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The special feature of JATCO Technical Review
No. 9 focuses on the challenge of "creating new eco-
technologies for environmental performance."

According to data for 2004, the industrial sector
and the transport sector respectively accounted for
18% and 20% of the world's total carbon dioxide
(CO») emissions resulting from energy consumption.
Of the CO: emissions attributed to the transport
sector, motor vehicles (passenger vehicles, trucks,
buses, etc.) emitted 80%, which means they
accounted for 16% of the world's total CO- emissions.
(Source: International Energy Agency, World Energy
Outlook 2006) There are strong calls for improving
the fuel efficiency of vehicles precisely because their
contribution to CO:2 emissions is so large.
Accordingly, expanding the application of
technologies for improving fuel efficiency to a
greater number of vehicles worldwide would lead to a
more effective reduction of CO: emissions.

Continuously variable transmissions (CVTs), one of
the strong suits of JATCO's products and technologies,
are markedly effective in improving the fuel efficiency
of vehicles. In 2008, some 3.91 million CVTs were
manufactured worldwide, of which JATCO produced
1.67 million, or approximately 43%. (Source: CSM
Worldwide) The motivation for the broad deployment
of our CVT technologies is simply a desire to
contribute to improving vehicle fuel efficiency through
the quantitative expansion of CVT use.

No matter how excellent a vehicle's fuel efficiency
is, it will vary greatly depending on the driving style
of the person operating the vehicle. On the other
hand, the pleasure of having driving a vehicle respond
faithfully to one's wishes is an important attribute that
people want in vehicles. The challenge for CVT
technology is to be able to reconcile this desire for
driving pleasure with fuel-efficient vehicle operation.

The mechanism by which a CVT improves fuel
efficiency is through control of the engine so that it
always operates in the range of optimum fuel economy
in all sorts of driving situations. This is accomplished
by using the advantage of a CVT that it allows flexible
setting of the gear ratio. From the viewpoint of the
driver who is controlling the vehicle's speed by means
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of accelerator inputs, the transmission is merely like a
phantom stagehand that is making the vehicle go. By
taking advantage of that position, a CVT can discern
how the driver wants to accelerate or decelerate. If
gear ratio control for achieving optimum acceleration
or deceleration is combined with engine management
in the region of optimum fuel efficiency, a CVT can
satisfy the driver's wish for driving pleasure while
improving fuel efficiency at the same time.

As initiatives for reducing CO:2 emissions from
vehicles, efforts can be considered in the following
three areas: (1) improving fuel efficiency through
improvements to vehicles and powertrain systems
themselves (this is precisely the area of JATCO's
activities); (2) reducing CO: emissions by improving
the driving styles of drivers; (3) emission reductions
through improvements to the road environment
where vehicles are driven, including reducing the
frequency of traffic congestion and optimizing the
average driving speed, among other aspects. (Source:
Triple-layered Approach concept presented at the
2006 Nissan Advanced Technology Forum)

CVT control technology enables the transmission
to translate the driver's intentions into the optimum
engine operating range. That capability not only
improves fuel efficiency with respect to area (1)
above, it also facilitates real eco-driving while
simultaneously satisfying the driver's expectation for
acceleration or deceleration. In the future, if it
becomes possible to control a CVT according to road
and traffic information obtained through cooperative
operation of the roadside infrastructure and
in-vehicle navigation system, it may be possible to
utilize CVT technology in the third area as well.

As described here, further technological
development for reducing CO: emissions involves not
only the provision of JATCO's products and
technologies to the market, but also relations with
customers who drive CVT-equipped vehicles and the
question of how to link CVTs to driving environment
information. Thus, CVT technology entails various
possibilities and potential for further extension. In
thinking about the future, it is necessary to promote
efforts from a broader perspective of creating new
value amid cooperation with the surrounding
environment, rather than just refining and enhancing
individual technologies.

At JATCO, our efforts to reduce CO2 emissions do
not stop with just the development and provision of
hardware in the form of automatic transmissions and
CVTs. We are proceeding with a full spectrum of
activities that take into account the relationship with
drivers as the end users of our products and with
society as a whole.
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1. Present state of global warming

The present state of global warming is described in
detail in the Fourth Assessment Report issued by the
Intergovernmental Panel on Climate Change (IPCC),
based on a comprehensive review of the research
results reported by scientists around the world.®
Some of the findings summarized in the report
include: the average atmospheric temperature has
risen 0.74°C in the last 100 years; the average sea
level has risen approximately 17 cm; the area of the
Arctic Ocean ice cap has shrunk drastically; the
amount of rainfall has increased in many regions
while an increasing number of areas suffer from the
effects of drought; continental ecosystems are
beginning to be affected. The report also notes that
the results of computer simulations suggest that most
of the rise in the global average temperature observed
since the middle of the 20th century can very likely
be attributed to the increased concentration of
greenhouse gases released by human activity.

2. Greenhouse gases

There are various types of greenhouse gases that
cause global warming. Carbon dioxide accounts for
60% of the greenhouse effect, methane for 20% and
dinitrogen oxide and halocarbons (Freon and other
chlorofluorocarbons) for the remaining 20%. Why is it
that greenhouse gases cause global warming? The
temperature of the atmosphere is determined by the
balance between the energy that reaches the earth from
the sun and the energy that the earth releases into
space. Most of the solar energy that reaches the earth is
contained in visible light in a wavelength range of 0.4-
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Director, Space Utilization Mission Directorate, Japan Aerospace Exploration Agency
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0.8 wm. Since the atmosphere is virtually transparent
to visible light, solar energy warms the earth directly,
causing the atmospheric temperature to rise. In
contrast, the greater part of the energy released into
space from the warmed earth's surface and from the
atmosphere is infrared radiation with a maximum
intensity near a wavelength of 10 pm. Since the
atmosphere is virtually transparent to infrared
radiation at this wavelength, energy is released into
space and the atmospheric temperature is determined
at the point where the two types of energy are balanced.

However, this balance changes when greenhouse
gases are present. By their nature, greenhouse gases
are transparent to visible light and do not absorb any
energy, whereas they are opaque to and absorb
infrared radiation. Accordingly, greenhouse gases
absorb energy released into space from the earth and
that is why the atmospheric temperature rises. This is
known as the greenhouse effect. It is estimated that if
there were no greenhouse gases present at all, the
atmospheric temperature would fall from the current
global average of 14°C to -19°C, a drop of as much as
33°C, and our entire planet would freeze. The presence
of greenhouse gases is essential for the existence of
living things on the earth, but it is necessary to control
their concentrations within certain limits.

3. Carbon cycle

Carbon dioxide in the atmosphere is taken into the
leaves, stems and roots of plants in the process of
photosynthesis and is released into the atmosphere
from plants through respiration, decomposition,
combustion and other processes. There are also
exchanges of carbon dioxide between the atmosphere
and the oceans. It has been observed that carbon
dioxide is released into the atmosphere from the
oceans, such as in the waters off Peru where there is
an upward ocean current from the depths of the
ocean, and that carbon dioxide is absorbed from the
atmosphere by the oceans, which occurs, for example,
in the waters off Hawaii. There are mutual exchanges
of carbon dioxide between the earth's atmosphere,
plants, oceans and other carbon reservoirs, which
take place directly or in the form of carbon
compounds. This circulation of carbon is referred to
as the carbon cycle.
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The amount of carbon contained in carbon dioxide
in the earth's atmosphere is estimated at some 760
billion tons, that in plants and soil at some 2 trillion
tons and that in the oceans at 38 trillion tons. While
these are massive amounts, the quantity of carbon
exchanged between the atmosphere and plants is
nearly balanced, as is the amount exchanged between
the atmosphere and the oceans. On the other hand,
the amount of carbon dioxide released into the
atmosphere by human activity, such as by burning
gasoline to propel auto mobiles or by burning
petroleum or coal to generate electricity, is small at
6.4 billion tons. However, this amount alone is
unbalanced and becomes a cause of global warming.
In an extreme argument, the prevention of global
warming would require the reduction of carbon
dioxide emissions to zero. Even if it is not possible to
go that far, it is necessary to keep global warming to
a minimum by substantially reducing atmospheric
emissions of carbon dioxide through the adoption of
energy-saving measures.

4. Present state of terrestrial observation of
greenhouse gases

In order to predict global warming accurately, it is
necessary to know the exact concentrations of
greenhouse gases in the atmosphere. Terrestrial
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monitoring station operated by the National Institute
for Environmental Studies. Atmospheric samples
collected at the top of the 36.5-meter-high tower are
sent to an observation room for analysis and
greenhouse gas concentrations are measured with
measuring instruments. Normally, monitoring is done
automatically without any human intervention,
though the equipment is regularly maintained about
once a month.

Similar observation stations are being operated by
meteorological agencies and research institutes in
many countries around the world. Fig. 2 shows the
locations of the fixed stations of the World Data
Center for Greenhouse Gases (WDCGG) under the
World Meteorological Organization. As of October
2009, there are 303 observation stations in 61
countries throughout the world. The measurement
data these stations collect are sent to the WDCGG
and are made public at the latter's website.? The
WDCGG is operated by the Japan Meteorological
Agency. Global greenhouse gas data are first
collected in Japan and then distributed from Japan
throughout the world. In a sense, Japan is a “Mecca”
for greenhouse gas observation data. As is clear from
Fig. 2, the distribution of observation stations is not
uniform, as there are relatively many observation
stations in Europe, Japan and the United States, but
very few in Africa, Siberia, Australia, South America
and at oceanic locations. Many regions remain
unobserved.

