicles. The
resultant acceleration performance has been highly
praised by customers.

A simulation program has also been created for use
in determining transmission specifications that satisfy
the target values, in order to shorten development
lead times (Fig. 10).

Q. Which feeling of acceleration lasts longer ?

Can't

judge
Original / 6%
12%

-------- LU

n=17

Fig. 9 Confirmation of improvement

5. Conclusions

(1) The results of global market studies have revealed
differences in customer demands between mature
and emerging markets, indicating the necessity of
optimizing vehicle performance to meet the
respective demands.

(2) Human engineering perspectives were also
included in an analysis of market demands in
order to set target values for a feeling of sustained
acceleration.
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(3) The target values for a feeling of sustained
acceleration were applied to transmissions used
on production vehicles, and the resultant
acceleration performance has been evaluated
highly by customers.

(4) In order to shorten development lead times, a
simulation program has been created for
determining transmission specifications that meet
the target values.
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1. Introduction

What follows is an unscientific, unresearched,
personal opinion based summary of JATCO Ltd. and
JATCO USA from the perspective of an American
employee. In no way should these opinions be taken
for more than what they are intended, an American
employees impressions of working for a foreign based
and yet global transmission manufacturing company.

JATCO LTD as it is known today came into
existence in 1970 as a joint venture between Nissan,
Ford and Mazda.

JATCO is headquartered in Japan. JATCO
engineered transmissions in Japan, with Japanese
staff for manufacture and assembly in Japan, with
Japanese labor. JATCO supplied these transmissions
to customers who were primarily Japanese.

This scenario served JATCO and parent company
Nissan successfully for many years. JATCO was
global only in the sense that the vehicles equipped
with their transmission where sold all over the world.

JATCO provided sales, engineering, and quality
support to our customers for transmissions integrated
into customer vehicles even when the vehicles were
manufactured or sold outside Japan.

JATCO provided this support with Japanese
managers, Japanese engineers and Japanese
technicians using short term business trips and/or
longer term temporary assignments (dispatchee). This
strategy provided very good support for our customers
and allowed JATCO to collect necessary technical and
commercial data from around the world.
Unfortunately this strategy also exaggerated the cost
of collecting this information, displaced many
Japanese nationals from their homes and families and
restricted JATCO's global understanding of non-
Japanese customers' culture and engineering practices.

*JATCO USA, INC.
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In order to become cost competitive and truly,
global JATCO needed to establish a permanent
presence in many locations around the world.
JATCO needed to establish sales, engineering and
quality support capabilities around the world that
provided the functional capabilities of the Japanese
staff but utilized local staff rather than dispatchees.

This article will detail an American's impression of
the Globalization of JATCO with a view to improving
or at least better understanding the relationships of all
global partners.

The global partners include JATCO Headquarters,
JATCO affiliates and JATCO's many customers.

2. Globalization begins: JATCO USA Inc is born

In 1998 JATCO USA was created to satisfy the
need for a permanent Sales, Engineering and Quality
presence in the United States. Initial staffing of
JATCO USA (JUS) was both Japanese (business trip
and dispatchee) and local staff. The inclusion of
permanent local staff began the true globalization of
JATCO.

Now Japanese business practices would be exposed
to American business practices on a daily basis.
Japanese engineering culture would be balanced
against US engineering culture.

JUS had established itself as a significant resource
for JHQ achieving all of the objectives set during
JUS creation. JUS has supported JATCO's North
American market customers with quality
investigation, sales and marketing and data
acquisition. JUS sales landed one of the largest unit
sales contracts to a non-Japanese customer when we
were awarded the JFO11E business at Chrysler. This
program alone was responsible for dramatically
advancing the globalization of JATCO.

JUS activities currently involve total support for
new vehicle applications, continued support for
existing production programs and engineering support
for new unit development.

JATCO achieves these functions as a global
extension of JATCO's policies and directives. JUS is
not a clone of JHQ activities it is a homologation of
JATCO's policies and standards combined with local
human resource talent and experience.
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3. Challenges of Globalization: #1 Language

Language is something we all take for granted.

We learn our national language at such an early age
that it often appears to be effortless. We communicate
with friends, relatives, colleagues with absolutely no
difficulty. We are exposed to numerous forms of
information and entertainment through radio, tv,
and print and take all of these for granted, until we
are exposed to a language completely new to us.

Suddenly even simple conversations become
difficult, "where is the bathroom?" can be the most
important piece of information you are interested in
when a second language is added to the challenge.

As JATCO expanded operations to locations
where Japanese was not the dominant language
communications became a major challenge. JATCO
was now faced with interactions with customers, and
colleagues who did not speak the traditional language
of JATCO. JATCO customers now came from all
areas of the world, US, England, Germany, France,
Mexico, China, Korea. The list continues to grow.
The ease with which communications happened was
now problematic. How can a company find qualified
engineers, marketing, quality, and finance people who
could interact with their counterparts around the
world? It is hard enough to find qualified people
much less qualified people who are multi lingual.

The solution, or best attempt at a solution, is to find
a language that everyone can share, a second
language that allows everyone to have at least one
common communication option with everyone else.
For JATCO that second language is English.
Fortunately for those of us who have English as our
native language this means we do not have to learn a
2nd language. Unfortunately for those who have
native languages other than English, the burden of
global communications falls on them. They must
achieve a proficiency in their 2nd language that they
probably never considered while they were learning
it. They must achieve a technical language capability
well beyond the normal level of "I'd like fries with
that", that is taught in school. The burden of
achieving a technical level of English as a second
language should not be taken lightly by those of us
whose primary language is English. We must
not take for granted that everything we say is
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comprehended just because it makes sense to us.

We must take care to avoid colloquial and slang
terms that are almost meaningless to many English
speaking people and are certain to be misunderstood
or ignored by non-English speaking people.

Speed Kills! is a statement often associated with
cars and motorcycles, but it also applies to
communications.

Native English speaking people are often unaware
of how fast we talk. We take for granted that the
words we use are heard correctly, and understood.
We do not consider the "translation" process that
must take place for people who have English as a
second language. Words and phrases in English must
be understood, translated to native language then
rearranged to the native sentence structure; all of this
must happen while still more information continues to
come in. It can be overwhelming and often frustrating
for people trying to keep up with a conversation.
When incoming information exceeds the
processing capability some information is going to
be lost. Global communications in English are a
bonus for English speaking people, we must
recognize this advantage and be willing to adjust for
our non-English speaking colleagues.

4. Challenges of Globalization: #2 Time Zone

Most individuals slip into a routine which guides
their daily lives.

Some variations exist but fundamentally we all
have jobs that require a certain portion of our time.
We usually require commuting time to get us from
our homes to work and back to our homes again. We
have personal time, for family, friends, hobbies, or
nothing at all, relaxing. We have time to sleep,
usually but not always at night. A routine is by
definition, predictable.

Now we have international business associations,
affiliates as well as customers. Someone working in
Japan is coming to work when someone in US is
going to bed. Japan is going to bed when someone in
US is getting ready for work. Globalization often
requires communications and information sharing
between very distant business partners. Between
Japan and US there are no overlapping normal work
hours. Communications between remote sites will
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ultimately result in a disruption of someone's or
everyone's daily routine. The efficiency of the
communications must be weighed against the
disruption of our normal work routines. When
disruption of the routine becomes the norm, there is
no routine.

Communications and information sharing between
remote sites can be done in several ways, email,
conference call (voice or video), and face to face.
Email and electronic communication is a way of life
now. Email is probably the easiest and least
disruptive to our normal routines. It does not require
immediate action by the receiving person so they can
coordinate the response into their normal daily
routine. However; email can also bring great risks if
used improperly.

"I sent an email” is not sufficient evidence that |
have done everything | should to resolve an issue.
Sending an email is often used as a scapegoat to justify
lack of action or involvement. Sending an email to 20
recipients without specifying who is responsible for
the answer is basically the same as not sending the
email at all. No individual is requested to respond;
therefore no response must be an acceptable outcome.

Emails written in English are also a possible
communications challenge for people who have
English as a second language. Long emails written in
English can present a huge daily challenge to a non-
English speaking person. Often the document must
be translated, understood, and replied to in a language
which is not normal for the receiver.

English speaking people must take this into
consideration when composing their emails, again
they must not use words and phrases that are unusual
and will force the receiver to repeatedly reference the
dictionary or worse, ignore the message all together.

Audio and Video conference calls have become a
common practice in today's global work environment.

However a conference call between USA and Japan
is by nature disruptive to everyone's routine. Early
morning in USA requires Japan to stay late into the
evening. Early morning in Japan requires USA to stay
late into the evening. If these meetings were normal
the routines of the participants could be adjusted to
accommodate the meetings, unfortunately the
participants must also support more normal work
activities as well as these occasional meetings.
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Let's have a meeting is no problem when everyone
is in the same country or region. Let's have a meeting
becomes more problematic when multiple countries
are involved. Minimizing the disruption to individual
life routines should be considered when requesting a
meeting. When meetings are requested and the
disruption to everyone's daily routine is accepted, the
meeting should be well documented in advance to
make the most efficient use of the available time.

Face to Face can be the most productive of all
communications methods. Seeing associates face to
face, understanding their work environment and being
directly exposed to the culture of distant customers and
colleagues results in an understanding and cooperation
that can not be achieved via phone, email, and video
conference. Issues that could possibly take several
days or weeks of badminton emails can often be
resolved in hours if the appropriate people are meeting
in real time, and willing and able to take quick action.

Unfortunately travel is also the most disruptive of
all communications methods. At least one of the
meeting parties must travel away from their home
base. Removing them from their comfort zone and
exposing them to the disruptive affects of travel, time
zones, hotels, language, food, basically everything.

As with other information sharing methods, face to
face meetings must be utilized with care. They offer
the possibility of great benefits, but carry the burden
of maximum cost and disruption to the normal work
routine.

5. Challenges of Globalization: #3 Engineering and
Development practices

If communication is the number one challenge for
globalization, engineering and development practices
has to be number two.

JATCO globalization implies that we will be
supplying transmissions to many companies outside
our normal cadre of customers. JATCO's economic
growth potential is dramatically improved as we
extend our customer base to include a greater number
of vehicle manufacturers. Unfortunately each vehicle
manufacturer has their own engineering and
development standards and JATCO must be willing to
adapt our traditional methods to satisfy these new
customer standards.
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This is often difficult to reconcile as JATCO's
traditional methods have proven very successful from
a design and manufacturing perspective. From
JATCO's point of view the most cost efficient means
of adapting our transmissions to customer vehicles is
to ask them to accept what we have already designed.
Change is to be resisted as much as possible as a
means of reducing development costs and risks.
There is fundamentally nothing wrong with this logic.
However; as much as we would like our customers to
accept our standards and development methods, they
desire to avoid deviations from their own. Our new
customers have developed their own engineering and
development standards, often, over a considerable
amount of time; hopefully these standards have
provided success for them. Many of these customers
are relatively new to the concept of buying
transmissions from outside sources or sources outside
their normal cadre of suppliers.

The key missing element in this supplier customer
relationship is trust. JATCO has established trust
between us and our core group of customers. This
trust allows some synergy between our engineering
and development standards and our customers. They
trust that we know what we are doing, and that we
will deliver quality engineering and support because
they have a history with us. Our new customers have
no history (or very short history) with us. They do
not trust that we will deliver on our promises and
therefore they must that our performance measures up
to their expectations by applying the only
measurement standard they have, their own.

JATCO has been reasonably successful at
achieving new programs with customers outside of
our core group. But new programs alone cannot create
the trust level needed to be truly global. JATCO must
strive to achieve multiple successful programs with
new customers, to prove that we are good long term
partners and not just niche market solution suppliers.
JATCO must be willing to accept new customers as
true long term partners and be willing to work with
them on the high volume high profit programs as well
as the low volume low profit programs. If JATCO
wants to achieve true global status we must be willing
to engineer solutions for our new customers with the
enthusiasm we apply to solutions for our core
customers.
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6. Conclusion

As was stated at the beginning of this document,
this is an analysis of JATCO's globalization based on
the writer's personal observations and opinions.

It should be accepted as such.

Globalization of any company presents several
challenges which must be met with a strong and open
mind.

Successful Global companies do not have the DNA
of only one culture; they have the merged DNA of
many cultures. Take the best from each and create a
newer stronger whole from the many pieces. JATCO
is progressing on this challenging path with good
success, but we should keep reminding ourselves that
we are not at the end of the path (maybe the middle).
JATCO has room for improvement.

I look forward to being part of JATCO's future and
sharing in the challenges of globalization.

m (] AuthorO m

Jim FRIEDLINE
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Summaryd This article describes the recent
environment surrounding automobiles and the
position of automatic transmissions in the European
market, focusing especially on France.
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1. Background of JATCO France

The history of JATCO's operations in Europe
began with the establishment of JATCO Europe
GmbH (JEG) in Munich, Germany in 1991. JEG
supplied ATs for front-drive and rear-drive cars to
various European automakers, including Volkswagen,
BMW and others. As a result of subsequent changes
in circumstances, JATCO France SAS (JF) was
established in 2003. The center of JATCO's activities
in Europe was then transferred from Germany to
France in 2004, and JF was relaunched in a new form
in which it absorbed JEG. Currently, JF's principal
activities are to support JATCO's European customers
in their development of vehicles fitted with JATCO
transmissions and to coordinate production and
handle field quality matters. JF also undertakes
surveys of new technologies and products presented
at major auto shows and technical conferences in
order to scout out the latest trends among European
companies in the automotive industry.

2. European Vehicle Market

The number of new passenger vehicles registered
throughout Europe (27 EU nations + 4 EFTA nations)
in 2009 totaled 14,481,545 units, according to the
European Automobile Manufacturers' Association
(ACEA). The European vehicle market ranks on a par
with the North American market in terms of size. A
breakdown of the volume by country shows that
Germany (approx. 3.81 million units), France (approx.