Researchers make predictions of global warming
based on simulations conducted by running global
climate models on supercomputers. The results
obtained are then compared with the observation
data in order to validate and fine-tune their global
climate models. Since the specific environmental
characteristics of the regions without observation
stations cannot be incorporated into the models, it is
impossible to improve prediction accuracy.
Consequently, that has made systematic monitoring
all the more important. Greenhouse gas monitoring
from space was proposed as a way of dealing with
this situation.

5. Ibuki project

Ibuki is the world's first and only satellite
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dedicated to monitoring greenhouse gases.>® It was
launched in January 2009 in a joint project being
promoted by the Japan Aerospace Exploration
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thermal infrared radiation at specific wavelengths
depending on the gas species.

Greenhouse gases absorb near-infrared radiation and J

Thermal infrared radiation is radiated from the earth's surface
and the atmosphere.
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Fig. 5 Observation principle of Ibuki's greenhouse gas sensor
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Agency (JAXA), the Ministry of the Environment
(MOE) and the National Institute for Environmental
Studies (NIES). Ibuki measures from space the
concentrations and distributions of carbon dioxide
that accounts for 60% of the greenhouse effect and
methane that accounts for 20%. JAXA has mainly
been responsible for the development of the sensors,
satellite and launch vehicle, the launching and
operation of Ibuki and the primary data processing.
NIES is responsible for the higher order processing
and validation of the observation data and MOE for
the governmental use of the resultant data.

Ibuki obits the Earth once every 100 minutes at an
altitude of 666 km, flying at a speed of 7.4 km/s or
about 26,600 km/h. It observes the entire globe in
three days and then repeats its observation of the
same locations again. Fig. 3 shows the 56,000
observation points observed by Ibuki. It observes
approximately 200 times more locations than the
current number of terrestrial observation stations and
overcomes unobserved regions.

The appearance of Ibuki and its onboard sensors
are shown in Fig. 4. The main body of the satellite
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Fig. 6 Ibuki undergoing a vibration test at the
JAXA Tsukuba Space Center
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has a box shape measuring 1.8 m x 2.0 m x 3.7 m.
The wing span of the solar array panels, capable of
generating 3.8 kW of electricity, measures 13.7 m,
and the satellite's overall mass is 1,750 kg. Ibuki has a
design life of five years.

The observation principle of the greenhouse gas
sensor aboard Ibuki is outlined in Fig. 5. The sensor
can accurately monitor near-infrared radiation
(wavelength range of 1.6-2.0 um) that is radiated
from the sun and reflected from the surface of the
earth and thermal infrared radiation (wavelength of
15 wm) radiated directly from the atmosphere and the
earth's surface. Greenhouse gases absorb infrared
radiation at specific wavelengths depending on the
gas species, and the quantity absorbed is proportional
to the gas concentration. Additionally, there are
numerous absorption lines, so by using observation
data on many absorption lines, it is possible to obtain
highly accurate observations.

The average atmospheric concentration of carbon
dioxide is 380 ppm (parts per million, or 0.038%),
which is an extremely small amount. However, Ibuki's
greenhouse gas sensor can accurately measure a 1%
(i.e.,4 ppm or 0.0004%) change in this concentration.

6. Satellite development

Satellites must endure the vibration, acoustic
effects and shock that occur during the launch. For
that reason, the validity of the satellite structural
design is verified by conducting vibration tests,
acoustic tests and shock tests in an environment that
is about 1.5 times harsher than the actual conditions.
Fig. 6 shows the setup of a vibration test conducted
on Ibuki at the Tsukuba Space Center. Satellites are
also subjected to extreme temperature differences as
great as 200°C in space, as surfaces exposed to direct
sunlight reach temperatures higher than 100°C, while
the temperature of surfaces not exposed to sunlight
may be as low as -100°C. The sensors used on board
satellites have high sensitivity and are very sensitive
to temperature changes, so their temperature must be
controlled within a narrow range of 23°C +£3°C. That
makes the thermal design of a satellite vitally
important.

The validity of the thermal design is verified by
conducting a thermal vacuum test on an entire
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January 23, 2009 (J5T)

Fig. 7 Launching of Ibuki at the Tanegashima
Space Center on January 23, 2009
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satellite in a space chamber that simulates the ultra-
high vacuum and intense solar radiation of space.
The reliability design of satellites is also a critical
design issue. Because satellites cannot be repaired
after they have been launched, they are built of
highly reliable components engineered for space use
and whose low failure rates, radiation resistance and
other characteristics have been thoroughly
confirmed. Satellites are also designed with complete
redundancy of all electronic components and wiring,
so that if a failure should occur somewhere in one
system, a switch can be made to the redundant
system immediately to ensure continued operation.

The service life of Ibuki equipment that might be
problematic was confirmed by conducting life tests
equivalent to more than ten years of use. Various
technical issues were encountered during the
development of Ibuki and enormous efforts were
needed to resolve them. Nonetheless, five years and
nine months after the formation of the project team,
Ibuki was launched on January 23, 2009 from the
Tanegashima Space Center using H-IIA launch
vehicle No. 15. Fig. 7 is a photograph showing the
launching of Ibuki. The development period for Ibuki
was substantially shortened compared with that of
previous satellites such as the “Daichi” Advanced
Land Observing Satellite, which took eleven years
and nine months to complete following the formation
of the project team.

7. Initial results obtained with Ibuki

Ibuki's onboard equipment was thoroughly
checked out during the first three months after the
launch on January 23, and all functions were
confirmed to be operating normally. Fig. 8 is a
photograph taken with an onboard camera showing
the deployed state of one of the solar array panels.
Initial calibration of the sensors and validation of the
data were performed from the end of April to the end
of July by making comparisons with the infrared
radiation intensities and carbon dioxide
concentrations measured at earth-based stations.
Sensor sensitivity and other adjustments were made
on that basis. Observation data have been distributed
to NIES and other publicly recruited researchers
worldwide for evaluation since the end of April.
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Fig. 9 shows typical results of an initial analysis of
the data obtained with Ibuki. The absorption lines for
carbon dioxide and methane were observed as were
predicted previously. Fig. 10 shows the carbon
dioxide concentrations that were calculated at NIES
using the data for short wave infrared radiation.
These calculated results still contain error because
the sensor data have not yet been sufficiently
validated. The white portions indicate regions judged
to be clouds or regions having large error. It is
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Fig. 10 Carbon dioxide (Column averaged dry air mole fraction)
Analysis with IBUKI (uncalibrated data for Aug. 1-31, 2009)
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expected that accuracy will be improved as the
validation work proceeds and that observation data
for the entire globe will be obtained in the near
future.

8. Uses of Ibuki data

Ibuki data will begin to be provided to researchers
both in Japan and overseas from around the end of
February 2010. Many researchers have expressed a
desire to use the data, which will be provided free of
charge for scientific purposes as part of Japan's
contributions to the international community. Ibuki
data will serve as the world's first, only, and common
scale for measuring greenhouse gases in the
atmosphere. It is presumed that effective uses of the
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data will improve the accuracy of global warming
predictions and will be helpful in proposing counter-
measures against global warming. The research
results obtained by researchers worldwide who make
use of Ibuki data should contribute significantly to
the IPCC's Fifth Assessment Report. Moreover, since
Ibuki is capable of detecting methane, the satellite's
potential contribution to the early detection and
repair of leaks in natural gas pipelines worldwide is
now being examined. If that proves possible, Ibuki
will contribute not only to the observation of
greenhouse gases but also to the reduction of their
emissions.

In addition to this effective utilization of the data,
what we are expecting the most from the use of Ibuki
data is to be able to visualize atmospheric
concentrations of carbon dioxide. Video clips could
be created, for example, with high concentrations
indicated in red and low concentrations in blue,
making it possible to show how cities, forests and
oceans emit and absorb carbon dioxide emissions to
and from the atmosphere. That would enable
everyone to see and feel the earth's breathing (i.e., the
meaning of "ibuki"). It would be possible to indicate
changes in carbon dioxide concentrations every three
days, monthly, seasonally and yearly. The videos
would show the areas around countries that are large
emitters of carbon dioxide becoming redder and the
areas around countries striving to reduce emissions
becoming bluer. It is imagined that anyone seeing the
videos would naturally understand that reducing
carbon dioxide emissions is a shared task for all of
humankind. We feel thrilled and excited as we work
to promote uses of Ibuki data, as we want to see the
earth's breathing as soon as possible and also to show
it to everyone else as quickly as we can.

Improving the efficiency of automotive
transmissions will reduce atmospheric emissions of
carbon dioxide. It is hoped that the day will soon
come when such reductions can be observed by Ibuki
and its successor satellites.
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Summary Automatic transmissions can play a key
roll in improving the real-world fuel efficiency of
vehicles because the combination of engine torque
and engine speed is determined by the transmission.
This article describes newly developed control
technologies, based on analyses of fuel-efficient
driving operations, for cooperatively managing the
engine and AT so as to automatically support eco-
driving. Tests were conducted with multiple drivers to
validate the effect of these technologies on improving
real-world fuel efficiency. Results obtained with a
compact car indicated that they increased real-world
fuel efficiency by approximately 10%.
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1. Introduction

The task of addressing global environmental
concerns and energy resource issues, symbolized by
the sharp rise in oil prices, requires an urgent
reduction of carbon dioxide (CO2) emissions from
vehicles. One effective approach to reducing CO:
emissions from vehicles is to develop and popularize
electrically powered vehicles such as hybrid vehicles
and electric vehicles. An equally important approach
is to further improve conventional powertrain
vehicles that will continue to represent the vast
majority of vehicles on the road in global markets in
the foreseeable future.