*JATCO France SAS

1511



Automobiles in French Society

3. 72 AN

ggoboobzooo0lbggoooooboooon
02,268,6710 *10 000000 DO0ODLOOCOO
ooboooooboobbOoOme,e40,3120 *2
oobbopoobobobobboobboboboooo
goesoob bbb boDbibs3oo0n OO
ggooooooooooobboobbobnoon
goobboooboboboobogobboooon
gbooooo
*2O0OOOOoooooooooooOoooo

4. )R ICIKET HHS

ggoboooboboobobooooom oo
gbogobobbmobobmoboboooo o
goobooooboooooooooooaoo
gbooobooooobbbboboobobbon
goooboooooobobobboboobbob o
gboobbooooooobooonoooobon
gobogoboboobbobooooboobon
gbobooboobooogooogogd

goobobooooooooooooooooon
gooobooboobobobboooobbboooo
gbooobbooooonoooooobobooo
goooobooboboooboooogooobobood
goobooopobobbbobooooboo b o
gbooooboooboogooooooooboo
goooobooboisooooooobooooooo
gbooboobboooboobbbooooboob oo
gboooobooooooobobooobooooo
gboooooooooobobbbooobob oo
gbhbobooooobooooobbbboooo
goooooobgooboooooooi1goobooon
gboooboooon

goooooooboboooobooooooo
gobogoboboooooooboooooboo
gboooooooboooobboboboooooo
gooooobboboooooboobooooon
gboboooboobobboboooboooog
gobooooobobooooboobooboo
goooobobbbooboooopboboon

1521

2.27 million units), Italy (approx. 2.16 million units)
and the U.K. (approx. 1.99 million units) are the top
vehicle producers. These four countries, in which the
major automakers are located, account for
approximately 70% of the total vehicle volume.

3. Situation in France

New passenger vehicle registrations in France in
2009 totaled 2,268,671 units, according to the ACEA.
That figure was somewhat lower than the 2,640,312
new passenger vehicles (excluding minivehicles)
registered in Japan that year, according to the Japan
Automobile Dealers Association. On the other hand,
France's population of some 65 million people is only
about half Japan's population of approximately 130
million people. Taking the population difference into
account, France is apparently a country with a greater
abundance of vehicles than Japan.

4. Vehicle-dependent Society

France's capital city Paris is crisscrossed with
subway (Metro), bus and tram networks. The number
of public transportation lines and their degree of
complexity resemble a map of the train lines in the
central part of Tokyo. Rental bicycles have also been
provided lately as a means of short-distance mobility.
In everyday life just within the city of Paris, people
without a personal vehicle are hardly inconvenienced
at all. Nonetheless, there is a reason why the streets of
Paris are always filled with parked vehicles.

Paris is well-known worldwide for having a large
nighttime population of people who actually reside in
the city. While it need not be mentioned here that
Paris is a global tourist destination, there are plenty of
residential apartment buildings that seem to fill in the
spaces between tourist spots. Apartment buildings
that have been built relatively recently usually have
an underground car park. On the other hand, there are
many old apartment buildings retaining the look of
around the 18th century that do not have any
underground parking facility. Consequently, vehicle
owners have no choice but to park on nearby streets.
The labyrinth of narrow streets is one facet of the city
that has remained since medieval times. The added
provision of on-street parking spaces has resulted in a
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situation where many streets throughout Paris have
just a single lane of one-way traffic.

Paris takes in hordes of people in the morning and
disgorges them in the evening as if the city were
inhaling and exhaling. The city is one of Europe's
leading office locations, where swarms of people
come to work every day from the suburbs. While the
center of Paris is well provided with public
transportation networks, the number of train lines
connecting the city with the surrounding suburbs is
limited. Even including regular medium- and long-
distance bus routes, the absolute transport capacity is
insufficient. A rough analogy would be Tokyo
without any private train lines at all. The large
number of private passenger vehicles is what
compensates for that lack.

This situation where vehicles are the principal
mode of transportation instead of trains is also true
for life in the suburbs. If you go to the suburbs 30 km
from Paris, you are in the countryside. France is an
agricultural country with a self-sufficiency rate for
cereals that greatly exceeds 100%. The scenery in the
suburbs could easily be mistaken for that of Furano or
Biei in Hokkaido. Many of the villages scattered
throughout the vast farm land still retain their
structure as settlements from the Middle Ages. In the
center of the village is a square with a church and
encircling the village is a narrow one-lane road.
Towns that grew significantly sometimes developed a
business district, but small villages may have only a
single general store. Some settlements grew as
residential areas by adding new streets on the outside
of the old town center. However, business districts
tended to evolve in different directions on the outside
of the settlement.

Since the 1970s, shopping malls have been built
along the main arterial roads in the suburbs. Malls
generally have a collection of specialty stores and
restaurants centered around a mammoth supermarket
with a huge parking lot, premised on the assumption
of access by private vehicles. Families loading a
week's supply of groceries from a shopping cart into
the open rear hatch of their vehicle is an everyday
scene in the parking lot. This description may sound
like a shopping mall in the U.S., but there is one
definite difference. The size of a parking space for
one vehicle in the parking lot is virtually the same as
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in Japan. When parking, it is safer to fold in the
outside mirrors, otherwise it may be necessary to
support them later with masking tape like the ones on
nearby vehicles.

5. Best-selling Vehicles in France in 2009

What kinds of vehicles sell well in France? Every
year a French company called Argus*3 publishes the
typical specifications of vehicles that sold well during
the year. The data below are the average
specifications of 130 vehicles that were the top-sellers
in France.

Price: 19,153 euros

Overall length: 4.10 m

Overall width: 1.74 m

Horsepower: 96 hp

CO; emissions: 131 g/km

These specifications correspond to those of a small
hatchback or family sedan. In the actual ranking of
vehicle models, the Peugoet 207 (1st), Renault Clio
(3rd) and Citroen C3 (5th) were among the top best-
selling cars. These models clearly reflect the
preferences of French customers.

Incidentally, subdued colors like white, black,
silver and deep blue are the mainstream vehicle body
colors. One almost never sees vehicles with pastel
body colors or vivid primary colors.
*3www.agrusauto.com

6. Bonus/Penalty System for CO, Emissions

There is a system of bonuses/penalties for CO;
emissions that is applied to new vehicle purchases in
France. A buyer is paid a bonus (subsidy) if a
vehicle's CO, emissions are below a certain level and
pays a penalty (surcharge) if the emissions are above
it. The CO. emission standards and corresponding
bonus/penalty monetary amounts are reviewed
periodically so as to encourage automakers to reduce
the CO, emissions of the new cars they put on the
market every year. The bonus and penalty standards
for 2010 and 2011 are shown in Table 1.

Let us look at how the changes in Table 1 affect
vehicles equipped with a JATCO transmission. The
Renault Megane fitted with the JFO11E and a 2.0L
inline 4-cylinder gasoline engine (CO, emission level:
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Table 1 CO: Bonus/Penalty System

2010

2011

~60g/km 5000€ ~60g/km
GPL, GNV, HEV HEV
~135g/km ZOLS ~110g/km
BONUS 61~95g/km 1000€ 61~90g/km
116~125g/km 100€ 111~120g/km 0€
126~155g/km 0€ 121~150g/km 0€
156~160g/km 200€ 151~155g/km 200€
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175 g/km) is assessed the same penalty of 750 euros
in both 2010 and 2011. Meanwhile, the penalty on the
Renault Laguna equipped with the JF613E and a 3.0L
V6 diesel engine (CO, emission level: 192 g/km) goes
up from 750 euros in 2010 to 1,600 euros in 2011. In
2010, Renault rolled out a Megane model fitted with
its EDC 6-speed double clutch transmission (DCT)
and a 1.5L diesel engine (CO. emission level: 114
g/km) that earned a 500 euro bonus that year, but the
bonus disappeared in 2011. As indicated here, the
standards are revised every year such that the bonuses
paid for vehicles emitting the same CO, levels
decrease and the penalties increase. This can give rise
to last-minute vehicle demand just before the
standards change. At the same time, there are rising
expectations that CO, emissions will be reduced in
real-world driving as a result of these revisions. In
order to respond to such expectations, continuous
efforts to reduce CO, emissions by improving vehicle
fuel economy represent a crucial issue for every
automakers.

7. Difficulty in Popularizing AT-equipped Vehicles

It is reported that AT-equipped vehicles account for
only about 20% of all passenger vehicles sold in
Europe. This figure of 20% is not uniform across all
model lines. The percentage tends to be lower for
small cars and low-priced vehicles and higher for
large luxury models. Because | wanted to know the
reasons why AT-equipped vehicles have not diffused
in Europe like they have in Japan and the U.S., |
discussed a hypothetical model for popularizing AT-
equipped vehicles with a French employee at JF.

The following model that | explained was based on
recent conditions in Japan.

(1) More women have been entering the workforce in
recent years.

(2) Women need to drive in everyday life.

(3) Driving operations can be difficult for women
drivers.

(4) A type of driver's license limited to AT-equipped
vehicles has become popular in recent years.

(5) The number of AT-equipped vehicles has been
increasing.

In response to my explanation, the French
employee proposed the following model.
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(1) The roles of men and women in society are not
inherently different.

(2) Women have also been driving on a regular basis
for many years.

(3) There are no gender differences with regard to
driving techniques. Women city bus drivers are
not exceptional.

(4) Shifting a MT is included in driving techniques.

(5) Just because of their gender, women customers
will not choose AT-equipped vehicles.

The JF employee | was talking with was a woman.
During our conversation, | could tell that she was
becoming annoyed. To her, the model | presented was
nothing more than a biased view based on a one-sided
preconception.

8. Positioning of AT-equipped Vehicles

In Europe, the general perceptions of AT-equipped
vehicles, especially ordinary family cars, in
comparison with their MT-equipped counterparts can
be summed up as follows. (1) New car prices are
higher. (2) Fuel economy is worse. (3) Repairs are
more expensive. (4) The resale value as a used car is
lower. Traffic congestion is also common in Europe,
S0 anyone who has driven an AT-equipped vehicle in
a traffic jam knows the convenience of an AT. Yet, to
drivers who take shifting an MT for granted and think
nothing of it, the comfort of an AT apparently does
not appear to be so attractive. Europeans use vehicles
as tools of everyday life, fixing them whenever they
break down and driving them over a period of 10-15
years with an accumulated mileage of 150,000 to
200,000 km. Such usage is not unusual in the
European market. To Europeans, the disadvantages of
AT-equipped vehicles mentioned above stand out
more than convenience. Drivers who prefer the
comfort of a two-pedal vehicle are still in the minority
and remain at around the 20% level at present. To this
20% of the driving population, automakers offer an
AT specification as a high-end option.

On the other hand, a higher percentage of
customers of luxury sedans select an AT. Such
vehicles do not exist merely as a means of
transportation, and it is naturally assumed that they
come with high levels of added value, including
comfort and convenience features.
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9. Approach to Popularizing ATs

Can we expect to see only a gradual increase in
demand for ATs as a high-end option on ordinary
family cars in the coming years as well? Many
automakers in Europe are searching for some way to
develop AT specification vehicles efficiently, quickly
and at low cost as a low-volume variation. In some
cases, automakers procure an AT from a supplier
without developing it themselves and outsource the
application engineering work needed for fitting the
unit to the vehicle. In other words, the assumption of
low production volumes can actually work to create
business opportunities for AT suppliers. For AT
suppliers themselves, the volume delivered to
individual automakers may be small, but the
combined volume supplied to multiple automakers
results in larger production volumes and higher
efficiency.

Will we have to be content with this limited
position for ATs in the European market in the years
ahead?

In this regard, certain changes have begun to
appear in recent years. For example, ATs are coming
to be seen as a means for improving vehicle fuel
economy. Societal preferences for eco-friendly
products have been growing stronger every year and
are driving the introduction of various techniques that
contribute to improving vehicle fuel economy.
Examples include the downsizing of engines and the
use of idling stop systems. France's bonus/penalty
system for CO. emissions is also another positive
force here. At the same time, drivers are also
gradually forming a mindset for accepting things so
long as they improve fuel economy even if they cost
slightly more or if the driving characteristics differ in
certain respects from the feeling of a traditional MT-
equipped vehicle. This trend is nothing less than a
change in value, and it has the potential to radically
alter one of the major specifications of ordinary
family cars.

DCTs are already taking advantage of this trend.
Volkswagen initially introduced its wet-clutch direct
shift gearbox (DSG) as a DCT for use on sporty
vehicles. However, as a result of the moves to add
more speed ranges to ATs and advances in dry-clutch
technology, the DSG is now being adopted on many
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models as an eco-friendly technology.

What about the prospects for CVTs? The Nissan
Qashqgai (Dualis in Japan) fitted with the JFO11E
achieved a CO, emission level superior to that of 6-
speed MT-equipped vehicles under the EU fuel
economy test cycle. However, CVTs are still not
recognized very much in the European market as a
technology for enhancing fuel economy. In order to
heighten their presence in the market, it will be
necessary to make further technical improvements
and to publicize CVTs more in the marketplace.

10. Concluding Remarks

Europe still has many MT-equipped vehicles on the
road and would appear to be a very conservative
market at a glance. The duality debate between the
practicality of traditional MTs versus the comfort of
ATs is still going on today. On the other hand,
Europe is also a market that has given birth to one
cuttingedge powertrain system after another. A
preference for eco-friendliness has been added as a
new value to this traditional dualism to form a third
value, with the result that the values of the entire
market are being substantially shaken. It is my hope
and also that of JF that JATCO will roll out even
more impressive products that exceed the
expectations of customers and thereby be a major
force in advancing this epochal change in the market.

m (] AuthorO m

Kohichi TAKEMOTO
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Capitalization :
Workforce :

4.5 hillion won (approx. 45 million yen)

186 employees (Korea-based personnel

only as of November 2010)

Business activities : Vehicle application engineering for
automotive transmissions and
procurement support

Website : WWW.jatco.co.kr

In the 12 years since the company was established,
JATCO Korea Engineering Corporation (JKE) has
continued to grow and elevate its position as a
principal engineering center in JATCO's global
organization. JKE has been expanding and
strengthening its global division of work activities
with JATCO in the areas of product development and
procurement.

Currently, JKE's organization consists of the
product development department that is engaged in
design and testing work, technical R&D center, data
center, procurement department and administration
department (Photo 1). One area of our activities

*00000oooo0o0oOooooooooo
JATCO Korea Engineering Corp. Experiment Team
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concerns projects for the Korean market that are
mainly overseen by a Deputy Product Chief Engineer
(DPCE) at JKE. Another area involves function-
oriented activities linked to JATCO's corporate
functions and concerned with the Japanese and other
markets. The latter activities are largely related to
structural and functional components, control
systems, simulations and procurement.

Function-oriented activities are carried out within
an integrated organization structured around JATCO's
general managers, but the projects for the Korean
market extend over a global scope of activities that
are not limited to our relationship with JATCO in
Japan. One reason for this is that some of the
customers of these projects have American or
European parent companies. Another reason is that
the projects include efforts to develop supplier
companies in emerging markets apart from Korea.

JKE has been able to expand its business activities
globally in this way mainly by taking advantage of
the distinct features of the company's human
resources and by vigorously promoting personnel
exchanges with JATCO's organization in Japan and
with its other overseas operations.

The following sections describe JKE's activities in
more detail.

2. Human Resources Abounding in a Global Mindset and Skills;
Located in the World's 5th Largest Vehicle-producing Country

JKE is a rare entity in Korea as a foreign-capital
company with a workforce of approximately 200
employees who are engaged in R&D activities. Even
more noteworthy than the company's scale is its
outstanding workforce that is JKE's most valuable
asset.

Korea was among the first countries to recover
from the recent global financial crisis and has rapidly
elevated its presence in the global economy. This
includes expansion of Korea's market share for
leading industrial products such as automobiles and
consumer electronics. Korea is a country where
products must compete from the outset not only in the
domestic market but also on the stage of the global
market, as evinced by the fact that exports account for
approximately 40% of Korea's GDP. For that reason,
there are many workers who have acquired a global
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mindset and skills.

Taking JKE as an example, the official language
within the company is Japanese, and employees are
obligated to take Japanese language classes until they
reach a certain level of proficiency. Many employees
are also fluent in English, as the average TOEIC score
is over 700 points. There are numerous instances
where projects are being carried out in parallel with
American or French companies, in addition to
JATCO in Japan. Our workplaces are abuzz every day
with the three languages of Japanese, English and
Korean. At the monthly meeting of all the employees,
the president speaks to us in either Japanese or
English and the handouts are in English. The number
of employees who have started studying Chinese has
also been increasing recently (Photo 2). Over 60% of
JKE's employees have experience living abroad,
either as students or while working or on assignments
in Japan or other countries. As these examples
illustrate, one of JKE's strengths is that many
employees abound in a global mindset and skills.

Another factor is that Korea is the world's fifth
largest producer of automobiles. Korea's big three
automakers[] Hyundai-Kia, GM Daewoo and Renault
Samsungll] export their products to other markets
worldwide. Their combined production volume,
including offshore production, exceeds five million
vehicles annually. There are also many automotive
parts suppliers located throughout Korea. Still another
JKE strength is that through these automakers and
suppliers we can pick up global trends that cannot be
discerned in Japan alone.

3. Personnel Exchanges with JATCO's Head Office

In order to undertake product development projects
and procurement activities in Korea, JKE first had to
learn the necessary techniques and work procedures
from JATCO in Japan. Initially, we acquired the work
processes through repeated short-term trips to Japan,
but global personnel exchanges with JATCO's Head
Office were initiated in 1999, the year after JKE was
founded, in a move to increase efficiency (Fig. 1).

Personnel exchanges began with one person in 1999,
increased to 18 employees in 2000 and peaked at 73
employees in 2004. Seventeen JKE employees are
working at JATCO in Japan this fiscal year (Photo 3).
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In the longest case, JKE employees have stayed in
Japan for over five years. At present, 27% of our
employees have experience working in Japan. Among
the senior managers such as team leaders and group
leaders, 76% have experience working at JATCO in
Japan. Employees who have worked in Japan now
form the core of our workforce.

The main objective initially was to acquire
technical skills at JATCO, but personnel exchanges
are now carried out in various forms for a variety of
purposes under the JATCO Foreign Services
Assignment (FSA) principles. One form is for helping
with the workload in Japan, another form is for
developing and improving personal technical skills by
undertaking work at JATCO that has not yet been
assigned to JKE, and still another form is for
technology transfer in which techniques are acquired
in areas slated to be transferred to JKE in the future.
A further form involves liaison mainly with
production workplaces in Japan so as to enable us to
independently carry out work in areas already
transferred to JKE. Another form is for broadening
one's management and technical capabilities by
working in an environment that involves gaining
cross-cultural experience, challenging personal
abilities, creating a network of global contacts and
acquiring various other skills. Personnel exchanges
are carried out with facilities not only in Japan but
also in Europe, America and China. This exchange
program is one part of the ongoing efforts to develop
human resources globally.

In order to facilitate smoother collaboration with
JATCO in Japan, we have been building the same
environment as JATCO's during the past three years
in terms of our internal intranet, email system and the
operating environment of various servers. Thanks to
the absence of a time difference between Korea and
Japan and our high levels of proficiency in Japanese,
we have achieved a workplace environment that feels
very much like we are working in Japan.

Backed by our excellent human resources and this
personnel exchange program, we have made steady
progress in establishing an organization for executing
development projects and procurement work in
Korea. In this process, we have been expanding our
vigorous activities in various areas to advance
JATCO's "fine monozukuri and human resources
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development.” This includes undertaking V-3P
(Value Up Innovation of Product, Process and
Program) activities, proving ground driving tests,
development of simulation tools in new technical
fields, presentation of papers at various conferences,
and support for procuring cases/housings, shafts, dies,
molds and other parts, among other activities. In
carrying out our duties, we make the most of our
location advantages of being situated near the Korean
automakers and suppliers and our technical strengths,
including excellent capabilities in advanced
simulation techniques.

The following section describes several examples
of the projects carried out by each JKE team under
the present global division of work activities.

4. Examples of Projects Done by Each Team

4.1. Product Design Team

The Product Design Team is responsible for
managing all QCD activities from the initiation of a
new application development project for a Korean
automaker to the determination and management of
the specifications and the management of the
engineering progress until the mass production
launch. The team manages the progress of an entire
project through close collaboration with the customer,
taking advantage of our favorable location in being
close to the Korean automakers. This involves design
screening, determining the transitions to subsequent
phases and deciding when to ship the product. The
work is carried out under the common development
process of the JATCO Group so as to ensure stable
product development quality.

As mentioned earlier, Korean automakers always
design and engineer their vehicles with focus on
global markets. Accordingly, we must keep the
market requirements of different regions of the world
in mind in the process of engineering our
transmissions. Simultaneously, we must further
enhance the performance of the transmissions we are
developing for application in our domestic market in
order to ensure their competitiveness in Korea, as
Korean customers are characterized by their high
demands regarding driving performance, noise and
vibration.

Given this situation, we have steadily discharged
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our responsibilities under the direction of the DPCE
by standardizing the process for developing
transmissions for application to Korean cars and by
closely managing QCD objectives and the criteria for
monitoring the progress of development work.
Meanwhile, it has become necessary for us to utilize
our personnel and material resources more efficiently
than ever before owing to the increasing number of
vehicle model applications, initiation of large-scale
development projects and the overlapping of
development schedules, among other reasons. In the
future, we want to be able to ensure stable development
work quality by building a knowledge base and
standardizing procedures so as to take advantage of the
experience gained so far in development projects for
the Korean market. We also want to ensure flexible
deployment of personnel and utilization of our testing
facilities so as to contribute to enhancing the
competitiveness of Korean market projects.

4.2. System Performance / Control Performance
0 Development and Testing Teams

The System Performance/Control Performance
Development and Testing Teams work together to
develop control logic and improve control
performance so as to adapt base transmissions to
market characteristics, while also keeping in mind the
legal and regulatory requirements that are becoming
more stringent every year.

The driving environment in Korea is characterized
by frequent congestion, numerous traffic surveillance
cameras for preventing speeding, and the occurrence
of frequent shifting and acceleration/deceleration
owing to the influence of the undulating terrain
(Photo 4). Additionally, there are many underground
car parks, so people often drive in places where the
background noise level is low. For these reasons,
drivers are very conscious of fuel economy as well as
shift shock and noise during low-speed driving. Three
key performance issues in application development
work for the Korean market are fuel economy, vehicle
acceleration performance and quietness.

The main work of the Testing Team is to conduct
driving tests at the Korea Automobile Testing &
Research Institute (KATRI) and bench tests for
promoting V-3P. Driving test activities have now
become global in scope, as tests are also carried out
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locally in Brazil, Mexico, Dubai, China and other
locations worldwide in order to verify conformity
with local market requirements.

4.3. Structural Parts Development Team

The work of the Structural Parts Development
Team began in 2000 with the acquisition of technical
skills related to cases/housings and the gear selection
mechanism.

The CVT belt and pulley assembly and the
functions of four gears] final gear, reduction gear,
idler gear and output gear(] were added in fiscal
2001, and the scope was expanded to include the
differential gear in 2006. Subsequently, as the number
of projects for the Korean market increased, clutches,
system strength and planetary gearset functionality
were added to complement the functional capabilities
that were lacking. At present, JKE is now responsible
for eight functional blocks, and we have put in place
an organization for handling the increasing number of
Korean market projects independently (Fig. 2).

Initially, there were many areas in which we had to
acquire technical skills from JATCO, but we are now
able to complete the development work for some
components by ourselves. This is the result of the
steady expansion of our work activities and the
experience gained from repeatedly undertaking
relatively difficult development projects, including
the development of entirely new components. We
have been working vigorously to expand the scope of
the development work we can complete by ourselves,
from the gear selection mechanism in fiscal 2010 to
other parts, including cases/housings, starting from
fiscal 2011. This effort is referred to as the "single
sign-off activity."” A key factor in overcoming JKE's
distance from the production workplaces is how
quickly and accurately various issues that occur in
production processes can be fed back to our
designers. To accomplish that, JKE engineers
working at JATCO receive timely feedback from the
production workplaces. They assess the details of an
issue and feed the results back to the designers in
Korea in a timely manner so that the information can
be immediately reflected in the design (Fig. 3).

In the future, we intend to form even closer ties
with JATCO in both the product development and
manufacturing areas. We also want to strengthen our
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horizontal collaboration within JKE, including
handling matters related to the transmission layout
and noise/vibration performance, so that we can
maximize the benefits of the global division of work
responsibilities.

4.4. Technical R&D Center (Simulation)

The Technical R&D Center (Simulation) has
implemented an integrated work management system
under the work request management framework (CAE
Teknoss) shared in common with JATCO. This
enables more efficient execution of the CAE activities
of JATCO's Product Engineering and R&D Divisions.
The Center develops the simulation tools and
software that are needed throughout the process from
design to production.

The work of the Technical R&D Center includes
the development of simulation methods for resolving
current issues and the development of new techniques
for addressing future needs. One of the Center's
features is its excellence in creating advanced
simulation methods.

Initially, the Technical R&D Center made effective
use of its outstanding mechanical system analysis
techniques to develop many simulation methods based
on the use of ADAMS. The results were reported in a
presentation entitled "Improvement of selector lever
torque simulation accuracy through the use of
ADAMS analysis software” given at JATCO's
Technical Presentation Forum in 2003. Those methods
have since contributed greatly to the improvement of
our development capabilities for selector lever-related
projects and the promotion of our activities in Korea.

Moreover, the simulation techniques developed by
the Center were actively used to develop the JAPSS*
software for conducting automatic simulations of
ratchet behavior, shift effort, parking pawl catching in
the parking gear and other phenomena. This software
has made it possible to design parking system
mechanisms more efficiently.

*JAPSS stands for JAtco Parking System Simulator. With this
simulation software, even designers with little knowledge of
motion analysis can easily define the parking gear and manual
plate shapes at the initial design stage by using the database of a
new AT. By inputting the various coefficients of performance
characteristics, a designer can confirm the simulation results
directly in the process of executing the study items of a
previously developed design.
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At JKE, we effectively combine separate
simulation methods and the simulation skills of
individual employees to obtain manifold technical
capabilities and concepts in collaborative efforts to
resolve issues that would be difficult to solve with
just one simulation approach alone. This particular
capability is another example of JKE's strong points.

Such efforts facilitate speedy problem-solving and
enable us to increase the number of new techniques
JKE develops every year.

Thanks to Korea's strengths in information
technology (IT), JKE can contribute substantially to
improving the JATCO Group's simulation
capabilities. For example, JKE quickly obtains new
technical information through collaborative work
with Korean software engineering companies,
improves fundamental technical skills through
industry-academia collaboration with Korean
universities and research institutes, and employs
people who have outstanding IT abilities (Fig. 4).

4.5. Procurement Support Team

Korean-made components have a good reputation for
being very well-engineered and high in quality, yet
reasonably priced. JKE is engaged in a wide range of
procurement support activities, working closely with
JATCO's global operations and taking advantage of our
close proximity to Korean suppliers.

JKE's Design and Procurement Teams contribute to
the attainment of QCD targets from the time the
specifications are decided by undertaking the creation
of drawings, coordinating schedules, conducting
process reviews and audits, performing specification
checks and carrying out pre-mass production
verification and follow-up until the mass production
launch. JKE serves to eliminate misunderstandings and
confusion about items requested by JATCO that arise
due to cultural differences and language barriers
between JATCO and Korean suppliers.

JKE also surveys Korean suppliers operating in
India, China and other markets in addition to the
Korean domestic market and makes proposals about
adopting their products, which can lead to their use by
JATCO. We are also involved in researching and
discovering new local suppliers. In these and other
ways, we are expanding the scope of our procurement
support activities (Fig. 5).
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In the future, we want to increase our contribution
to the expansion of JATCO's global procurement by
working closely with Korean suppliers in conducting
quality improvement activities.

5. Evaluation by Others

As described above, JKE has contributed to
JATCO's monozukuri operations by expanding its
global division of responsibilities. JKE's activities
have also been highly praised by the Korean
government. In fiscal 2006, JKE was recognized by
the Korea Trade Investment Promotion Agency
(KOTRA), under the Ministry of Commerce, Industry
and Energy, as a foreign company that fosters the
development of human resources. JKE also received
an award from the Korean Prime Minister two years
in a row in fiscal 2007 and 2008 for the company's
meritorious achievement in attracting foreign capital
investment (Photo 5). These and other awards testify
to the steady elevation of JKE's standing in Korea.

6. Concluding Remarks

Over the years, JKE has grown substantially into a
key overseas engineering center that supports
JATCO's monozukuri operations. This has been
accomplished through the establishment of a global
division of labor by making the most of JKE's
strengths in human resources, active personnel
exchanges and location advantages.

In today's rapidly growing Asian market, speed is
increasingly required in addition to high quality and
low cost. In the future, we want to capitalize on the
speed that characterizes the Korean culture and further
increase our contribution to the expansion of the Asian
market. Through close collaboration with the Korean
automakers and suppliers, we will strive to reduce CO:
emissions and improve performance attributes related
to driving pleasure, comfort and convenience.
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Summary This article summarizes the current
situation of China's booming automobile market, now
the world's largest, and the changes taking place, as
well as the recent activities of the Shanghai Office.