This article outlines several newly developed
control technologies for improving the real-world fuel
efficiency of vehicles fitted with conventional
powertrains.

2. Triple-layered Approach

Technologies for improving real-world fuel

* HEE A HAR L 27— P LA SV BZEASHS (i)

Powertrain Engineering Division, Nissan Motor Co., Ltd.
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efficiency are being developed under a Triple-
Layered Approach as outlined in Fig. 1.

— 20% Output energy
x 6% Mechanical loss
7% Pumping loss
49% Cooling loss 18% Exhaust gas energy

Gasoline

Fig. 2 Energy balance of a typical gasoline vehicle

2.1. Vehicle

An example of the powertrain energy balance of a
typical gasoline engine vehicle is shown in Fig. 2.
Much of the energy contained in gasoline is lost in
the form of cooling loss, exhaust gas energy,
pumping loss and mechanical friction loss. These
losses can be reduced by reducing friction and by
optimizing the engine operating conditions through a
suitable combination of engine torque and engine
speed for producing the desired driving force.

An automatic transmission (AT) determines the
engine speed according to the amount of accelerator
pedal depression and the vehicle speed. Accordingly,
it is the AT that determines the combination of
engine torque and engine speed for producing the
driving force demanded by the driver. This means
that ATs can play a major role in improving real-
world fuel efficiency.

2.2. Driver

It is commonly known that fuel efficiency varies
greatly depending on the driving style. As a service for
educating drivers about eco-driving, Nissan Motor Co.,
Ltd. provides eco-driving tips through the in-vehicle
navigation system. The effect of this eco-driving
advice on improving fuel efficiency is shown in Fig.
3.0 It is seen that eco-driving greatly improves gas
mileage. These results indicate that the development
of technologies for automatically supporting eco-
driving could be very effective in improving real-
world fuel efficiency. Such technologies would be
designed to control the engine and the AT so as to
reproduce fuel-efficient driving operations.
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Fig. 4 An example of the relation between gas mileage
and average vehicle speed of a trip

2.3. Traffic

According to the Road Bureau of the Ministry of
Land, Infrastructure, Transport and Tourism, it is
estimated that traffic congestion causes economic
losses of around 10 trillion yen annually throughout
Japan. Smooth traffic flows are an important factor
in improving real-world fuel efficiency. The data in
Fig. 4% show that fuel efficiency is markedly
improved by maintaining a suitable average driving
speed. It is important to develop systems that use IT
and ITS technologies effectively to achieve smooth
traffic flows.

3. Examples of Control Technologies for Improving
Real-world Fuel Efficiency

This section describes control technologies for
improving real-world fuel efficiency that pertain to
the driver in the Triple-layered Approach. Figure 5@
presents the results of driving tests conducted with a
plurality of drivers to validate the real-world fuel
efficiency obtained with the technologies described
below. These technologies were incorporated in an
experimental compact car fitted with a 1.5-liter
gasoline engine and a CVT. Many of the drivers
achieved excellent real-world fuel efficiency in the
tests. It is estimated from the results that an
improvement in real-world fuel efficiency of
approximately 10% could be expected on average.

3.1. Smooth take-off assist
Fuel efficiency can be improved so long as drivers
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do not accelerate unnecessarily fast when taking off,
thereby causing an engine speed overshoot. A control
system has been developed for cooperatively
managing the engine's electronically controlled
throttle and the CVT gear ratio to improve real-world
fuel economy (Fig. 6). This control system
automatically achieves a smooth vehicle launch while
securing necessary and sufficient take-off
acceleration matching the driver's accelerator input.
Moreover, it also works to restrain unnecessarily high
engine speeds during driving.

3.2. Gear ratio control using map information

Fuel-efficient drivers use engine braking skillfully
to control their driving speed when traveling
downhill, approaching a curve or coming to a
tollgate, among other situations. This driving style is
good for improving fuel efficiency because it extends
the duration of fuel cut-off to the engine. A system
has been developed for controlling the CVT gear
ratio using map information obtained through the
navigation system, thereby achieving suitable engine
braking automatically (Fig. 7).

Optimum control of
_._engine braking

Receive curve information
from navigation system

= @@
® 6 6

Cruising
== —

Vehicle Speed

. Fuel Cut-off
Engine Area
Speed

Previous

Fuel \“ Cut-off \\ \\
Fuel Cut-off
Engine Area
w00 06
New \\ \\ \\

Fuel Cut-off Cut-off

Fig. 7 CVT control with use of the information
from a navigation system
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4. Conclusion

(1) Further improving the fuel efficiency of

conventional powertrain vehicles is also an
important approach to reducing CO: emissions
from vehicles, in addition to developing and
popularizing electrically powered vehicles.

(2) Besides developing technologies for improving

powertrain efficiency, it is also important to
develop control techniques for optimally
combining the engine torque and engine speed so
as enhance the fuel efficiency of conventional
powertrains. Automatic transmissions can play a
key role in improving real-world fuel efficiency.

(3) A system for cooperatively controlling the engine

and AT has been developed as a technology for
automatically supporting eco-driving. In tests
conducted with a compact car, real-world fuel
efficiency was improved by approximately 10%.
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Summary The issue of global warming,
representing a worldwide environmental change, has
made environmental measures more important than
ever before in recent years. In line with our previous
programs, JATCO is proceeding with vigorous
efforts to address environmental concerns in all of
our corporate activities based on a future-oriented
environmental management system. This article
outlines these efforts and describes the prospects for
the future.
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1. Introduction

JATCO's corporate philosophy defines the
company's mission as "to provide value to our
customers, to automotive culture and to society."
Through our corporate activities we aim to contribute
to the formation of a sustainable society.

To date, JATCO has contributed significantly to
the development of the motorized society through the
provision of our stepped AT and CVT products.
However, the impact of vehicle use on the
environment is definitely not insignificant. In all of
our corporate activities, we consider the resultant
environmental impact and bear the responsibility for
reducing it.

The challenge of reconciling future global
economic development with environmental
protection is a common theme for all of humankind.
At JATCO, we are continuing our vigorous efforts to
meet this challenge.

2. JATCO's Environmental Measures
The ATs that JATCO provides have greatly helped

to advance the motorized society in their role as a
core vehicle component that ranks alongside the
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engine. The role of ATs has become even greater in
recent years in connection with the building of a
sustainable society accompanying heightened
environmental awareness. It is essential for us to
continue to develop and provide transmissions
capable of contributing to global environmental
protection by improving vehicle fuel economy. As a
result of enhancing fuel economy, CO: emissions
from vehicles will be reduced, which will contribute
significantly to curbing global warming. In this
regard, CVTs have attracted much attention for their
excellent fuel efficiency. JATCO has been an industry
leader in the CVT field as a top supplier of CVTs.

JATCO supplies the only steel-belt CVT capable of
being used on 3.5-liter class vehicles, as well as a
recently developed CVT that features an auxiliary
transmission and boasts the world's highest gear ratio
(7.3:1). We are continuing the challenge of developing
world-first technologies.

JATCO is the world's only CVT manufacturer that
offers a full lineup of CVTs covering the entire
spectrum of vehicle models from minicars to large-
size vehicles. We continue to rank as the industry's
top CVT manufacturer, accounting for a 40% share
of the global CVT production volume.

We are steadily moving ahead with the
development of technologies that can contribute to
providing both improved fuel economy and driving
pleasure in order to further strengthen our position in
this specialized field in the future. This includes
R&D efforts for enhancing performance, optimizing
cooperative engine-transmission control, downsizing
and lightening CVTs and developing transmissions
specifically for hybrid vehicles, among other
activities.

Our environmental measures are intended to
minimize the environmental impact throughout the
entire product life cycle. That makes it important to
grasp accurately the degree of impact occurring in
each cycle and process and to undertake efforts from
the standpoint of achieving overall optimization.

In the area of manufacturing, we launched CVT
production at JATCO Mexico, S.A. de CV. in 2006
and also at JATCO (Guangzhou) Automatic
Transmission Ltd., our local production center in
China, in 2009. JATCO has been building a CVT
supply system to meet the global demand for CVTs in
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order to contribute to the creation of a motorized
society friendly to the environment. We are
consistently promoting these vigorous activities in
line with our principle of "providing eco-friendly
products from eco-friendly plants."

Various efforts are under way to protect the
environment in our business operations, including
green purchasing, a modal shift in logistics and the
implementation of methods for saving resources and
energy. As our business continues to expand globally,
we will strive to promote these same efforts through
close teamwork with our overseas operations.

3.JATCO's Environmental Management System

JATCO's internal structure for promoting our
environmental management system (EMS) is
outlined in Fig. 1. Twelve managers are responsible
for environmental management and twelve
administrators are in charge of the working-level
administration of the EMS program. EMS activities
are promoted under the clearly defined
responsibilities and authority of these employees
charged with environmental management. There is
also an environmental administration committee that
comprehensively deliberates and evaluates the
company-wide promotion of the EMS program and
follow-up activities. The committee consists of one
overall administrator of environmental management,
the corporate officers overseeing the production
division and the general administration department,
and the managers responsible for environmental
management. This provides a framework for
operating a common EMS in all corporate functions,
including multiple manufacturing departments and
research and development areas. A major feature of
our EMS is that we can set a unified vector for our
environmental activities as a company and promote
them vigorously.

An environmental committee has been established
in each area where JATCO has facilities and each
committee undertakes environmental activities
matching its own area. Figure 2 illustrates the
interaction between two PDCA (plan, do, check, act)
cycles. One is a sub-EMS spiral of activities in each
area, and the other is a main EMS spiral of overall
activities. This enables us to unify the direction of
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each activity and make continuous improvements so
as to achieve more efficient and effective activities.

By carrying out this type of integrated
environmental management, we aim to create and
provide environmental value to our stakeholders.
These environmental activities are regarded as the
role that we should discharge in working toward the
formation of a sustainable society.

In fiscal 2008, an environmental planning
committee was newly formed as an organization for
examining the company's medium- to long-term
environmental strategy. The structure for promoting
the EMS program undertakes short-term
environmental management at each site or in each
function. In contrast, the aim of the environmental
planning committee is to plan and promote the
medium- to long-term environmental strategy that
JATCO should pursue, taking into account
significant changes in social conditions, higher-level
policies and other factors (Fig. 3).

A sub-committee has been formed in each of the
company's eight functions, including product
development, manufacturing and purchasing. This
structure for executing overall management ensures
mutual collaboration between each function, whereas
previously there was a tendency for each one to
promote activities independently. It is now possible to
undertake environmental planning and management
from the perspective of overall optimization for the
entire company.

It is especially noteworthy that the environmental
planning committee has strengthened our efforts in
the three areas that we regard as our top
environmental priorities, namely, the prevention of
global warming, environmental protection and
effective utilization of resources.

Vigorous support is also provided for the planning
and management of environmental activities at
JATCO's overseas operations.

This environmental management system enables us
to mount concerted efforts to address environmental
issues throughout JATCO's global organization. All
the value that we create through our products and
corporate activities is provided to our customers,
automotive culture and society.
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4. Conclusion

This article has described the objectives and
approaches we are pursuing in our environmental
activities at JATCO. We will continue to further
advance our technologies friendly to the global
environment in the future and strive to provide value
to our various stakeholders through JATCO's fine
monozukuri operations. In this way, we are
committed to the challenge of building a society
where vehicle use is in harmony with the
environment.
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Summary Automatic transmission technology has
played a key role in improving vehicle environmental
performance, especially in recent years. This article
outlines the direction of our efforts aimed at
achieving ultimate transmissions for improving
environmental performance and some ideas toward
the next step in this process.
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1. Roadmap to Ultimate Transmissions

Automatic transmissions have made dramatic
progress in recent years by reason of the addition of
more steps or the attainment of continuously variable
gear ratios. They now play a crucial role in
improving the environmental performance of
vehicles. However, automatic transmission
technology is still evolving and, will continue to be a
key element in meeting environmental performance
requirements like power source systems, in the years
ahead.

The function of an automotive transmission is to
efficiently convert the kinetic energy produced by the
engine, motor or other power source to the required
rotational speed and torque and transmit it to the
drive axle. The relative performance of a
transmission can be broadly represented by two axes.
(M One axis is for efficiency in terms of how
efficiently it transfers motive power. The other axis is
for flexibility in terms of how flexibly it can change
the rotational speed and torque, i.e., shift-change.
Low transmission flexibility makes it difficult to
operate the engine at optimum efficiency, which
worsens the vehicle's fuel economy.

Adding more steps increases the flexibility of a
transmission, but it also results in a more complicated
mechanism because of the larger number of elements

AT R s =
Advanced Technology Development Department
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used. Therefore, unless some innovative measure is
taken, efficiency will decline. As this example makes
clear, the two axes of transmission performance
generally involve a trade-off.

It is essential to refine both axes in order to achieve
higher performance. The degree of importance of
each axis, though, differs depending on the mating
vehicle and the driving patterns found in the targeted
market. Generally speaking, flexibility tends to be
relatively more important for compact car use under
driving conditions that involve frequent acceleration/
deceleration at low speed, which is the case in Japan.
On the other hand, efficiency tends to be relatively
more important in vehicle applications involving
cruising at medium to high speeds with ample power
in reserve.

While there are many types of automatic
transmissions in use around the world, there has yet
to be one that is overwhelmingly superior to others in
terms of both flexibility and efficiency. The
continuously variable transmission (CVT) is a system
that pursues ultimate flexibility. In contrast, the dual
clutch transmission (DCT) and the automated manual
transmission are built with technologies that give
priority to improved efficiency. If high levels could
be achieved for both axes simultaneously, it would
result in the ultimate transmission capable of
discharging both required functions perfectly.

Our roadmap for technological development has
been aiming at achieving ultimate transmissions by
enhancing the efficiency of CVTs to the utmost level.
CVT technology has a much shorter history
compared with planetary-type automatic
transmissions and manual transmissions. CVTs have
the potential for a marked improvement in efficiency
through further technological development. While
automated manual transmissions have excellent
efficiency, improvement of their flexibility is
invariably limited. Considering these characteristics,
we see our CVT technology as being the shortest
technical path to ultimate transmissions.

2. The Ultimateness is not the Final Goal
Achieving ultimate transmissions that can

contribute to the further improvement of
environmental performance is our major target. If the
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ultimate transmission is achieved in terms of
efficiency and flexibility, does that mean the
completion of our technological development efforts?
The obvious answer to this question is No, because
the evolution of technology never ends.

In line with the S-curve of technological evolution
in Fig. 2, ultimateness can be regarded as the
physical limit of a certain technology. This means
that if the ultimate limit is visible, then one must
think about the next step, otherwise no further
improvement in performance can be expected. The
question is how to discover what the next step is.

The targets and direction of technological
development programs aimed at achieving the
ultimate level of something have often been
determined on the basis of surveys of other
companies, benchmarking and various types of
analyses. However, that approach entails the
possibility of suddenly becoming invalid. The reason
is that the technology of the next step often has a
lower level of performance initially than the height of
the performance attained in the previous step (Fig. 3).
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Fig. 3 Ultimatenessand the next step
However, it does not mean that something new will
appear from somewhere that is totally unrelated. In
many cases, it is considered that "technological
innovation does not occur from zero; it is achieved
only because technologies have been accumulated up
to that point."® In short, in any effort to develop the
ultimate technology, it is necessary to examine a
certain candidate closely from a new perspective that
considers the possibility that it might lead to the next



Technological Development aimed at Ultimate Transmissions

FEMD ISR &\ HEEZ 3BT 50, BUED “4
WA LVIOBEAITHESbILA 2 L, Hitgs
WLTC, Tl ESE AR5, ROAT » TOH7:-
BITREMEZ IR R L C W&z,

ZLC HHbZDHS, BEIDE Go7HAR1C
P E SN DHEATTEHE LB TAH Z L 235, Fex Dffidy
ERBiE LTV 5.

3. BE K

1) Ryozo Hiraku, Strategic development target for
transmissions, 7th International CTI-Symposium
Innovative Automotive Transmissions, (2008).

2) Clayton M.Christensen, FZ i FRi A/ X—2 =
¥ ?D Y L < The Innovator's Dilemma, p.72,
kit (2001)

3) RIS (B E (MOT) D/XF 51 LY T h,
lF 28 $407 51 8 5 X 58 Vol.12 1,2, p.8-25,
(1997)

4) B — B e T b T ],
HARESE (2008)

B Authors

step, even though its efficiency may be somewhat
poor at present.

As the first step, it is necessary to discern a new
function and the criteria for evaluating it. For
example, some type of energy recovery function may
be needed for a transmission. The affinity with the
motor, taking into account hybridization, may be a
critical element here, or there may be still other
possibilities that should be examined as well.

In the course of aiming to achieve ultimate
transmissions, it is essential not to be bound by
existing concepts of automotive transmissions.
Rather, it is desirable to add new perspectives to
technological development activities and propose
various new possibilities for the next step.

It is our recognized mission to continue
contributing the technologies required by society
tomorrow as well as in the future, including the
necessary environmental performance.
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(4) Koichi Mabuchi, How is Technological Innovation
Achieved?, Nichigai Sensho, Tokyo, 2008 (in
Japanese).
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Summary The environmental performance of
vehicles is currently the focus of new expectations
and attention. In this context, the automotive
transmission has a larger role to play than ever before
as a core vehicle component, contributing not only to
acceleration performance, comfort and safety but also
to fuel economy. By developing and providing
transmissions with excellent environmental
performance, JATCO aims to contribute to the
formation of a society where vehicle use is in
harmony with the environment.

Our philosophy regarding the promotion of a
motorized society friendly to the environment is that
"eco-friendly products come from eco-friendly
plants." This article outlines our efforts to address
environmental issues in JATCO's monozukuri (i.e.,
manufacturing) operations in line with this principle
and the prospects for the future.
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1. Introduction

At JATCO, our stated mission is "to provide value
to our customers, to automotive culture and to
society." Through our corporate activities, we aim to
contribute to the creation of a sustainable society.