1.13C®IC

gbooogoobooebPOOODOO9.8%
019790020080 (I OODOOFig. 1000000
gloogsgooooboboobboooonb?2o1o
goboooooboobo20bb00gzos3odn
gobooobooboooboobooobobbobo
gooooooobooboboboobbOoprPPO
goooggzoiz0bpooooobbooobboo
o 20100 1110000 b0 ooboboboog
bbb ooobobooooboooobbo
Oooobobobzo08U 1000000 O000O0OOD
oo ooooooobbboon
gooboooooogoobobopoooobbobbooon
gog

O000000000GDbPODO3,735US$] 2009
gmogoobooobbobbobbobobbooon
oogooe,oooussCOgpooOOOoOoDOOO
O0000o00s000uss0COO0OCOODBOODO

Source: IHS, Asian Automotive Industry
Forecast Report, Sept. 2010
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Fig. 1 Predicted growth rates of China's GDP, nominal GDP,
population, and vehicle demand
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1. Introduction

From the beginning of economic reforms and
opening-up in 1979 to 2008, China's GDP grew at an
annual average rate of 9.8%. As shown in Fig. 1, the
economy is projected to continue growing at a high
rate of around 8% annually during the next ten years.
In 2010, China surpassed Japan in GDP to become the
world's second largest economic power and is said to
be on track to eclipse the U.S. in 2030, thus becoming
the world's biggest economy. In terms of purchasing
power parity (PPP), an index of actual purchasing
power, The Conference Board, a business research
association located in the U.S., predicted in a report
dated November 10, 2010 that China may have a
larger GDP than the U.S. as early as 2012. China's
impact on the global economy continues to increase
unabated. Since the collapse of Lehman Brothers in
October 2008 in particular, it would be safe to say
that China and other emerging markets have led the
stagnant global economy.

Having said that, China's GDP per capita in 2009
stood at US$3,735, still a long way from the world
average. While the figure exceeds US$6,000 in big
cities and the coastal region, there are many areas
especially in the interior where it falls below
US$3,000. Moreover, there are large disparities in
income between economic sectors, companies, blue
and white collar workers and so on. In trying to
analyze China's automobile market, it is essential to
ascertain the changes taking place in the surrounding
environment.
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2. Changes in the Environment Surrounding China's
Automobile Market

New car sales in China in 2009 reached 13.64
million vehicles, up 46.2% over the year before. That
sales volume made China the world's largest vehicle
market in 2009, surpassing the U.S. figure of 10.42
million vehicles and being approximately three times
larger than Japan's new car sales of 4.6 million units.
China's new car sales showed no sign of slowing
down in 2010, as 14.68 million new vehicles were
sold in the first ten months from January to October,
an increase of 34.8% over the same period of 2009,
according to the statistics announced by the China
Association of Automobile Manufacturers (CAAM).
It is estimated that annual vehicles sales will total 17
million units. As indicated in Fig. 1, the sales volume
in 2020 is projected to reach 28.81 million vehicles.

Here, let us focus on some changes taking place in
the environment surrounding China's automobile
market.

2.1. Surrounding environment influencing car purchases
2.1.1. Urbanization

The percentage of China's urban population in 1949
when the People's Republic was founded was only
10.64%, and even in the first year of the economic
reforms in 1979, it was no more than 18.96%.
However, as Fig. 2 shows, as a result of the rapid
pace of urbanization since 1979, urban dwellers
reached 620 million people in 2009, accounting for
46.9% of the total population.

Population migration to urban areas is expected to
continue in the coming years, with the urban
population reaching 60-65% of the total by 2020,
according to a prediction by the Development
Research Center of the State Council. Since the rate
of vehicle ownership in urban areas vastly exceeds
that in rural areas at present, further urbanization is
expected to expand the strata of potential vehicle
buyers.

However, owing to China's vast land size, there are
large gaps between the coastal and interior regions
and between urban and rural areas. Following the
government's implementation of a strategy to promote
the development of the country's western and interior
regions, all the automakers have begun rapidly to
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strengthen their business activities in the less
developed areas.

2.1.2. Road construction

Incredible as it may seem, China's first expressway,
covering a distance of 18.2 km from Shanghai to
Jiading, did not open to traffic until October 1988.
However, having realized the importance of putting
priority on the construction of infrastructure for
supporting economic development, the Chinese
government began to move quickly. A plan to build a
national trunk highway system was authorized on
December 17, 2004, and the "7918 Network"
initiative was announced, aimed at linking all cities
with a population of over 200,000 during the next 20-
30 years. This road network will consist of 7
highways radiating outward from Beijing, 9
longitudinal highways connecting north and south and
18 latitudinal highways connecting east and west, for
an overall length of 85,000 km that will span the
entire country. The aim is to complete 73,000 km of
the network by the end of 2010, so as to bring China
within the range of the 100,000-km interstate
highway system in the U.S. as early as possible.

For reference, whereas China's total road length,
including expressways, was one million km in 1988,
the figure increased dramatically to 3.86 million km
in 2009, as shown in Fig. 3.

This rapid construction of a national highway
network has helped to facilitate high economic
growth, while having a profound impact on peoples'
lifestyles at the same time.

2.1.3. Number of driver's license holders and vehicle
ownership per 1000 population

The number of driver's license holders in China has
been increasing at an annual pace of 10-20 million
these last several years. As indicated in Fig. 4,
driver's license holders totaled 144 million at the end
of 2009.

A look at vehicle ownership per 1000 population in
Fig. 5, however, reveals that there is an order of
magnitude difference between China and the
developed countries. This suggests there is ample
room for vehicle ownership to increase with the
sustained development of China's economy.
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2.2. Automotive Industry Plan and emergence of domestic
brands

The Chinese government announced the
Automotive Readjustment and Revitalization Plan on
March 20, 2009, under the impact of the collapse of
Lehman Brothers. This three-year plan is aimed at
promoting sustained development of the automotive
industry, expansion of domestic vehicle demand and
the restructuring of the industry. One of the eight
goals called for in the plan is to raise the market share
of domestic auto brands to over 40%.

The policy measures for increasing the market
share of domestic brands includes encouragement of
consolidation by mergers and acquisitions, a policy
preference for small cars with an engine displacement
of less than 1.6 liters, and government subsidies for
R&D expenses. With regard to domestic brands, the
plan calls for ceaseless efforts to improve the areas of
manufacturing, quality, sales and after-sales service,
in addition to enhancing the marketability of their
products through stronger R&D activities. In recent
years, joint venture companies with foreign capital
have adopted strategies in which the Chinese partner
promotes new vehicle brands with the backing of
their overseas partner and enters the market for low-
priced cars. Previously, this market has been virtually
monopolized by the domestic brands. The market
composition of foreign capital companies, domestic
brands and the Chinese partners of foreign capital
companies has started to show signs of becoming all
jumbled up.

As a result of the foregoing developments, the
market share of the domestic brands is projected to
increase as shown in Fig. 6, albeit these data are only
for passenger vehicles.

2.3. Changing share of two-pedal transmission vehicles

The average share of two-pedal transmission
vehicles in China is projected to increase gradually
from 31% in 2009 to 40% around 2015.

However, the comparison of major domestic
automakers and foreign capital manufacturers in Fig.
7 reveals that a large gap still exists between them in
this respect. There are multiple reasons for the low
share of two-pedal transmission vehicles among the
domestic manufacturers. Two factors that can be cited
in this regard are their product strategy centered on
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low-priced vehicles and a lack of their own two-pedal
transmissions or associated technologies.

In order to overcome this situation, one domestic
automaker after another has unveiled a brand strategy
for medium-priced vehicles or higher, which so far
have been the province of foreign capital car makers.
The domestic automakers are moving ahead with
efforts to develop two-pedal transmissions
independently or through joint development projects
for dual clutch transmissions (DCTSs). They have also
announced intentions to buy existing transmission
manufacturers or their technologies or production
lines.

Nonetheless, the domestic automakers will
probably have to continue to rely primarily on
procuring two-pedal transmissions from foreign
capital transmission producers in the foreseeable
future.

2.4. Recall situation and response to market quality issues
in this Internet age

In China, Regulations on Defective Automobile
Product Recalls came into effect on October 1, 2004.
However, neither foreign capital automakers nor
domestic manufacturers, except for vehicle makers
importing and selling CBUS] Completely Built-Up[]
took any active steps to conduct recalls until the
middle of 2006, as shown in Fig. 8. That can be
attributed to cultural unfamiliarity with product
recalls and the lightness of the prescribed fines,
among other factors. After nearly two years of

Source: CMS Worldwide, First Quarter 2010
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Fig. 7 Forecast for 2-pedal transmission-equipped vehicles in China
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operation of the regulations and a public outcry
prompted by a comparison with other countries, the
authorities finally overcame their inertia and moved
to strengthen the recall regulations, including the
adoption of obligatory recalls. There has also been a
change in the public's attitude toward recalls, with the
result that foreign capital automakers in particular
have started to conduct voluntary recalls. This has led
to a sharp increase in the number of recalls since
2007.

Meanwhile, recent recall cases have revealed a
distinct difference from a recall system that relies on
the independent judgment of the automakers. It is
clear that claims made by individuals through the
Internet and a marked increase in group action by adhoc
organizations have been strong forces in moving the
automakers and the authorities to respond.

The warranty period in China is usually for two
years or 60,000 km. As a result of the rapid increase
in vehicle ownership, including used vehicles, there is
a risk of being confronted with unprecedented issues
that have not been present heretofore.

Under these circumstances, the previous idea that
quality levels or service policies different from those
in Japan, the U.S. or Europe can be applied in China
without any problem is no longer viable. A crucial
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Fig. 8 Trend in vehicle recalls in China
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proposition for doing business in China with its broad
diversity is to put in place a system for responding to
customers' demands by speedily gathering field
quality data, including after-warranty issues, and
using that information to improve product quality and
customer service. This is absolutely necessary, and its
successful implementation will cement customer
loyalty.

3. Activities of the Shanghai Office

JATCO opened the Shanghai Office, its first base
for business operations in China, in August 2004 in
Shanghai, the center of China's economy. Besides
publicizing the JATCO company name widely among
consumers in China, the office is responsible for
gathering field quality data about JATCO automatic
transmissions for use in quality improvements,
building a local service system in China and handling
its daily operation, and overseeing the quality of parts
procured locally, among other activities, which are
carried out in close collaboration with the related
departments at JATCO.

3.1. Gathering of field quality data and quality improvement
activities

Until the establishment of the Shanghai Office in
August 2004, there was virtually no feedback of field
quality information from the Chinese market.
Accordingly, JATCO did not know what was
happening in the field or what action the company
ought to take.

To overcome that situation, the Shanghai Office
has mainly been engaged in the following activities.
(1) Process implementation

Clarifying the process from the occurrence of a
problem to the implementation of a final solution,
including the inputs and outputs of the dealers
and automaker concerned, JATCO's departments
involved and the Shanghai Office and making
clear the related deadlines.

(2) Building a relationship of trust with the
automakers by giving them periodic reports and
regular technical advice.

(3) Acquiring accurate information through task force
activities in the initial sales period after a new car
launch and regular activities by Field
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Engineering Specialists (FES).

(4) Improving the work quality and efficiency of
local employees through planned educational
programs.

Both the quality and quantity of the field quality
data obtained have been improved dramatically by
undertaking the foregoing activities, and the period
from the occurrence of a problem to the
implementation of an effective countermeasure has
been shortened substantially.

3.2. Building an after-sales service system in China

There have often been cases where ATs and CVTs
were mistakenly sent to auto repair shops to be fixed
even though there was nothing actually wrong with
the transmission. Dealers have not been able to judge
the condition of ATs or CVTs accurately, and
mechanics have not always had sufficient skills,
owing in part to the predominance of MT-equipped
vehicles to date.

Accordingly, the Shanghai Office has made the
following efforts to improve customer satisfaction.
(1) Improvement of the abilities of dealers and

automaker personnel to diagnose problems
through the use of trouble-shooting procedures.

(2) Active provision of technical support to
outstanding auto repair shops selected on the
basis of a thoroughgoing investigation of existing
shops in China.

(3) Sharing of information, including design changes,
with automakers and designated auto repair
shops.

As a result of carrying out these activities, cases of
mistaken judgment by dealers and automakers have
visibly decreased, though they still occur.
Additionally, the repair quality of designated auto
repair shops has also been improved to a level that
compares favorably with Japan.

3.3. Efforts to improve the quality of locally procured parts

The number of parts procured locally in China has
increased due to JATCO'S promotion of an optimal
global purchasing strategy and the new production
launches undertaken at JATCO (Guangzhou)
Automatic Transmission Ltd., JATCO's local
manufacturing arm that was established in April
2007. The question of how to ensure stable supplies
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of high quality parts has become a critical issue.

In this regard, the Shanghai Office has mainly been
carrying out the following activities in cooperation
with the related departments at JATCO's Head Office.
(1) Thoroughgoing efforts to instill JATCO's quality

philosophy, quality control standards and quality
procedures through joint briefings to parts
suppliers and other activities.

(2) Detection of issues by conducting process audits
and undertaking thorough follow-up until
corrective measures have been implemented.

(3) Conveyance of information to suppliers when
their delivered parts have quality problems and
pursuing thorough follow-up on temporary and
permanent solutions.

(4) Local follow-up regarding design changes

As a result of these efforts, problems have been
resolved without seriously affecting production
operations, but the system needs to be strengthened
further.

3.4. New challenge

Japanese automakers have so far been able to apply
general export specifications to their vehicles sold in
China, but the situation is clearly changing due to the
spread of vehicles into other regions of the country,
intensifying competition, diversification of customer
needs and other factors. The timely development of
vehicles that meet today's conditions is now a critical
issue that also concerns JATCO as a supplier of
transmissions.

Accordingly, a new challenge for the Shanghai
Office is to research the driving patterns of Chinese
customers, ascertain the present status of and changes
occurring in China's road and traffic environment, and
feed that information back to JATCO for use in
product development and quality improvements. We
intend to address this eternal task in cooperation with
the related departments at JATCO in order to deliver
products of excellent quality to customers in China.

4. Concluding Remarks

The fifth plenum of the 17th Central Committee of
the Communist Party of China ended on October 18,
2010, following discussions of the 12th 5-year plan
that runs from 2011 to 2015. The following five goals
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were set for China's economic and social

development.

(1) Stable and relatively rapid economic development

(2) Attainment of significant progress in strategic
economic restructuring

(3) A universal and relatively rapid increase in the
incomes of people in urban and rural areas

(4) Noticeable strengthening of social infrastructure
implementation

(5) Further deepening of the reform and opening-up
process

The numerical targets of the 12th 5-year plan will
be discussed at the National People's Congress
scheduled to be convened in 2011. Continued
economic development, increasing the income of the
general populace, strengthening of infrastructure
implementation and other measures will further
broaden the base of the vehicle-buying strata. That
will mean greater opportunities for the automakers to
expand sales, and it will also pose a major question of
how to succeed in the face of intensifying
competition.