The automatic transmissions (ATs & CVTs) that we
provide as our products have helped substantially to
advance the motorized society in their role as a core
vehicle part, ranking alongside the engine. However,
the environmental impact of vehicle use is by no
means inconsequential. In all of our corporate
activities, we consider the resultant effects on the
environment and assume the responsibility for
lessening their impact. Reconciling global economic
development with environmental protection will
continue to be a shared task for humankind in the
years ahead. At JATCO, we are continuing the
challenge of addressing this difficult issue.
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Fig. 1 Conceptual overview of JEPS activities
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2. Concept of Monozukuri

JATCO aims to have the world's finest monozukuri
operations in terms of providing high quality, low
cost and short delivery times. Our Jatco Excellent
Production System (JEPS) is a completely waste-free
monozukuri system in which every process from
casting and forging to machining, assembly and
shipment proceeds at the same speed and in the same
sequence just like one integrated line. This enables
production and transport operations to be carried out
in a timely manner.

B Objectives of JEPS
The objectives of JEPS are characterized by two
endless pursuits throughout the entire supplier
chain.
1) Endless synchronization with the customer
This includes synchronization of quality that
emphasizes the value sought by the customer,
synchronization of cost through thoroughgoing
elimination of waste, and synchronization of the
time of product delivery to the customer.
2) Endless efforts to uncover issues and implement
reforms
This involves recognizing the gap between the
desired monozukuri condition and the present
situation, visualizing unsatisfactory aspects not
conducive to representation in charts, and
vigorously undertaking improvements.
The efforts made in these pursuits enhance the
effectiveness and efficiency of our manufacturing
operations and support processes. Simultaneously,
they are also aimed at preventing the depletion of
resources and the reduction of CO: emissions.

3. Activities to Save Energy and Resources in
Monozukuri Workplaces

1) Energy-saving activities based on full employee
involvement
Each manufacturing department is proceeding
with various activities to save energy in order to
reduce CO: emissions. Specifically, energy-saving
activities are promoted in a series of six steps, as
outlined in Fig. 2.
The first step is to ascertain accurately the energy
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Ascertaining from the energy flow of the facilities the amount of energy
effectively used to produce the final product

(1) Ascertaining the

(2) Improving fa

Implementing measures to improve the facilities so as to reduce
ineffective energy consumption

Manufacturing with minimal energy input by reducing ineffective
energy consumption

(3) Manufacturing with
minimal energy input

(4) Process design

Designing processes that eliminate ineffective energy consumption

(5) Developing new

Developing new methods that reduce both ineffective and effective
methods

energy consumption

Designing and developing new products that do not require the use of
energy during production

(6) Designing and
developing new products

<< Areas for which priority activities are needed in the future >>

Fig. 2 Steps involved in energy-saving activities
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2)

(1,000 tons of CO2)

CO2 emissions

balance of the facilities and to manage the amount
used effectively to produce the final product. The
second step is to make improvements to
thoroughly eliminate any portion used
ineffectively. The third step is to manufacture
with minimal energy input, which is the activity
that yields the greatest benefits.

Previously, it was thought that activities involving
quality measures, productivity improvements and
the production system were separate from energy-
saving efforts. Carrying out these activities in
tandem with efforts to save energy can result in
optimum energy conservation in monozukuri
operations, as shown in Fig. 3.

In other words, it is essential to shift from
conventional energy-saving activities centered on
ways of using energy sparingly to the promotion
of thoroughgoing optimization of monozukuri
operations. Exhaustive efforts to improve the
effectiveness and efficiency of our monozukuri
operations through these JEPS activities are
leading to a continuous reduction of the basic unit
of CO: emissions relative to the company's net
sales (Fig. 4).

(Tons of CO2/100 mil yen)

330 mmm CO: emissions =@= Basic unit of 09
CO2 emissions, 08
300 ° W
a
07 &
250 c
06 2
o
200 05 8
e
04
150 §A
03 Z.
100 g
02 “
%0 0.1

0

2000 2001 2002 2003 2004 2005 2006 2007 2008
(FY)

Fig. 4 Change in basic unit of CO: emissions
relative to net sales

Improvement of recycling rate

In the course of carrying out production activities,
various kinds of unneeded things are generated,
such as scrap iron, chips from machining
processes and leftover materials, in addition to
industrial waste. We have stopped incinerating
and sending such things to landfills altogether;
instead, we are working closely with many waste
recyclers to facilitate thermal recycling into fuel
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and material recycling into reusable resources.
Moreover, we are promoting complete sorting of
waste so as to recover reusable resources more
effectively. As a result, we achieved a 100%
recycling rate with zero emissions in May 20009.

4. Strengthening of Eco-friendly Technological
Capabilities

JATCO carries out integrated manufacturing from
design and development to casting/forging,
machining, heat treatment, assembly, inspection and
completion of fully assembled units. In order to
capitalize on the advantages of this system, we make
concerted efforts at the development stage of a new
transmission to minimize inputs and outputs of
energy and resources in all processes.

Specific examples of these efforts include: (1)
Reducing development lead time and minimizing
trial production work through V-3P* activities using
virtual tools; (2) Development of design/
manufacturing methods and process planning so as to
minimize the quantities of energy and resources
needed at the manufacturing stage; (3) eco-friendly
plant planning that allows emitted waste energy and
resources to be recovered, recycled and reused.

The use of virtual tools in (1) above makes it
possible to perform various jobs on the computer
screen, such as plant planning and checks for part
interference in assembly operations. This facilitates
validation even of aspects that could not be known
previously without conducting production trials using
physical models.

*V-3P : Value-up Innovation of Product, Processd and Program

With regard to (2) above, we are developing
manufacturing methods with the ultimate goal of
eliminating chips, machining processes and heat
treatment procedures. In addition, we are also
designing and planning processes from the
perspective of how to shorten or eliminate existing
processes.

As for (3) above, we have launched new initiatives
such as using the waste heat from heat treatment
processes and the use of natural energy sources.
Moreover, along with further accelerating the eco-
friendliness of our products in the future, we intend to
make our plants and processes eco-friendly as well.
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The aim here is to achieve monozukuri operations
that are only possible in Japan.

The following are some examples of initiatives we
have adopted recently.

1) Reducing CO2 emissions by using smaller and
lighter transmission case parts
The new next-generation CVT that JATCO
announced in fiscal 2008 adopts smaller and
lighter case parts. From the outset of the
development of this CVT, the product development
department and the production engineering
department worked together to reduce the plate
thicknesses of case parts, which are generally
determined by design for production and the
producible limits. As a result, the weight of the
case was reduced by 22% compared with that of
previous CVTs of the same class. This weight
saving will naturally improve vehicle fuel
economy and also substantially reduce CO2
emissions in the production processes of the case
parts. On an annual basis, it will reduce CO2
emissions by approximately 300 tons.

2) Reducing CO: emissions by changing to a batch-
type gas carburizing furnace
We have changed to a high-efficiency, high-
energy-saving heat treatment furnace for small-
volume parts subjected to a special carbonitriding
heat treatment process. Previously, the output gears
of 4-speed ATs were heat-treated in a large
continuous gas carburizing furnace. That heat
treatment process is now performed in a small
batch-type gas carburizing furnace. In making this
change, we modified the batch-type carburizing
furnace so that it is capable of performing multiple
heat treatment processes, including carburizing,
carbonitriding and gas soft nitriding, among
others. The use of this batch-type carburizing
furnace for small volumes of parts has reduced
CO: emissions by approximately 68% compared
with the previous continuous carburizing furnace.

3) Reducing CO:2 emissions by shortening the final
tester cycle time
We have been promoting design for production
activities for improving both product performance

1331
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and productivity. As a result, it is now possible to
break down product performance to the level of
individual part accuracy. In addition, the front-
loading of assembly accuracy checks has reduced
the need for product performance tests in assembly
processes, thereby shortening the final tester cycle
time. As a result, the final tester cycle time has
been halved, reducing annual CO:emissions by
approximately 170 tons.

4) Reducing CO: emissions by using the residual heat

1

~

of the forging process

Conventionally, workpieces were initially cooled
following hot forging and then heated again when
they underwent heat treatment. However, we are
now changing to a self-heating annealing process
that utilizes the residual heat following hot forging.
This allows the heat treatment process that was
previously performed on a separate line to be
combined into an integrated line (Fig. 5). Together
with the resulting simplified logistics, it enables us
to reduce CO: emissions by approximately 1,115
tons a year.

Various other activities have also been undertaken,
including the purchasing of molten metal for die
casting, discontinuation of the shaving process and
heat treatment process for gears, and material
changes for obtaining weight savings. We will
continue to pursue manifold possibilities in our
challenge to achieve further technological
breakthroughs in the future.

5. Logistics Activities

Modal shift

We began implementing a modal shift in 1994 to
improve our transport methods in order to reduce
CO: emissions that occur in logistics operations.
Specifically, we switched from trucks to ferries for
transporting our products to customers in Kyushu,
which had the effect of reducing CO: emissions by
75%. In addition, we have been switching from
truck to rail transport for parts procured from
distant locations, such as Hiroshima (780 km
away) and Okayama (680 km away), and brought
to our production centers in Shizuoka. This modal
shift has been steadily expanded since fiscal 2005
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and has resulted in a annual reduction of CO:
emissions of 83.3%.