The crucial issue is to develop, produce and supply
high-quality products that are fuel efficient, low in
cost, fit China's road environment, match Chinese
customers' preferences and are consist with societal
demands for resource conservation and environmental
friendliness. Addressing this issue will be a major test
for JATCO, which is proceeding with the
globalization of its operations, and for all Shanghai
Office employees who are trying to do their best in
Shanghai's business environment.
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Summary[] This article describes JATCO's new small
CVT developed for use on both minivehicles and
small cars and intended to contribute to the resolution
of global environmental issues by improving vehicle
fuel economy. One of the key features of this CVT is
an auxiliary gearbox, a world-first technology for
reconciling power performance with low fuel
consumption and for achieving a smaller, lighter
design. Other key features include cooperative control
between the belt-pulley assembly and the auxiliary
gearbox and adaptive learning control techniques for
controlling the clutch pressure to facilitate gearshifts
involving highly complex switching between
clutches. These and other control features have been
developed to deliver a smooth, seamless shift feel
equal to that of conventional CVTs.
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1. Introduction

JATCO began producing the new small CVT
described here in July 2009. This next-generation
small CVT is capable of a broad range of application,
combining the coverage of existing CVTs for both
minivehicles and small cars. It also features an
auxiliary gearbox to achieve a dramatic improvement
in fuel economy.

The automotive industry today sees improvement
of fuel economy as a way of helping to sustain the
environment, amid the heightened concern about
global environmental issues in recent years, including
stricter laws and regulations. Among the various
approaches being taken to improve vehicle fuel
economy, CVTs are one of the most effective
technologies available. These past few years all of the
automakers have been increasing the proportion of
their vehicles fitted with a CVT. JATCO was among
the first to focus on CVTs and has led other

*000oooooo
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companies in developing a full lineup of CVTs that
have been highly popular with customers. In 1997,
JATCO announced the world's first steel-belt CVT
for use on front-wheel-drive (FWD) cars.
Subsequently, we developed a wide range of CVT
models, from units for FWD minivehicles to a CVT
for application to large FWD vehicles powered by a
3.5-liter class engine.

The newly developed CVT is a product that can be
applied to a wide range of vehicles from minivehicles
to small cars (Fig. 1). This article describes the
principal technologies incorporated in this new small
CVT to improve fuel economy, the auxiliary gearbox
shift control techniques and the efforts made to
facilitate global application.

2. Product Concept and New Technologies

2.1. Product concept

This new small CVT was developed around the
following product concept.

(1) To reconcile power performance with lower fuel
consumption through wider ratio coverage

(2) To improve fuel economy by reducing friction

(3) To achieve a CVT applicable to both minivehicles
and small cars by downsizing and lightening the
unit

There are growing demands worldwide for
improving fuel economy from the standpoint of both
environmental and economic aspects. Fuel economy
regulations are becoming increasingly tighter in the
main vehicle markets of North America, Europe and
China. The same regulatory trend can be seen in
Japan's Green Tax system that gives preferential tax
breaks to eco-friendly vehicles.

Manufacturers are accelerating their efforts to
improve vehicle fuel economy and address
environmental issues, including the introduction of
electric vehicles and hybrid vehicles. However,
considering the potential effect in terms of global
sales volumes, it is essential to improve the fuel
economy of transmissions used with volume-selling
reciprocal engines in order to reduce CO, emissions
over the widest possible area.

The new small CVT features wider ratio coverage
to reconcile power performance with lower fuel
consumption. It is also the world's first CVT to adopt
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Table 1 Major specifications

Item New CVT _ |Conventional CVT,
Torque Capacity 150 Nm 150 Nm
Gear Ratio |Ratio Coverage 7.3 6.0
Pulley Ratio 2.200~0.550 2.561~-0.427
: . 3.753 5473
i S ki (0.967x3.882) | (1.488x3.684)
Planetary Gear Ratio |1st 1.821 None
(Auxiliary Gearbox)  [2nd 1.000 None
Rev 1.714 1.023
Through Low Ratio 15.035 14.016
Weight (kg) 67.5 774
Overall Length (mm) 323.3 354.7
Distance between Pulley Shafts 147 156
Distance between 1st and 4th Shafts 183 186
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an auxiliary gearbox for achieving further size and
weight reductions (Fig. 2).

2.2. CVT Lineup and position of new small CVT

JATCO has a full lineup of CVTs, ranging from
units for minivehicles to a CVT for use with large
engines of the 3.5-liter displacement class. The CVT
model mix consists of four types designed
respectively for application to FWD minivehicles,
FWD small cars, FWD midsized cars and FWD large
cars.

The addition of an auxiliary gearbox to the new
small CVT has achieved both size and weight
reductions, enabling its use on minivehicles. This
single new CVT can cover both minivehicle and
small car applications, thereby achieving larger
production volumes for reducing costs (Fig. 3).

The specifications of the newly developed CVT are
given in Table 1.

Torque
Capacity [Nm ]

400 7

Development Level

350 i - Common unit
- New design

300
250 |
200 7

150
100

50 7

CVT for FWD NEW CVT for FWD
Fig. 3 Torque range

2.3. Major technologies for improving fuel economy
1) One of the world's widest ratio coverages

The addition of the auxiliary gearbox to an
ordinary CVT belt-pulley assembly achieves one of
the world's widest ratio coverages among existing
CVTs and stepped ATSs. This contributes to achieving
both improved fuel economy and power performance
(Fig. 4).

2) Downsizing of pulleys
The parallel use of the planetary auxiliary gearbox
with the conventional belt-pulley system for ratio
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changes made it possible to set the ratio coverage of
the belt-pulley assembly of the new small CVT at 4.0.
Setting the ratio coverage at 4.0 allowed the outer
diameter of the pulleys and the stroke length to be
reduced, enabling the new CVT to be mounted in the
engine compartment of both minivehicles and small
cars. Additionally, the smaller pulley size helped to
reduce the pulley weight by approximately 30%
compared with existing pulleys. That is significant
because pulleys represent large components of a
CVT.

3) Friction reduction techniques

The new small CVT is laid out with a counter gear
between the first and second shafts, the belt-pulley
assembly between the second and third shafts and the
reduction gear between the third and fourth shafts.

The primary pulley on the pulley input shaft, i.e.,
the first shaft of an ordinary CVT, is now positioned
higher in the unit (Fig. 5).

This enables the primary pulley to rotate without
touching the CVT fluid surface, thereby reducing
fluid churning for a reduction of friction loss.

Pri pulley Sec pulley

2nd shaft 3rd shaft

Increased %

distance

1st_shaft

4th shaft
Transmission fluid il

Fig. 5 Shaft layout

A steel-belt CVT usually attains its maximum
efficiency with respect to belt friction at a pulley ratio
near 1:1 during steady-speed driving.

The new small CVT uses the first gear of the
auxiliary gearbox to secure an overall reduction ratio
effective for good start-off acceleration.

This made it possible to set the final reduction ratio
smaller than that of existing CVTs.

As a result, compared with existing CVTs when
traveling in the second-gear range at the same vehicle
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speed, the new CVT can operate more often near a
pulley ratio of 1:1 where the efficiency of the belt-
pulley assembly is higher. This makes it possible to
reduce CVT friction (Fig. 6).

It is noteworthy that the wide ratio coverage was
used effectively in designing shift lines with a large
degree of freedom so as to match the engine speed
better.

3. Shift Control Techniques for Auxiliary Gearbox

3.1. Structural overview

A conventional planetary CVT has only a
changeover mechanism for switching between
forward and reverse. In contrast, the auxiliary
gearbox positioned downstream of the belt-pulley
shifting mechanism in the new small CVT can shift
between two forward speeds and one reverse speed
(Fig. 7). The auxiliary gearbox is built with a
Ravigneaux planetary gear set for compactness that
reduces the overall length of the CVT. A low brake is
engaged in the first forward speed and a high clutch is
engaged in the second forward speed. Since the
auxiliary gearbox does not have a one-way clutch,
1st - 2nd and 2nd - 1st shifts are all executed by
switching between clutches.

Counter
Gear

. Auxiliary —  Low Brake (11
Gearbox

Engine High Clutch (2%)

Torque Converter

T R e e e e N

Final Gear

Rev Brake

Fig.7 Auxiliary gearbox

3.2. Shift patterns

The shift patterns of the auxiliary gearbox can be
broadly divided into three types. There are two types
of upshift patterns for changing the auxiliary gear
ratio from 1st to 2nd gear. One is an automatic upshift
pattern for shifting under a high pulley ratio (Fig. 8).
This pattern is selected for ordinary vehicle
acceleration and is designed to minimize the transient
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input torque to the auxiliary gearbox when an upshift
is executed. As will be explained later, this serves to
reduce as much as possible the shift shock induced by
switching clutches when the auxiliary transmission
shifts.

The other is an upshift pattern designed to improve
fuel economy in low-speed driving situations such as
when traveling on city streets. The auxiliary gearbox
is intentionally shifted to 2nd gear so as to use a
pulley ratio that facilitates more efficient transfer of
power by the transmission (Fig. 9).

1%t Low 2n Low 1% High

2" High

better fuel econ

Engine Speed

Upshift phase

Lift up on accelerator

Vehicle Speed
Fig. 9 Upshift patterns for better fuel economy

The remaining shift pattern is for a 2nd - 1st
downshift. Basically, a downshift is executed under a
low pulley ratio. The intention here is to minimize as
much as possible the shift frequency of the auxiliary
gearbox. In addition, downshifts are executed by
judging the driver's intention to accelerate based on
the accelerator pedal position and accelerator
depression speed. Taking these conditions into
account works to optimize the shift frequency and
shift quality of the auxiliary gearbox (Fig. 10).

3.3. Cooperative control

Shift control of the auxiliary gearbox is explained
here using a typical automatic 1st - 2nd upshift as an
example. The auxiliary gearbox has four phases. The
method of controlling the clutch pressure in each
phase and related purpose are basically the same as
for a conventional stepped AT. The only control
procedure unique to the new small CVT is
cooperative control with the belt-pulley assembly in
the inertia phase, in which the input rotational speed
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of the auxiliary gearbox actually changes.

In order to maintain a constant engine speed in the
inertia phase, a target pulley ratio is calculated based
on the target total gear ratio and the target gear ratio
of the auxiliary gearbox, and the actual gear ratio of
the auxiliary gearbox and the actual pulley ratio are
cooperatively controlled on that basis (Fig. 11).

The key point of the cooperative control applied to
the auxiliary gearbox is to reduce shift shock, i.e., the
change in vehicle acceleration induced by a change in
the torque output of the auxiliary gearbox that occurs
when it switches between clutches in the torque
phase. We have been working on various methods for
reducing this shift shock in order to achieve smooth
shift performance equal to that of conventional CVTs.

3.4. Adaptive learning control

Various adaptive learning control features have
been built into the control program to reduce the
above-mentioned shift shock. Adaptive learning
control can be broadly divided into two types. One
type is adaptive learning control of the clutch
engagement point. The clutch engagement point refers
to the hydraulic pressure at which a clutch begins to
transmit torque. This control feature works to reduce
the difference between the actual clutch torque
capacity and the target capacity so as stabilize the
pressure at a level for mitigating shift shock. In the
initial period of use, this difference is noticeably large
owing to variability in the hydraulic pressure and the
hardware specifications, which makes this control
feature very important. The control procedure is to
allow the release-side clutch to slip slightly in the
shift preparation phase and to raise the pressure of the
engaging-side clutch to the level of the initially
estimated clutch engagement point. When the
engaging-side clutch begins to transmit torque, an
amount of compensation is determined for the initially
estimated clutch engagement pressure according to
the actual input rotational speed of the auxiliary
gearbox. The compensation value is stored in memory
and reflected in the control operation (Fig. 12).

The second type is adaptive learning control of the
clutch torque capacity which is performed when there
are no auxiliary gearbox shifts. The main purpose of
this control feature is to compensate for changes in
performance characteristics due to the aging of parts,



New CVT with an Auxiliary Gearbox Designed for Eco-friendliness and High Performance

Preparation phase

Input rotational |— RS N
speed

Target timing
Low Brake I

Pressure

Torque phase

T

i Initially estimated
clutch engagement point
High Clutch ! Compensation amount
Pressure 1 . Time

Fig. 12 Adaptive learning control of clutch engagement point
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including changes in the friction coefficient of clutch
friction materials. The control procedure is to lower
the engaging-side clutch pressure gradually under a
steady-state condition where there is little variation in
torque and rotational speed. At the point where the
clutch begins to slip and the input rotational speed
of the auxiliary gearbox rises, an amount of
compensation is determined for the clutch torque
capacity depending on whether the clutch pressure is
higher or lower than the estimated value. The
compensation value is stored in memory and reflected
in the control operation (Fig. 13).

qady-state operation with little fluctuation in torque and rotational spe’-—

\
et

Input rotational
speed

Low Brake
Pressure

or

High Clutch
Initially estimated
Pressure pressure for onset =— —
of clutch slipping

Time

Fig. 13 Adaptive learning control of clutch torque capacity

In an automatic 1st - 2nd upshift, the adaptive
learning control of the clutch engagement point
serves to prevent a sudden change in vehicle
acceleration by optimizing the high clutch pressure at
the onset of the torque phase. Moreover, the adaptive
learning control of the clutch torque capacity works to
stabilize the amount of change in vehicle acceleration
by optimizing the high clutch pressure at the end of
the torque phase. In addition, the change in the gear
ratio of the auxiliary gearbox during the inertia phase
is ideally controlled to optimize cooperative shifting
with the belt-pulley assembly and thereby prevent any
fluctuation in engine speed due to shifting (Fig. 14).

4. Conclusion

The development of the new small CVT has
brought the following benefits.
(1) Wider ratio coverage for reconciling power
performance with low fuel consumption
The adoption of the auxiliary gearbox has achieved
one of the world's widest ratio coverages to secure
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excellent start-off acceleration together with low fuel
consumption by allowing a lower engine speed during
highway cruising when this CVT is used on
minivehicles and small cars with small displacement
engines.

(2) Improvement of fuel economy by reducing friction

The adoption of a shaft layout different from that of
conventional CVTs has improved power transmission
efficiency.

Additionally, the combination of wider ratio
coverage and adaptive learning control allows more
frequent operation near a pulley ratio of 1:1 for
improved driving efficiency as well as achieving an
optimum match with the engine speed.

(3) Shared use on minivehicles and small cars thanks
to size and weight reductions

The adoption of the auxiliary gearbox allows the
use of smaller pulleys, making it possible to achieve a
more compact CVT that can be fitted on a variety of
vehicles from minivehicles to small cars. The lighter
unit weight also contributes to improving vehicle fuel
economy.

(4) Assurance of smooth shift quality

The new small CVT features the world's first
cooperative control system between the belt-pulley
assembly and the auxiliary gearbox. In addition, the
adoption of adaptive learning control and other
improvements facilitates precise clutch pressure
control for executing gearshifts involving more
complex switches between clutches than in a
conventional stepped AT. These control features
achieve a smooth, seamless shift feel equal to that of
conventional CVTs.
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5. Concluding Remarks

In recent years it has become the mission of
automotive transmissions to contribute to improving
fuel economy as part of efforts to address global
environmental concerns. By challenging ourselves to
create a unique new structure that combines an
auxiliary gearbox with a conventional CVT belt-
pulley assembly, we succeeded in developing a
new transmission with exceptionally strong
competiveness.

Finally, the authors would like to thank everyone
concerned at Nissan Motor Co., Ltd., Suzuki Motor
Corporation and in our internal departments for their
invaluable cooperation in connection with the
development of this new small CVT.
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Introducing the JFO15E Steel-belt CVT for Front-drive Cars
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Fig. 1 Main cross-sectional view
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The JFO15E CVT was adopted on the 1.5-liter class
JUKE compact car that Nissan Motor Co., Ltd.
released in June 2010. This CVT features a unique
structure that combines a planetary auxiliary
transmission with a conventional belt-and-pulley
assembly. This design achieves the world's widest
ratio coverage, enabling the JFO15E to improve
quietness in high-speed driving and provide better
fuel economy, while delivering fast launch response
and excellent acceleration performance. All of these
attributes are highly acclaimed by customers.

The JFO15E was also adopted on the new-
generation March released in July 2010. This model
features an idling stop system for best-in-class fuel
economy of 26 km/l under Japan's 10-15 test mode.
As a result, it has attracted widespread customer
interest. The idling stop system also incorporates a
function for locking the auxiliary transmission to
prevent the vehicle from rolling backward on a hill,
thereby enabling the driver to start off again with
complete peace of mind.

Table 1 Specifications of JFO15E

Torque capacity 150 Nm

Control system Electronic

Torque converter size 205 mm dia.

Counter gear ratio 0.967

Pulley ratio Low: 2.2 High: 0.55
Ratio coverage 7.3

Ist Fwd: 1.821
2nd Fwd: 1.000
Rev: 1.714
3.882

Auxiliary transmission
gear ratios

Final drive gear ratio

No. of selector positions | 5

327.3 mm

Overall length

Wet weight 67.3 kg (No idling stop system)

m Typical models fitted with the JFOI5E CVTm |
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m Typical model fitted with the JFO15E CVT m

New SWIFT
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The JFO15E steel-belt CVT was adopted on the
Palette released by Suzuki Motor Corporation in
September 2009. This CVT features a unique
structure that combines a planetary auxiliary
transmission with a conventional belt-and-pulley
assembly to attain the world's widest ratio coverage
for improved quietness in high-speed driving and
lower fuel consumption, while providing fast start-off
response and excellent acceleration performance. All
of these qualities are highly popular with customers.

The JFO15E was also adopted on the new
generation of the Suzuki Swift that was rolled out in
August 2010. That marked the first use of a JATCO
CVT on a Suzuki compact car, and the JFO15E helped
all Swift models qualify for a tax reduction on eco-
friendly cars. In addition, a manual shift mode is also
available on some trim grades for an added measure
of driving pleasure.

The new Swift won the 2011 RJC Car of the Year
award given by the Automotive Researchers and
Journalists' Conference of Japan in December 2010.
This honor testifies to the car's high evaluation by
auto industry analysts and journalists.

Table 1 Specifications of JFO15E

Torque capacity 120 Nm
Control system Electronic
Torque converter size 205 mm dia.
Counter gear ratio 0.967
Pulley ratio 2.200-0.550
Ratio coverage 7.3

Auxiliary transmission gear ratios

Ist Fwd: 1.821

2nd Fwd: 1.000

Rev: 1.714
Final drive gear ratio 3.882
No. of selector positions 5
Overall length 346.5 mm
Wet weight 68.5 kg
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Fig. 1 Main cross-sectional view

Adopted on the Suzuki Palette released in
September 2009, the JFO15E CVT features a unique
structure that combines a planetary auxiliary
transmission with a conventional belt-and-pulley
assembly. This design achieves the world's widest
ratio coverage for improved quietness in high-speed
driving and better fuel efficiency while providing fast
launch response and excellent acceleration
performance. All of these qualities are highly popular
with customers.

In August 2010, the JF105E was adopted on
Suzuki's Wagon R, Wagon R Stingray and Lapin
minicars. Its further improved fuel efficiency helped
all models, even those with a turbocharged engine,
qualify for a tax reduction on eco-friendly cars.

In addition, the Wagon R model incorporates an
idling stop system for a dramatic improvement in fuel
economy, and the Wagon R Stingray also has a manual
shift mode that provides greater driving pleasure.

Table 1 Specifications of JFO15E

Torque capacity 100 Nm

Control system Electronic

Torque converter size 185 mm dia.

Counter gear ratios NA: 1.346; TU: 1.178
Pulley ratio 2.200-0.550

Ratio coverage 7.3

1st Fwd: 1.821
2nd Fwd: 1.000

Auxiliary transmission gear ratios

Rev: 1.714
Final drive gear ratio 3.882
No. of selector positions 5
Overall length 343 mm
Wet weight 62.5 kg

m Typical model fitted with the JFO15E CVT m

New Wagon R
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Fig. 1 Main cross-sectional view

The JFO11E CVT is used on the new Elgrand
(released in October 2010), the new JUKE compact
sports crossover and the Teana models of Nissan
Motor Co., Ltd. It is highly acclaimed for providing
the smooth ride comfort characteristic of a CVT and
linear shifting matching the driver's intentions. In
addition, this CVT also ensures superior fuel
economy thanks to its neutral idle control, expanded
range of lock-up operation and reduced friction,
among other improvements.

The JFO11E can be used on a wide variety of car
models, including heavy vehicles, and it is also the
first CVT to be mated to a direct injection
turbocharged engine. It has been highly popular with
customers.

Table 1 Specifications of JFOL1E CVT

Torque capacity 240 Nm
Control system Electronic
Torque converter size 236 mm dia.

Pulley ratios Low: 2.349 High: 0.394

Ratio coverage 6.0

Final drive gear ratio 5.407-6.466

No. of selector positions | 6

Overall length 354.7 mm

Wet weight 89.2 kg

m Typical model fitted with the JFO11E CVT m
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Fig. 1 Main cross-sectional view

The JFO11E CVT was adopted on the new
generation of the Serena released by Nissan Motor
Co., Ltd. in November 2010. This CVT uses an
electric-driven oil pump for compatibility with the
idling stop system. It also features an ATF warmer,
reduced friction, an expanded range of lock-up
operation, cooperative control of the transmission and
engine, and other improvements for thoroughgoing
enhancement of fuel economy. As a result, it
contributes significantly to the Serena's attainment of
best-in-class fuel economy.

Additionally, in order to achieve compatibility with
the idling stop system, greater use was made of parts
shared with other models, thereby expanding the
JFO11E's range of application.

Table 1 Specifications of JFO11E CVT

Torque capacity 210 Nm
Control system Electronic
Torque converter size 236 mm dia.

Pulley ratios Low: 2.349 High: 0.394

Ratio coverage 6.0

Final drive gear ratio 5.407

No. of selector positions | 5

Overall length 354.7 mm

Wet weight 90.9 kg

m Typical model fitted with the JFO11E CVT m

Serena

1941



[SLLECHIN

oot rFOO0CVTU JFO11ED O O
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Fig. 1 Main cross-sectional view

The JFOL11E steel-belt CVT was first adopted on
the Outlander model of Mitsubishi Motors
Corporation in October 2005. It has been highly
acclaimed for its lightweight and compact design,
outstanding fuel economy and quick shift response.

Its application was expanded to Mitsubishi's Delica
D:5 in January 2007, to the Galant Fortis in August of
that year and to the new-generation RVR in February
2010.

Table 1 Specifications of JFO11E

Engine For 1.8L engines
2WD/4WD 2WD 4WD
Max. input torque 172 Nm <«
Vehicle weight 1360 kg 1430 kg
Control system Electronic «—
Torque converter 236 mm dia. ~
Ratios Fwd 2.349~0.394 “«

Rev 1.750 “
Final gear ratio 6.120 «—

4 (P,R,N,D) -~
No. of selecter positions |  With 6-speed
sport mode

Wet weight 90.9 kg 92.1kg

m Typical model fitted with the JFOL1E CVT m
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Fig. 1 Main cross-sectional view

The JF613E was adopted on the revised X-TRAIL
(Clean Diesel G20 model) that Nissan Motor Co.,
Ltd. released in July 2010. This AT discontinues the
one-way clutch (OWC) to reduce friction by lowering
the churning resistance of the ATF, expands the
region of lock-up operation and adopts neutral idle
control. These features work to improve fuel
economy and reduce idling vibration, resulting in an
AT that is very popular with customers.

Table 1 Specifications of JF613E

Max. input torque 360 Nm
Max. input speed 5,200 rpm
Max. vehicle weight (GVW) 2,098 kg
Control system Electronic with
linear solenoids

Torque converter 250 mm dia.
Gear ratios Ist 4.199

2nd 2.405

3rd 1.583

4th 1.161

5th 0.856

6th 0.685

Rev. 3.457
Final drive gear ratio 3.571
No. of selector positions 4 (P,R,N,D)
Overall length 385 mm
wdateenia 197 min
Weight (wet) 106 kg

m Typical model fitted with the JF613E AT m
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Fig. 1 Main cross-sectional view

The JF613E 6-speed AT was fitted on the new SM5
midsized passenger car released by Renault Samsung
Motors (RSM) in the South Korean market in May
2010. It was also adopted on a 2.5-liter gasoline
engine model that went on sale in South Korea in
December 2010. Currently, the application of this AT
is being extended to Renault brand models and RSM
brand models worldwide.The JF613E features
Adaptive Shift Control (ASC) that automatically
selects the optimum gear matching the driving
environment and road surface conditions for
improved fuel economy and superior driveability.
Such performance has made this AT highly popular
with customers everywhere.

Table 1 Specifications of JF613E
230/330/360/450 Nm
Electronic

250/260 mm dia.

Ist 4.199

2nd 2.405

3rd 1.583

4th 1.161

5th 0.856

6th 0.686

Rev 3.457
3.804/3.36/3.36/2.991
No. of selector positions | 4 (P, R, N, D) + Manual shift mode

Torque capacity

Control system

Torque converter size

Gear ratios

Final drive gear ratios

Overall length 385 mm
Center distance between

. . . 197 mm
engine and differential
Wet weight 98 kg

m Typical model fitted with the JF613E AT m
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Fig. 1 Main cross-sectional view

The new JF414E 4-speed AT designed for front-
drive cars was first adopted on the new March model
that Nissan Motor Co., Ltd. rolled out for the Chinese
market in August 2010. Its application has since been
further expanded to other models sold in emerging
markets.

This new AT shares key components of the
previous unit noted for its high reliability and a
cumulative production volume of 11 million units.
Many design details were also improved to attain
higher robustness.

The adoption of direct-acting control using three-
way linear solenoid valves improved shift
performance and also contributed to a lighter, more
compact design that satisfies the performance
demanded by customers.

Table 1 Specifications of JF414E

Torque capacity 150 Nm
Control system Electronic
Torque converter size 205 mm dia.
Gear ratios Ist 2.861
2nd 1.562
3rd 1.000
4th 0.697
Rev 2.310
Ratio coverage 4.1
Final drive gear ratio 4.081-4.351
No. of selector positions 6(P,R,N,D,2, 1)
Overall length 344.2 mm
Center distance between
engine and differential 183 mm
Wet weight 58 kg

m Typical model fitted with the JF414E AT m
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Introducing the JF405E-G 4-speed AT for Front-drive Cars

FFAO OO OO O JF405E-GO 0 '020 700 GM The JF405E-G 4-speed AT for front-drive cars was
000000000000 O0MatizoOoOoOoO OO0 first adopted on the Matiz, built by GM Daewoo &
0000 Technology Company, in July 2002.

This AT was also adopted on the 1.0-liter Matiz
Creative minicar that underwent a full model change
in August 2009. It incorporates coasting slip lockup

OO0 0000020090 8000000000000
0 1000CCO 00O O MatizcreativeD OO ODOO O

Douonooobooninooonooooood control for improved fuel economy, torque control for
cbooobooobboooobobooobooddK-oBD enhanced shift performance and an upgraded control
0 Korea-On Board Diagnostics(I0 O 00O O ATO system complying with Korea Onboard Diagnostics
D000 000o0oooooooooononon (K-OBD) requirements. Besides being marketed in
000 South Korea, the JF405E-G is also exported to
markets around the world.
] Table 1 Specifications of JF405E-G
— ' Max. input torque 92.3 Nm
Max. input speed 6,500 rpm
/* 1oy Max. vehicle weight (GVW) 1235 kg
7] Control system Electronic
& Torque converter 200PCD
= 1st 2914
2nd 1.525
Gear ratios 3rd 1.000
4th 0.725
T Rev. 2.642
Final drive gear ratio 4.709
No. of selector positions 6 (P,R,N,D,2,L)
Overall Length 359.9 mm
o e s US| 72
Fig. 1 Main cross-sectional view
Wet weight 50.4 kg

m Typical model fitted with the JF405E-G AT m
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Introducing the JR405E 4-speed AT for Rear-drive Cars
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Fig. 1 Main cross-sectional view
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The JR405E 4-speed AT is designed for application
to rear-drive cars and features direct electronic
control of the clutch pressure. This AT was adopted
on the Mazda Bongo that underwent a minor model
change in August 2010.

Since it was first featured on the Mazda Bongo in
June 1999, the JR405E has been used on many
commercial vehicles. Applications include the Nissan
Vanette, which Mazda supplies to Nissan under an
OEM agreement, and the Mitsubishi Delica. It has
been highly acclaimed for providing outstanding
driveability.

Table 1 Specifications of JR405E

Max. input torque 147 Nm
Max. input speed 5,300 rpm
Max. vehicle weight (GVW) 2,749 kg (2WD)
Control system Electronic
Torque converter 236 mm dia.
Gear ratios Ist 2.785

2nd 1.545

3rd 1.000

4th 0.694

Rev. 2.272
No. of selector positions 6 (P,R,N,D,S,L)
Weight (Dry) 62 kg

m Typical model fitted with the JR405E AT m

Mazda Bongo
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1. Forum for Japanese transmission engineers

The Transmission Forum 2009, co-sponsored by
Yokohama National University and the Society of
Automotive Engineers of Japan (JSAE), was held
at Pacifico Yokohama on Tuesday, July 21, 2009.
Organized around a program of technical
presentations, this forum brought together over 300
people involved in the development of automotive
transmissions.