2) Reduction of environmental impact of pallets and
packing materials
B Reduction of load weight and simplification of
packing materials
Previously, our products were delivered to
customers mainly on returnable steel pallets, but
since 1997 we have been lightening the load
weight to improve the fuel economy of the
transport trucks. The use of molded plastic trays
has reduced the load weight by 21% and the
adoption this material for the partitions and
polyvinyl bags used to protect products has also
promoted a reduction of waste. This is because it
allows the packing material specifications to be
simplified and is returnable and reusable.

B Reuse and recycling of plastic containers
The plastic containers used in transporting and
storing products and the plastic buffer material
used to protect products previously ended up as
waste when it became unusable due to
degradation or product changes. Since fiscal
2004, we have been reusing these plastic items
for products and have also been working with
plastic product manufacturers to promote the
recycling of such plastics into reusable materials.

6. Future Activities

It is clear that the importance of a company's
environmental efforts will increase further in the
coming years. We will be continuing our activities to
minimize the negative impact on the global
environment, focusing our efforts in particular on
global activities and the reduction of CO: emissions
as the scope of our activities. We will strive even
harder than ever before to achieve the ultimate
monozukuri operations through new technical
breakthroughs and the full involvement of all
employees. In this way, we aim to achieve more eco-
friendly monozukuri operations.

JATCO has been among the many companies that
have heretofore promoted activities to minimize the
negative impact on the environment surrounding
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monozukuri centers, including efforts to address
pollution problems and other issues in the past. In the
years ahead, however, a key point will be whether a
company is able to undertake activities that have
various positive effects on the community. The
presence of a company in a community can have a
variety of positive benefits with respect to the
surrounding environment, community awareness, the
development of human resources and other aspects.
The company can be a "factory as a school" for the
community (Fig. 6). It will be important for
companies to put priority on promoting such activities
as one part of their CSR efforts aimed at fostering
harmonious relations with local communities.

7. Conclusion

This article has described JATCO's efforts to
address environmental issues in monozukuri
operations. In our monozukuri activities, we will
continue to tackle the challenge of achieving various
new technical breakthroughs. We intend to continue
to contribute to the global environment by
maximizing the efficiency and effectiveness of our
monozukuri operations and also by fostering
harmony with the local communities where we do
business.
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Summary JATCO launched production of a new
small CVT (JFO15E) in July 2009. This next-
generation CVT has a wide range of applicability that
combines the coverage of existing CVTs for mini-
vehicles and small cars. Moreover, it incorporates an
auxiliary transmission for a substantial improvement
in fuel economy. This article describes the product
concept, structure and new technologies incorporated
in the JFO15E as well as the efforts of JATCO's
monozukuri-related departments that made this new
CVT possible.
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1. Introduction

Competition to improve vehicle fuel economy has
been intensifying in the automotive industry in recent
years, amid the heightened concern about global
environmental issues, including legal and regulatory
aspects. Among the various technologies
implemented to improve fuel economy, CVTs are one
of the most effective approaches. These past few
years all of the automakers have been increasing the
percentage of their vehicles fitted with a CV'T.

JATCO was among the first to focus on CVTs and
has led other companies in developing a full lineup of
CVTs that have been highly acclaimed. In 1997, we
announced the world's first steel-belt CVT for use on
2.0-liter class front-wheel-drive (FWD) cars. Since
then, we have developed CVT models with a wide
spectrum of input torque capacities, ranging from
units for mini-vehicles to a CVT for application to
large vehicles fitted with a 3.5-liter class engine.

The newly developed small CVT (JFO15E)
described here was adopted on the Suzuki Palette
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Fig. 1 JFO15E
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released in September 2009. This CVT is scheduled
to be used on a wide variety of vehicles in the
coming years, ranging from mini-vehicles to small
cars. This article outlines the product concept and the
details of the structural technologies incorporated in
this new next-generation small CVT.

2. Product Concept and New Technologies

2.1. Product concept

The JFOISE was developed around the following
product concept.

1) Contribution to the environment (reduction of

friction to improve fuel economy)

2) World's smallest package (lighter weight and

crash safety compatibility)

3) Introduction of cutting-edge technologies

4) Cost reductions

Demand for small, fuel-efficient cars is greater
today than ever before owing to the sharp increase in
oil prices worldwide. With regard to legal and
regulatory aspects, fuel economy regulations are
becoming tighter every year in the main vehicle
markets of North America, Europe and China. This
trend is also seen in Japan's Green Tax system,
including the preferential tax breaks for eco-friendly
vehicles.

In order to meet these stricter requirements, it is
imperative to improve the fuel economy of
transmissions intended for use with reciprocal
engines on mass-market vehicles, taking into
consideration the resultant volume effect.
Furthermore, to facilitate common use on mini-
vehicles as well, transmissions need to be smaller in
size and achieve lower friction (Fig. 2).

Reducing the size further while still
accommodating 180 Nm of input torque would pose
an extremely high hurdle. We concluded that it would
be virtually impossible to meet both conditions if the
JFO15E were designed simply as an extension of the
conventional CVT structure. For that reason, the
JFO15E was engineered as the world's first CVT with
an auxiliary transmission.

2.2. Specifications and structure
2.2.1. Applicable torque
JATCO has a full lineup of CVTs, ranging from
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units for mini-vehicles to a CVT for use with large
engines of the 3.5-liter class. The model mix consists
of four types designed for application to mini-
vehicles, small cars, midsized cars and large cars,
respectively.

The addition of an auxiliary transmission to the
JFO15E successfully expanded the ratio coverage and
reduced the size and weight of the unit. This resulted
in a CVT that is also applicable to mini-vehicles.
Because the JFO15E can cover both mini-vehicle and
small car applications, it has helped to reduce the
number of models in our CVT lineup.

The applicable torque range of the JFO15E is
shown in Fig. 3. It can handle input torque ranging
from 60 to 180 N-m. As a result, this single CVT can
accommodate the applicable torque range of the
existing JFO12E, JFOO9E and F1C1 models.

2.2.2. Ratio coverage

The combination of unique pulleys and an
auxiliary transmission enables the JFO15E to achieve
the widest ratio coverage among current mass-
produced CVTs and stepped ATs. This wide ratio
range contributes to improved fuel economy and
power performance (Fig. 4).

JFO15E
/

70

oo o

6.0

Ratio coverage

50

O P oCmDOCOAD 00 O

o

O O oo 0 M Oomo om
@©DOMOD 0 QoD 000 a»O O

4.0

CVT AT(FWD) AT(RWD)

Fig. 4 Ratio coverage

2.2.3. Structure

Like conventional CVTs, the JFO15E adopts a
torque converter as the start-off element. Torque
input from the engine is transferred via the torque
converter and a counter gear to the belt and pulley
assembly that forms the shift mechanism. Drive
torque is then transferred via the auxiliary
transmission and the forward-reverse changeover
mechanism through the final reduction gear to the
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differential gear from which it is output to the right
and left drive wheels (Fig. 5).

The oil pump that generates the hydraulic pressure
for torque transfer and shifting is positioned under
the first shaft and is driven via a chain system from
the input shaft connected directly to the engine. Like
existing CVTs, the hydraulic circuit for the control
system is located in the oil pan below the case.

2.3. Seven principal technologies
2.3.1. World's first CVT with an auxiliary transmission
The JFO15E is the world's first CVT to feature a
newly developed auxiliary transmission. The
planetary gear set of a conventional CVT is directly
coupled for forward motion and provides only a
torque transfer function during travel in reverse. In
contrast to that arrangement, the auxiliary
transmission (Fig. 6) provides two forward speeds
and one reverse speed. It is constructed with a
Ravigneaux planetary gear set as shown in Fig. 7 and
achieves a compact design while still adding an
auxiliary shifting function.

Fig. 6 Auxiliary transmission

The Ravigneaux planetary gear set adopted for the
JFO15E provides gear ratios of 1.821 in first gear, 1.0
in second gear and 1.714 in reverse. In relation to a
conventional CVT, it adds one Low brake and one
sun gear. These additional elements give the structure
a size disadvantage compared with conventional
units. To solve that problem, a configuration was
selected that directly couples the planetary gear set
when traveling in second gear and allows the gear set
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to transfer drive torque only when traveling in first
gear or reverse. In addition, a structure with a highly
efficient layout was achieved by reducing the tooth
face width of the planetary gears as much as possible.
That was accomplished by carefully examining the
relationship between the flash temperature on the
tooth face and pitting life.

The gear ratio range of the Ravigneaux planetary
gear set combined with that of the variator results in
ratio coverage of 7.3. As a result, the JFOISE CVT
has one of the world's widest ratio coverages, even
exceeding that of 8-speed ATs (Fig. 8).

Response at slow speed and start-off

LOW
Ratio coverage of
§ existing CVTs
&
]
8|
g HIGH
=

Low engine speed at
high vehicle speed

Vehicle speed

Fig. 8 Ratio coverage

2.3.2. Downsizing of pulleys

In order to expand the ratio coverage of a steel-belt
CVT, it is generally necessary to increase the outer
diameter of the pulleys. However, that results in a
larger CVT, making it more difficult to mount the
unit in the limited engine compartment space of a
small car.

The size of the JFO15E pulleys was reduced by
adopting the planetary gear auxiliary transmission in
parallel with the belt and pulley system for shifting.
In addition, the previous ball spline was changed to a
roller spline, which shortened the shaft length. These
changes resulted in a more compact unit that is
advantageous for vehicle mountability.

The pulley weight was reduced by 35% compared
with that of previous pulleys to achieve the world's
lightest weight. The sheave weight alone was reduced
by 44% (Fig. 9).

The roller spline was also changed to make it
easier to manufacture. Among other changes, the
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number of spline grooves was reduced from three to
one and the snap ring groove was discontinued (Fig.
10). For other parts as well, cross-functional activities
were carried out with the manufacturing division
from the start of the development project to improve
ease of assembly and reduce costs as a result.

2.3.3. Downsizing of torque converter: Reduction of
overall torque converter length by 12%

With wider ratio coverage of 7.3, the JFO15E
allows ample torque transmission via the gears alone
in the through low state. This made it possible to
reduce the necessary torque capacity of the torque
converter, while assuring ample hydrodynamic
performance.

Expanding the range of lockup operation made it
possible to limit the region of torque transfer by the
fluid to vehicle launch alone, which also enabled the
necessary torque capacity to be reduced.

These benefits were used to maximum effect in
downsizing the torque converter by reducing the
overall length by 12%.

2.3.4. Downsizing issues

The cross-sectional shape of the areas of the pump,
turbine and stator through which the fluid flows is
referred to as the torus form. Generally, the torus
form substantially influences hydrodynamic
performance. Flattening the torque converter tends to
reduce the torque capacity and torque ratio. Since a
torque converter is designed to convert and transfer
engine torque by means of the fluid, this is a
disadvantage because the flow rate of the circulating
fluid cannot be increased.

New JFO15E

Fig. 11 Comparison of torus form
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Figure 11 compares the conventional torus form
with that newly adopted for the JFO15E, and the
hydrodynamic performance curve of each one is
shown in Fig. 12. It is seen that the region of fluid
circulation is smaller for the JFO15E.

The torque capacity of the JFO15E was
successfully optimized to match the required vehicle
performance characteristics. However, because the
torque ratio is a major factor determining
transmission efficiency, it was essential to avoid any
decline in the torque ratio. One important downsizing
issue was the question of how to keep the torque ratio
at the same level as that of existing CVTs while at the
same time reducing the torus form.

We estimated that flattening the torque converter
would reduce the torque ratio by 13% at a speed ratio
of 0.8. In addition, the coupling point would also
decline from a speed ratio of 0.82 to 0.80, which
could cause a drop in efficiency.

In order to improve performance, we drew upon
the technologies accumulated to date and optimized
the shape of the turbine and impeller blades as well
as the number of blades used.

Figure 13 shows the torque ratio as a function of
the cross-sectional area when the torque converter
size is nondimensionalized. The transmission
efficiency of a torque converter is equal to the
product of the speed ratio and the torque ratio. A
high torque ratio at a speed ratio of 0.8 indicates that
the torque converter has high transmission efficiency.

Figure 13 shows the torque ratio at a speed ratio of
0.8 in relation to the converter size. As a result of
adopting the measures explained here, the downsized
torque converter achieves a better performance curve
than that of existing CV'Ts.

Torque ratio Kt of 0.8 as a function of cross-sectional area for non-dimensionalized size
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Fig. 13 Torque potential map for
non-dimensionalized converter size
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2.3.5. Rearward repositioning of clutch: Reduction of
overall transmission length by 10%

The development concept for the JFOISE was to
achieve the world's highest level of performance in a
downsized unit. One of the techniques employed to
achieve that concept was to position the clutch and
planetary gear auxiliary transmission behind the
pulleys. That made it possible to downsize the pulleys
and to improve the layout efficiency of the JFO15E
without concentrating the structural parts on the first
shaft, as was done previously.

Positioning the clutch and auxiliary transmission
behind the pulleys improves the overall layout
efficiency, but at the same time it is also
disadvantageous for the strength of the auxiliary
transmission. The reason is that the pulleys amplify
the torque input to the auxiliary transmission, unlike
the situation in a conventional CVT. Moreover, in
terms of vehicle mountability, the allowable
clearance at the third shaft is a lot more severe than
at the first shaft. Accordingly, substantially reducing
the length of the third shaft was a major issue with
regard to improving the marketability of the JFO15E.
In order to resolve this issue in the course of
developing the JFO15E, the following new technical
features were adopted for the auxiliary transmission.

2.3.6. Reduction of overall length via the internal
gear support of the high clutch

The high clutch is a critical part for the feasibility
of the auxiliary transmission. Not only does it
influence shift behavior, it also has a significant
effect on fuel economy and driveability from the
standpoint of torque capacity. Therefore, in the
conventional design strategy it was necessary to
secure an exceptionally large volume in both the
axial and radial directions.

Figure 14 compares the conventional high clutch
layout with that newly adopted for the JF105E. In the
conventional layout, the high clutch plates that
transmit driving force are supported by snap rings
attached to the drum. With this support structure, it is
necessary to ensure sufficient strength against
deterioration of the surface pressure of the friction
materials and plate deflection induced by plate
deformation. For that reason, it has been necessary to
use a retaining plate that is thicker than the driven
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plate.

In the new layout, the retaining plate that was
disadvantageous for the axial direction layout was
discontinued and an internal gear was adopted
instead to support the driven plate. That eliminated
the need to allow any clearance between the
retaining plate and the internal gear. The snap rings
that were provided in the conventional structure for
both the retaining plate and the internal gear were
also reduced to just two rings for restraining the
internal gear. As a result, that enabled the overall
axial length to be reduced.

One noteworthy technical feature is that the
support provided by the internal gear works to
improve the contact pressure distribution of the high
clutch. Figure 15 compares the pressure distribution
of the previous structure with that obtained by the
internal gear support.

As mentioned earlier, the behavior of the auxiliary
transmission is greatly dependent on the engagement/
disengagement characteristics of the high clutch.
Using the internal gear as a common support for the
clutch plates makes it possible to secure a stable
surface pressure distribution, something that was not
obtainable previously in existing CVTs. Besides
being beneficial for performance, the reduction of
localized surface pressure also dramatically improves
resistance to plate surface scoring. That makes it
possible to keep the number of plates to the necessary
minimum. As a result, this technical approach
substantially reduces the axial length of the unit and
simultaneously improves its performance.

2.3.7. Reduction of oil churning resistance in the shift
mechanism

The auxiliary transmission in the JFO15E is
positioned on the third shaft. The four-gear
construction generally used in existing CVTs was
also discontinued, and the gear pair consisting of the
output gear and the idler gear is now positioned on
the first shaft. As a result, the primary pulley shaft
was moved upward compared with the previous
position (Fig. 16).

This layout of the powertrain parts enables the
primary pulley to rotate without touching the fluid
surface, which reduces fluid churning for a reduction
of friction loss.
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Table 1 Major specifications of oil pumps

Item JFO15E JFO009E
Torque capacity (Nm) 180 150
Installation configuration External Axis this wick
Speed increase ratio 1.088 1

Basic displacement (cc/rev) 13.1 14.8
Tooth type Vane Trochoid
Weight (g) 1050 3720

Table 1127”9 £912, T 2.6kgf DEEE(LE[X] -
7z, BRI AN=EROT IV AL, EAHHEE
Ticks, FETE, WMARBBIORS 7H

BRI DI LI LD, HERD JFOLE FiX—> 34

WARZTIZHAT 12mm B LTV A, (Fig. 18)
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2.3.8. Ultra-small, high-efficiency oil pump

The JFO15E was developed with the aims of
achieving a smaller, lighter CVT with a lower level of
friction for the purpose of improving fuel economy.
The oil pump layout adopted for the JFOISE is shown
in Fig. 17.

ENG shaft

Oil pump drive chain

Oil pump
Fig. 17 Oil pump layout

Table 1 compares the major specifications of the
oil pumps used with the JFOO9E and the JFO15E. The
trochoid gear pump adopted for the existing JFOOOE
was changed to a small, chain-driven vane pump for
the JFO15SE. As seen in Table 1, the pump weight was
lightened by 2.6 kgf. This weight reduction was
achieved by using aluminum for part of the cover and
by lowering the inherent discharge rate. The axial
length was also shortened by 12 mm compared with
the vane oil pump used with the existing JFOI1E
model (Fig. 18). That was accomplished by
optimizing the suction circuit and the internal fluid
passages in the pump.

Fig. 18 JFO11E and JFOO15E oil pumps

A vane pump has less sliding resistance than a
trochoid gear pump and its volumetric efficiency is
also higher. Since that makes it possible to lower the
theoretical discharge rate, the pump drive torque can
be substantially reduced. One effective way to lower
the oil pump drive torque is to reduce the rotor
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diameter. However, to ensure a certain desired
discharge rate, the rotor width must be increased to
the extent that the diameter is reduced. However, that
has the effect of reducing the supercharging of the
fluid into the vane chamber, making it easier for
cavitation to occur.

An internal flow control valve was adopted to
reconcile improved efficiency with the avoidance of
cavitation, which are normally contradictory
attributes. This control valve optimizes the
distribution between the discharged flow and return
flow to the suction side, thereby enhancing the
supercharging of the fluid into the vane chamber,
reducing noise and improving erosion resistance.