A JATCO employee gave a presentation
concerning techniques for improving vehicle fuel
economy by reducing the size and weight of
ATs/CVTs. He strongly emphasized the need to
promote further industry-academia collaboration in
Japan, following examples of such collaboration in
Germany. A speaker from Fuji Heavy Industries
talked about the development of a new chain-driven
CVT. A presentation by a Toyota employee on the
technologies incorporated in the transmission of the
new Prius ran over the allotted time for the Q&A
session. This showed the strong interest of the
attending engineers and was indicative of the overall
lively nature of the forum. One of the questioners got
straight to the point by asking what accounted for the
difference in fuel economy between the Prius and the
Honda Insight.

JATCO served as the secretariat of the forum this
year, working closely with Yokohama National
University and JSAE to provide all-out support for
the forum from the standpoint of promoting technical
public relations.

2. Ceremony in Fuji Area No. 1 to celebrate 1st
shipment of JFO15E CVT

A ceremony was held at the No. 2 plant in Fuji
Area No. 1 on Thursday, August 20, 2009 to celebrate
the first shipment of the next-generation JFO15E CVT
that features notable reductions in size, weight and
friction. Unveiled in July 2009, this next-generation
CVT was developed jointly with Nissan Motor Co.,
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Ltd. Under Nissan's medium-term environmental
action plan called the Nissan Green Program 2010,
the two companies have so far achieved annual global
sales of one million CVT-equipped vehicles as well
as the development and sales launch of a new 7-speed
AT. JATCO intends to continue to develop and
introduce technologies and products that effectively
contribute to the advancement of a sustainable
mobility society.

Next-generation CVT

The next-generation CVT has a unique structure
that adds an auxiliary transmission to a conventional
belt-driven CVT, thereby expanding the ratio
coverage dramatically as well achieving a smaller,
lighter unit with enhanced efficiency. Its major
features are outlined below.

» World's widest ratio coverage for improved vehicle
launch response and acceleration performance

The unique structure provides substantially wider
ratio coverage of 7.3, a large 20% improvement over
that of existing CVTs in the same class. This figure
represents the world's widest ratio coverage, even
exceeding that of stepped 7-speed ATs used on
vehicles with a large displacement engine. As a result,
the new CVT provides quicker, more responsive start-
off acceleration and improved quietness in high-speed
driving.

o Smaller and lighter

The new CVT is the world's first to combine a belt-
driven CVT with an auxiliary transmission. This
unique and revolutionary design shortens the overall
unit length by 10% and reduces the weight by 13%
compared with existing CVTs in the same class.
 Reduced friction

Wider ratio coverage, smaller and lighter pulleys,
reduced fluid churning resistance and other
improvements combine to reduce friction by 30%
compared with existing same-class CVTs, thereby
improving the efficiency of the unit itself.

This next-generation CVT incorporates Adaptive
Shift Control (ASC), an advanced control technology
that enables selection of the optimal gear matching the
driving conditions, including acceleration, deceleration,
and hill climbing and descent. This results in a further
improvement of vehicle launch response, acceleration
performance, and other attributes.
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3. Specialist magazine coverage of JATCO's energy-
saving activities

JATCO's energy-saving activities were written up
in articles included in a supplement to the August
issue of ShinDENKI, published by Ohmsha, Ltd. The
supplement was entitled "Actual Examples of
Immediately Useful Energy-Saving Techniques.” The
articles covered the activities presented at the fiscal
2008 Kanto convention and exposition of practical
energy-saving examples sponsored by the Energy
Conservation Center, Japan. The presentations
were made by the Forging Section of FR A/T
Manufacturing Department No. 1 and Fujinomiya
Production Section No. 6 of the FF A/T
Manufacturing Department. These activities attracted
attention right after the convention because of their
immediate usefulness. Ohmsha asked JATCO to write
articles about the energy-saving activities that were
included in the supplement and are summarized
below.

"Annual CO: emission reduction of 480 tons by
discontinuing spheroidizing annealing of cold-forged
billets"

- Article summary -

Billets previously underwent spheroidizing
annealing (SA) in the cold-forging process, but it was
discovered after repeated trials and verifications that
the SA treatment could be eliminated without
affecting cold formability. As a result of
discontinuing this SA treatment, a new issue emerged
concerning an oil residue on the billet surface, but it
was resolved by installing a compact washing
machine. JATCO plans to implement this
improvement at other plants in the future.

Benefits
= Annual CO: emission reduction of 480 tons
= Annual energy savings worth ¥6.9 million
(including ripple effects, a total annual saving of
¥18.15 million)

"Reduction of electric power consumption by
improving salt bath heaters used for heat treatment"
- Article summary -

A survey was made of the amount of electric power
consumed in the heat treatment process for
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transmission gears. It was found that the salt baths
consumed the most electricity. The operating
conditions of the salt bath heaters were then
improved, while pursuing and maintaining higher
efficiency. Activities are currently under way to
reduce the power consumption of the heaters by an
additional target figure of 10% during fiscal 2009.
Benefits

= Annual CO; emission reduction of 39.2 tons

= Annual energy savings worth ¥780,000

4. Launching of CVT production at JATCO
Guangzhou's new plant in Guangzhou, China

JATCO (Guangzhou) Automatic Transmission Ltd.
(JATCO Guangzhou) held a ceremony on September
28, 2009 to inaugurate its new Guangzhou plant,
which recently launched full-scale production of
CVTs. The company is JATCO's manufacturing
subsidiary in China.

The new plant is JATCO's second overseas
production center after the factory in Mexico. It
produces steel-belt CVTs for use on 2.0-2.5-liter class
vehicles. The plant was built at an investment of 4
billion yen (about 300 million renminbi) and has an
annual production capacity of 140,000 units. It
currently has about 250 employees and plans to
expand its workforce further in the future.

The inauguration ceremony was attended by over
200 people, including Vice Chairman Shi Qizhu of
the Guangzhou Development District Administrative
Committee, Consul General Kazuhiro Tajiri of the
Japanese Consulate in Guangzhou, local government
officials, customers, supplier company representatives
and others.

In February 2007, JATCO announced a plan to
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launch local production in China and established
JATCO Guangzhou in April of that year. Preparations
were then undertaken for launching the new plant,
and after all the work was successfully completed,
full-scale production operations were initiated.

The CVTs built by JATCO Guangzhou are used on
the Nissan Sylphy, Teana, Qashqgai and X-Trail
produced by Dongfeng Nissan Passenger Vehicle Co.
The new plant has installed the JATCO Excellent
Production System (JEPS), the global manufacturing
system that is used in all JATCO plants in Japan and
Mexico, and provides high-quality CVTs that meet
international standards.

5. JATCO at the 41st Tokyo Motor Show in 2009

The 41st Tokyo Motor Show 2009 opened at
Makuhari Messe in Chiba prefecture on Wednesday,
October 21, 2009. As the world's leading producer of
CVTs, JATCO exhibited its full lineup of steel-belt
CVTs for use on vehicles ranging from minicars to
large 3.5-liter passenger vehicles. This included the
new next-generation CVT, the world's first CVT to
incorporate an auxiliary transmission.

The theme of the exhibits was "JATCO, CVTs for
the Environment." JATCO also exhibited a newly
developed hybrid vehicle transmission based on a 7-
speed AT for rear-drive vehicles, which was exhibited
as well, and a 6-speed AT for front-drive cars, among
other mainstay products.

During the show, presentations were given daily at
the JATCO booth to explain to visitors the operating
principle of a steel-belt CVT. Working CVT models
were also displayed so that visitors could personally
experience the operation of a CVT. In this way, the
outstanding environmental performance of CVTs was
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emphasized to the show visitors.

o Cutaway model of the newly developed next-
generation CVT
Boasting the world's widest ratio coverage of 7.3
this CVT delivers quick start-off acceleration
combined with quiet operation in high-speed
driving.

» Cutaway model of the newly developed hybrid
vehicle transmission
Featuring a one-motor two-clutch system designed
specifically for parallel hybrids, this unit also
provides a motor-alone drive mode.

6. JATCO employees participate in the 11th Uruoi-
no-Mori Tree Planting Festival

The 11th Uruoi-no-Mori ("Enriching the Forest™)
Tree Planting Festival was held at the Nanryo
Industrial Park in the city of Fujinomiya at the foot of
Mt. Fuji on Saturday, October 31, 2009. A total of 40
JATCO employees and their family members joined
over 1,200 persons from various citizen groups to
plant 10,000 saplings of more than 30 tree varieties,
including beech and konara oak. This activity is
aimed at fostering the development of cutting-edge
industries in harmony with nature by planting on the
grounds of this newly established industrial park
forests of broadleaf trees suitable to the ecosystem
at the foot of Mt. Fuji. For that reason, all of the
saplings planted were grown from seeds gathered at
the foot of the mountain. The scale of this activity in
terms of the number of participants and saplings
planted is one of the largest in Japan.

7. Presentation at a technical forum sponsored by
JSAE Chubu Branch

A technical forum about automotive-related
technologies was held at the Aichi Industry & Labor
Center on Friday, November 13, 2009, sponsored by
the Chubu Branch of the Society of Automotive
Engineers of Japan (JSAE). A JATCO employee gave
a one-hour presentation on the theme of “the current
status of automotive transmissions and direction of
their future technological evolution.” The presenter
explained the history of AT technology development,
especially CVTs, and described the future direction of
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progress from the perspective of environmentally
friendly technologies. Attendees expressed strong
interest in these subjects.

Besides JATCO's presentation, Shizuo Abe of
Toyota Motor Corporation talked about his company's
efforts to develop plug-in hybrids, and Professor
Eiichi Murase of Kyushu University Graduate School
of Engineering gave a presentation on the theme of
the present status and future trends of gasoline
engines.

8. President Shigeo Ishida gives invited presentation at
KSAE's 2009 Annual Convention and JATCO receives
KSAE Corporate Member Continuous Service Award

The Korean Society of Automotive Engineers
(KSAE) held its 2009 Annual Convention and
Exhibition at the Songdo Convensia Convention
Center in Incheon Metropolitan City, South Korea,
from Tuesday-Thursday, November 24-26, 2009.

JATCO President and CEO Shigeo Ishida had a full
schedule of activities at this event. On Tuesday,
November 24, he attended the awards ceremony at
which JATCO received a Continuous Service Award
as a KSAE corporate member, and on Thursday,
November 26, he gave an invited presentation on the
topic of "Recent Trends and Issues in ATs/CVTs." He
also appeared at JATCO's exhibits at the exhibition
held during the three-day convention.

At the exhibition, JATCO displayed cutaway
models of the JFOO9E and JFO11E CVTs as well as
models illustrating the working principle of CVTs.
Panels were also displayed that explained the
advanced technologies and outstanding environmental
performance of CVTs. Special attention was focused
on the CVT fitted on the new Renault Samsung SM3
sedan that is enjoying brisk sales, as interest in this
CVT is also growing in the South Korean market.
The exhibits served to emphasize the superior
performance of CVTs.

9. Ground-breaking ceremony at JATCO Guangzhou for
second phase construction to expand production capacity

JATCO (Guangzhou) Automatic Transmission Ltd.
(JGZ) held a ground-breaking ceremony for the
second phase construction to expand the production
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capacity of its Guangzhou plant. The event took place
on Wednesday, November 25, 2009, attended by
officials from the Guangzhou Development District
Administrative Committee and related persons from
JATCO.

JATCO established JGZ in China in April 2007 as
the company's second overseas production center after
its plant in Mexico in order to meet the increasing
global demand for CVTs, which are attracting
attention as an environmentally friendly technology.
JGZ launched full-scale production of steel-belt CVTs
for use on 2.0-2.5-liter class vehicles in September
2009. This expansion of its production capacity is
intended to meet the expected increase in CVT
demand in the Chinese market in the near future. A
new production line with an annual production
capacity of 240,000 units will be built to expand JGZ's
yearly production capacity to 380,000 units, up from
its current level of 140,000 units. The investment for
this expansion, including expanding the plant building
and installing the production equipment, will total 5.3
billion yen (about 400 million renminbi). The new line
is expected to begin operating around the middle of
2011. This increase in production capacity will bring
JGZ's workforce to approximately 700 employees.
The creation of local employment is expected to
contribute to further economic development in
Guangzhou as well as elsewhere in China.

10. Shizuoka Governor's Awards for Outstanding
Technician/Certified Vocational Training and Skill
Certification Award

A ceremony was held at Shizuoka City's East
District Labor and Welfare Center (Shimizu Terrsa)
on Monday, November 30, 2009 to present awards to
outstanding technicians and for skill certification.
Three JATCO employees were honored with the
following awards.

« Outstanding Technician Award (Governor's Award)

o Skill Certification Award (Governor's Award)

 Award for Contribution to Vocational Skill Certification

(Prefectural Vocational Ability Development
Association Chairman's Award)

The Outstanding Technician Award is presented to
persons who possess excellent technical skills and
who have worked to elevate respect widely among the
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general public for technical abilities as well as

striving to enhance the social standing of technicians

and to improve technical standards. Winners of this
award must satisfy all of the following conditions:

(1) Possesses outstanding technical skills and aims
to be a leading expert in related disciplines
throughout the prefecture.

(2) Has contributed to the development of technicians
through on-the-job involvement in the guidance,
education and training of the younger generation
in technical abilities.

(3) Serves as a recognized model for other technicians
with regard to work performance and daily
activities.

11. Presentations at the International CTI Symposium
in Europe

The International CTI Symposium was held in
Berlin, Germany over a four-day period from
November 30 to December 3, 2009. As in previous
years, JATCO employees participated in this event,
giving a keynote speech and a technical presentation.
The keynote speech began with a historical review of
the development of CVTs and their prospects for
future progress. The speaker also gave a preliminary
introduction of the new next-generation CVT and
touched on the CVT supply system in China,
including JATCO's plant in Guangzhou. The technical
presentation described an analysis technique for
predicting ATF behavior around the breather chamber
and the shaft, using a fluid analysis simulation
program in which a particle method is applied to treat
the fluid as particles. This technique is aimed at
mitigating ATF splattering in the transmission case
by visualizing fluid behavior and at reducing the
modeling time and effort.

12. Participation in a work-life balance symposium

A work-life balance symposium, sponsored by the
Shizuoka office of the Japan Institute of Workers'
Evolution, was held at the Shizuoka Prefecture
Economy and Industry Hall on Thursday, December
17, 2009.

The theme of the discussion was "creating
workplaces where various work styles are possible.”
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As a male employee who took a child-rearing leave,
Mr. Tanaka talked about the process of gaining the
understanding of the company and co-workers by a
male employee planning to take a child-rearing leave
and the importance of follow-up. He also described
how he is now making good use of his leave
experience in his work.

A questionnaire conducted among the attendees
that day produced many constructive comments, such
as "hearing the views of a man who had taken a child-
rearing leave was very valuable and instructive.”

13. JATCO receives national award as an excellent
business establishment for traffic safety

The Japan Traffic Safety Association held its 50th
central convention for the national traffic safety
campaign at Hibiya Public Hall in Tokyo on Tuesday,
January 19, 2010. JATCO received a national award
as an excellent business establishment with respect to
traffic safety. There were 92 business establishments
nationwide and three in Shizuoka prefecture that
received this award. This convention commends
traffic safety organizations, businesses, schools and
councils of traffic safety managers for their
excellence and notable accomplishments over many
long years of endeavoring to promote traffic safety
activities and also simultaneously recognizes
individuals, groups and companies that have achieved
outstanding results in traffic safety activities. Traffic
safety management associations were first established
in the Fuji area 41 years ago and JATCO became the
first to receive this award.

14. Two JATCO employees certified as high-
proficiency skilled workers in fiscal 2009

A ceremony was held on Thursday, February 25,
2010 to present certification certificates and skilled
worker badges to persons certified as high-
proficiency skilled workers by the Japan Vocational
Ability Development Association in fiscal 2009. Two
JATCO employees received this certification.

A high-proficiency skilled worker is one who can
make high-precision, high-quality products,
prototypes and other items using advanced skills for
which there is no machine substitute, or one who can
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manufacture products of high precision and quality
equal to or better than the products produced by
machines.

This certification is awarded under a national system
established in 1998. Including the 53 technicians
certified this time, 1,049 technicians involved in auto
parts manufacturing have received this certification
nationwide to date. At JATCO, 23 persons have now
been certified, including the latest two.

15. Minister of Education, Culture, Sports, Science and
Technology Award for Originality and Invention and
Fuji City's Special Award for Outstanding Employees

The Minister of Education, Culture, Sports, Science
and Technology Award for Originality and
Innovation in fiscal 2010 was presented to recipients
in a ceremony held in the Annex of the Shizuoka
Prefectural Government Office on Friday, April 16,
2010. This award is given to persons who have
contributed to improving or advancing technology,
such as by improving work efficiency, enhancing
quality or preventing pollution or disasters
through the exercise of originality or invention in
occupational fields.

Two JATCO employees received this award for (1)
creation of software for cutting/pasting NC machining
data and (2) creation of a device for removing oil pan
gaskets.

Fuji City's Special Award for Outstanding
Employees was presented in a ceremony held at the
Fuji City Chamber of Commerce and Industry on
Friday, April 23. Four JATCO employees were
recipients of the following awards.

Fiscal 2009 Minister of Education, Culture, Sports,

Science and Technology Award: 2 persons

Fiscal 2009 Shizuoka Governor's Outstanding

Technician Award: 1 person
Fiscal 2009 Shizuoka Governor's Medal of
0 Honor: 1 person
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16. Serving as Yokohama F-Marinos player escorts
and flag bearers

Children of JATCO Group employees served as
player escorts and flag bearers at a soccer match
between Yokohama F-Marinos and Jubilo Iwata held
at Nissan Stadium on Saturday, May 1, 2010. From
among many applicants, 11 children were chosen to
be player escorts and six to be flag bearers, enabling
them to gain the unforgettable experience of
appearing on the pitch of Nissan Stadium where
official J League soccer matches are played. Under a
sunny blue sky, the children escorted the players onto
the pitch and carried fair play flags emphasizing good
sportsmanship, all of which added to the excitement
of the pre-match ceremony.

17. JATCO exhibits at 2010 Automotive Engineering
Exposition

The 2010 Automotive Engineering Exposition was
held at Pacifico Yokohama from Wednesday-Friday,
May 19-21, 2010. JATCO displayed its full CVT
lineup, publicizing the outstanding environmental
performance of CVTs under the theme of "JATCO,
CVTs for the Environment."

As the world's leading producer of CVTs, JATCO
presented its complete lineup of steel-belt CVTs
designed for use on vehicles ranging from minicars to
large 3.5-liter passenger vehicles. The exhibits
included the new next-generation CVT, the world's
first CVT to feature an auxiliary transmission. In
keeping with the theme of "JATCO, CVTs for the
Environment,” the exhibits served to introduce the
superior environmental advantages of CVTs. Also on
display was the newly developed hybrid vehicle
transmission based on a 7-speed AT for rear-drive
cars.

The exhibits publicized JATCO's wide-ranging
efforts to develop technologies contributing to the
provision of both improved fuel economy and driving
comfort, including R&D work for enhancing
CVT performance, optimizing cooperative
engine/transmission control, and reducing the size
and weight of transmissions. In addition to Japanese
exhibitors, many overseas companies also displayed
their products at this year's exposition. The venue was
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filled with people involved with the automotive
industry, making the exposition a very lively and
exciting event.

18. Presentation at JSAE 2010 Annual Spring Congress

The Society of Automotive Engineers of Japan
(JSAE) held its 2010 Annual Spring Congress at the
Pacifico Yokohama Convention Center from
Wednesday-Friday, May 19-21, 2010. There were a
total of 4,339 registered attendees at this large
convention where 438 presentations were given in 95
different sessions. JATCO employees presented a
paper entitled "Next-generation small CVT aimed at
eco-friendliness."

19. Receives a Technology Award at the fiscal 2010
spring conference of the Japan Society for
Technology of Plasticity

The Japan Society for Technology of Plasticity
held its 2010 spring conference and awards ceremony
at the University of Electro-Communications
in Chofu City in Tokyo on Friday, May 28, 2010.
JATCO received a technology award for the
"development of an integrated parking gear-CVT
pulley produced by hot forging."

(Evaluation details)

Two aspects were highly evaluated regarding the
forming of parts with difficult shapes like an
integrated parking gear and CVT pulley. One was the
reduction of the environmental impact by adopting a
non-graphite die lubricant. The other was the
reduction of the number of forging trials by drawing
upon the abilities of highly skilled employees to
combine simulation results with experimental data.
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20. Release of juvenile sweetfish in the Tajuku River

With the help of the older children at the Imaizumi
Kindergarten, 400 juvenile sweetfish were released in
the Tajuku River that flows through the city of Fuji
on Friday, June 18, 2010. The funds for purchasing
these sweetfish juveniles came partly from the
proceeds of selling aluminum cans that JATCO
employees collected and brought from their homes
during the Environment Month of June. After
releasing the juvenile sweetfish, the kindergarten
teachers and JATCO employees performed a play on
the theme of "let's treasure the river" to emphasize the
importance of nature to the small children.

21. Ceremony held to celebrate JATCO Guangzhou's
cumulative CVT production milestone of 10,000 units

A ceremony was held at JATCO Guangzhou on
Wednesday, June 23, 2010 to celebrate the attainment
of cumulative CVT production of 10,000 units.
JATCO Guangzhou launched full-fledged production
of the JFOL11E in September 2009 and reached the
10,000 unit milestone in June 2010. Its CVTs are
fitted on the Teana (Chinese model name: Tian Lai)
and Sylphy (Chinese model name: Xuanyi) produced
by Dongfeng Nissan Passenger Vehicle Co.

1

22. Receives Shizuoka Governor's Medal of Honor
for activities related to the creation of a gender-equal
society in Shizuoka in fiscal 2010

Individuals, organizations and publicly committed
businesses that are working vigorously in Shizuoka
prefecture to promote equal social participation by
men and women as well as individual women and



gboooooooooooo

22. FRR22FEHERBELAHRE
EPICHTIMNERE

women's groups have been commended for the
challenges they have undertaken. Such recognition is
based on an ordinance to promote gender-free
participation in society in Shizuoka prefecture.
JATCO received the Shizuoka Governor's Medal of
Honor for promoting activities to create a gender-
equal society in Shizuoka in fiscal 2010. The
award was presented in the Governor's office at the
Shizuoka Prefectural Government Office on
Thursday, July 22, 2010. The reasons why JATCO
received this award are explained below.
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« Establishment of a diversity steering committee
with senior executives as members and the
promotion of activities that have numerical targets.

» Vigorous assignment of motivated employees
regardless of gender, based on a system of open
internal recruitment.

« Undertaking a questionnaire concerning diversity to
clarify the issues involved in promoting women's
active involvement and making efforts to resolve
such issues, including defining role models and
conducting a diversity forum.

Efforts to facilitate both work and family

 Revision of the employment system to allow days-
off for family support (12 days annually) to be
taken on a half-day basis and child-rearing leave to
be used until children reach the end of sixth grade
of elementary school (beginning from fiscal 2010).

« Extending the period of shorter working hours
allowed for child rearing from third grade to the
end of sixth grade of elementary school.

» Establishment of a labor-management committee
composed of labor union representatives and the
personnel department to study ways of supporting
both work and family, and the implementation of
studies and activities to create employee-friendly
systems and workplace environments.

» Granting of child-rearing leave to two male
employees in fiscal 2009 and acquisition of the
Kurumin Mark certification for efforts conducive to
the rearing of children as the next generation.

JATCO will continue its activities to make
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maximum use of diversity by welcoming diversity in
every area regardless of gender, nationality, age,
educational experience or other aspects.

23. Participation in Chigasaki "Nice Wave" beach
cleanup: Contributing to the Atsugi area community

JATCO employees and family members joined
local residents and members of volunteer
organizations on July 25, 2009 in collecting trash that
had washed ashore on the sandy beach or had been
discarded by people. After struggling with piles of
trash for approximately an hour amidst a sea breeze,
the sandy beach was completely clean. The children
also worked hard and everyone enjoyed a pleasant
summer day on the beach.

24. Participation in Kid Engineers 2010 for budding
future engineers

The Society of Automotive Engineers of Japan
sponsored Kid Engineers 2010 at Pacifico Yokohama
on Friday-Saturday, July 30-31, 2010. A total of 32
programs were planned and carried out, including 21
classroom-type activities, 11 exhibition activities and




gboooooooooooo

gboobooooboobooboooooz20bbogr2
goobobooooooobobonmooon
gobooobooooboob

200020000 00000000O000O000O00O0
og

25. EARXISGTIES ~ H D EMREHF R~

suel7dL 0o ooooboooooDbd
goobooboopoobooooobobooon
gooooboooboboooobooobooooboo
gooooogobboooboooobobooon
gooboobobbooboboobooobboooboo
gbbooboboboboooboobobboooo
oooooouoboobbooobobooboog
goobooboobooooboobboog

Before

26. EXIL—XBREHICSM

su22gooooobobmoooboon
goooboooooogooboogoooboooobobooo
gooboobooboobooobboogbssi
goooobooosogoooobooooboon
goboooooobbobbobooobogoobo
gobooon

ogooooboobooooboooboog
gooogbooooboobbooooooooon
goboogooo

11171

one other activity. This event attracted some 6,500
attendees. JATCO provided two instructors and
twelve coaches who undertook a classroom-type
program focused on the question: "What in the world
are planetary gears?" The program produced over 200
kid engineers during the two-day event.

25. Participation in early morning cleanup after
Atsugi Ayu Festival: Contributing to the Atsugi area
community

JATCO employees and family members took part
in an early morning cleanup of the fireworks display
site of the Atsugi Ayu Festival on August 6-7, 2010,
together with members of other volunteer
organizations. As one of the main events of the
Atsugi Ayu Festival, the fireworks display is one of
the biggest in Shizuoka prefecture and is increasing in
scale every year. However, the dry riverbed of the
Sagami River where the fireworks display is held is
littered with mountains of trash every year after the
festival, so volunteers gather to undertake a large-
scale cleanup operation.

26. Participation in a general cleanup of Mt. Fuji

A general cleanup of Mt. Fuji was carried out on
Sunday, August 22, 2010, organized by a group
dedicated to keeping Mt. Fuji beautiful forever.
Volunteers met at the starting point of the Fujinomiya
Trail for climbing the mountain. Fifty-five JATCO
employees, mainly from the Fujinomiya Plant, took
part in this activity. They cleaned the course that
begins at the fifth station on Mt. Fuji, skirts the
Hoeizan Crater and returns to the starting point again
via the hiking trail. Although the amount of trash has
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been decreasing every year thanks to the increased
awareness of climbers, JATCO employees still
collected lots of cigarette filters, plastic bags and
other items.

27. Recipient of JSAE Technology Contribution
Award for fiscal 2009

A ceremony was held on Monday August 23, 2010
to present the fiscal 2009 Technology Contribution
Awards at a joint meeting of the committees under the
Engineering and Professional Development Group of
the Society of Automotive Engineers of Japan
(JSAE). This award was newly established last year
and is given to persons who are recognized for having
made significant contributions in the activities of the
Group's various committees. It was established with
the aim of encouraging vigorous committee activities.
One JATCO employee was honored with this award.
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0 SUMMARY OF THE INVENTIONDO

An oil pump driving apparatus including a rotation
shaft in driving connection with a torque converter, a
drive sprocket 34 rotatable about the rotation shaft
and adapted to be connected with a driven sprocket
disposed on the oil pump via the chain, a torque
converter sleeve 23 disposed on a radial outside of the
rotation shaft so as to be rotatable together with the
torque converter, the torque converter sleeve 23 being
engaged with the drive sprocket 34.

Recessed portion 34b of sprocket 34 axially
extends to be open to at least an axial end face of
sprocket 34, sprocket drive projections 23b of torque
converter sleeve 23 is received in recessed portion
34b through the end opening. This arrangement can
avoid increase in axial length of torque converter
sleeve 23.

y b d | |
70 23b 43a 60 23a ‘)43b

Fig. 1
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0 SUMMARY OF THE INVENTIONU

This belt type continuously variable transmission
comprises a processing part B1 for deciding a target
gear change speed, a processing part B2 for
determining a pulley stroke speed magnification,
a processing part B3 for calculating a target
stroke speed of a pulley by multiplying the
target gear change speed by the pulley stroke speed
magnification, a processing part B4 for determining a
target pulley rotating speed of a primary pulley, a
processing part B5 for calculating a target stroke
changed portion of the pulley to the rotation of the
primary pulley, and a processing part B6 for
determining transient thrust correcting quantity of the
pulley corresponding to the target stroke changed
portion per target pulley one rotation, transient thrust
correcting quantity determined in up-shifting is added
to steady thrust.

TRANSITIONAL THRUST
DURING UPSHIFT

TROKE
PER
FoTATEN
TRANSITIONAL THRUST
(CORRECTION AMOUNT

62 DURING DOWNSHIFT

CALCULATE TARGET TARGET PULLEY ROTATION
PULLEY ROTATION SPEED OF PRIMARY PULLEY

Fig. 1
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