2.3.9. Adoption of a damper with three levels of
damping characteristics Development aim
There was concern that expanding the lockup
operation range might increase boom noise and
vehicle vibration in that operating mode. That would
degrade quietness, which is a critical vehicle
characteristic. A low-stiffness damper is necessary as
a means of improving boom noise and vibration
characteristics during lockup operation. A damper
with three levels of damping characteristics was
developed for the JFO15E.

Structure of damper with three damping levels

Figure 19 presents schematic diagrams comparing
the structure of the conventional long travel damper
(LTD) and that of the newly adopted damper with
three levels of damping characteristics. The damping
characteristics of the two dampers are shown in Fig.
20.

The conventional LTD is constructed with an input
holding plate and an output driven plate. Two
adjacent springs that sandwich an equalizer plate
have the same stiffness. The springs operate in
tandem to produce the first level of damping
stiffness. In contrast, in the newly adopted damper
with three levels of damping characteristics, the
adjacent springs sandwiching the equalizer plate have
different stiffnesses. When the springs operate in
tandem, the stiffness of outer spring B is less than
that of outer spring C.

As a result, the lower-stiffness spring first acts
positively to produce the first level of damping
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stiffness. The second level of damping stiffness is
produced by the action of the higher-stiffness spring,
as the first-level spring compresses tightly to become

a stopper.
200
—4— 3-level damper adopted for JF105E
—=&— Existing damper
~ 150 Ist level @@
g
Z
]
=
£ 100
<
g 1
/
2 50
5 —
/
P sy
L—
| 1 Istlevel 2nd level [3rd level
0 T T
0 005 01 015 02 025 03 035 04 045 05 055 06
Torsional Angle (rad)

Fig. 20 Comparison of damper performance

In order to expand the lockup operation range of
the JFO15E for improving fuel economy, it was
essential to prevent any increase in boom noise and
vehicle vibration during lockup operation. The
lockup operation range of the JFO15E is compared
with that of an existing CVT in Fig. 21.

The adoption of the new damper with three levels
of damping characteristics allowed the damper
stiffness to be reduced. That contributed to
improving vehicle vibration characteristics during
lockup operation. In addition, the lower damper
stiffness was achieved without increasing the part
count of the damper, thereby enabling it to be
installed in the same space as the conventional
damper.

2.4. Activities to improve productivity Assembly
process activities

2.4.1. The efforts made in the assembly processes
focused on the key themes of simplicity and halving
of the investment to meet quality, cost and lead time
(QTC) requirements. Transport trays were made
smaller and simpler to match the downsizing of the
product. For example, the workpiece trays used on
the pulley assembly line were downsized such that
their weight was reduced to approximately one-tenth
that of the trays used for existing midsized CVTs and
the capital investment required was reduced to one-
fifth as much. Simultaneously, the transport distance
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was shortened and the use of manual transport
eliminated the need for any drive system.

Smaller, general-purpose press machines and other
facilities powered by electric motors were installed
on the main assembly line (Fig. 22). In addition,
mechanisms not requiring any motive power were
combined with jigs to eliminate various equipment,
thereby achieving a shorter line with a smaller
footprint. These measures reduced the capital
investment in facilities to one-half the amount
required previously for a midsized CVT line and they
also improved flexibility.

In the testing processes, activities were undertaken
to improve the capacity of the test process for each
component part. Test methods were revised along with
those of the quality assurance processes so that the
required quality could be assured, while at the same
time reducing the number of test facilities by half.

These efforts to simplify and downsize the
facilities and decrease their number also contributed
to reducing the power sources needed.

2.4.2. Machining process activities

Existing facilities were diverted for approximately
90% of the overall equipment used for machining the
case, pulleys and gears of the JFOISE. The idea was
to maximize the utilization of existing resources
(facilities) in the machining processes.

Efforts were also made at the same time to
promote the front-loading of design for production
based on simultaneous design activities. As a result,
reduction of the machining stock was incorporated
into the part specifications, making it possible to
reduce the number of facilities needed.

The cycle time in the pulley machining process
was halved by incorporating various measures in the
part specifications, enabling the number of facilities
to be reduced. The measures included near-net-shape
forging of the sheave backside and the shaft end
faces, minimizing the grinding length and reducing
the number of roller grooves.

Activities were undertaken to accommodate
greater diversity in gear machining processes.
Principal gear shapes were unified with those of the
parts of existing CVTs. As a result, mixed production
was achieved for the gears of three models, including
existing CVTs. Moreover, maximum use of the
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existing facilities and line avoided the need to install
any new equipment.

In the case machining process, the use of templates
with the cutting tools worked to reduce the tool cost.

The downsizing of parts and the reduction of
machining stock through near-net-shape casting also
led to reductions in the number of facilities, power
consumption, waste cutting fluid and number of tools
used.

2.4.3. Heat treatment process activities

The activities undertaken in heat treatment
processes were focused on the pursuit of a transfer
tunnel production system. Existing facilities were
diverted 100% for the gears and pulleys of the
JFO15E so as to minimize capital investment in new
equipment. A heat treatment simulation program was
one of the tools used specifically for the pulleys to
design heat treatment jigs and conditions that would
suppress bending of the shaft (Fig. 23). As a result,
the JFO15E is our first CVT for which the pulley
shaft straightening process has been eliminated.

2.4 4. Casting process activities

Activities were undertaken in the casting process
with aim of shortening production preparation lead
time. Various types of IT tools (Fig. 24) were
effectively utilized in design for production activities
and new technologies such as direct machining were
applied in manufacturing the die casting dies. As a
result, the lead time for preparing the dies was
shortened by 1.3 months compared with previous
projects.

In addition, direct machining also greatly reduced
the volume of industrial waste (EDM electrode
material) that occurred previously. The reduction
amounted to 800 liters per die.

2.4.5. Plastic forming process activities

As a cost-cutting measure, the amount of material
used for the pulleys was reduced by adopting a
hermetically sealed forging process. In addition,
near-net-shape forging of the sheave backside and
reduction of the machining stock helped to reduce
the process cycle time and the number of facilities
needed.

Moreover, a cold forging operation was achieved in
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the machining process for the difficult-to-machine
spline on the inner diameter of the pulley shaft. That
was accomplished through simultaneous engineering
activities and a design review of new technologies
and methods.

2.5. Parts procurement activities

The automotive industry has faced a maelstrom of
changes in the operating environment in recent years,
including declining vehicle demand, a shift to mini-
vehicles, sharp increases in material costs and
intensifying price competition, among other things.
Given this situation, a priority issue was to improve
the cost competitiveness of the JFO15E so as to make
the unit usable on both mini-vehicles and small cars.

Toward that end, a more severe unit cost than ever
before was set for the JFO15E. Rigorous activities
were undertaken to achieve the targets set for
purchased parts which account for 60-70% of the
total cost. The following activities in particular were
conducted in the course of selecting suppliers, which
led to the attainment of the overall cost target.

1) Bundling sourcing with other CVT models
Cost reductions were pursued through bundling
sourcing whereby suppliers were selected not just
for the new small JFO15E but in combination with
the selection of suppliers for other units as well.

2) Leading competitive country (LCC) program

Procurement of parts with ample competitiveness
was promoted from suppliers in China, ASEAN
countries and other areas having high labor cost
competitiveness. As a result, approximately 40%
of the purchased parts are being procured from
LCC suppliers (Fig. 25).
Japanese, American and European suppliers have
been establishing local operations in LCCs in
recent years, accompanying the establishment of
assembly plants by Japanese, American and
European automakers and the growth of
indigenous vehicle manufacturers. These moves
have also improved the technical capabilities of
indigenous suppliers. In short, the competitiveness
of suppliers in LCC regions has improved
markedly compared with before, and there are
expectations of their potential for further
improvement of their competitiveness.
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In contrast, supplier competitiveness in Japan has
been declining rapidly owing to increased labor
costs and the reduced latitude for further
rationalization of their operations. Under these
circumstances, it is expected that the use of
suppliers in LCC regions will be increasingly
important in the coming years with respect to
ensuring competitiveness.

3. Conclusion

The FJO15E will be used on many vehicle models,
from mini-vehicles to small cars, planned for
production at plants in Japan and overseas, making it
a mainstay pillar of JATCO's profitability along with
the JFO11E. We have put this new CVT on the market
with the confidence that it has exceptionally high
competitiveness compared with other companies'
products, as described in this article.

Kenichi MAKITA Akira SHIMADA

Yuusuke TACHIBANA  Tomoaki SHIRAMIZU
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Summary JATCO developed a new 4-speed
automatic transmission (JF414E) for use on front-
wheel-drive vehicles, aiming for a compact, light-
weight, low-friction unit suitable for global markets.
This article describes the product concept and details
of the JF414E, along with the V-3P activities carried
out in the development process.

1. [IUBIC

VAR, MWERRBMEN 70— X7 v 7 &N, H
W OBRENT L= A EHE->TETY
Lo Flo, Aoy NIy YUV — N HERN]
FEL T 472012, AT /MU RO LN TV D

KETIE, TNSOEREE T 557 FRAAT
DMy 7 b EZF0FM, BXUV3P DR
DA DNTHENT 5.

2. FREDIEN

F FRAAT I T2 T8 a7 MBS L
7z.

1) #5 - aoy Mb @& E)

2) kA Mt

3)15:7'J7/5/ﬂ2( TR )

4) 25 ERE D)

3. EEF#T

Fril FFAAT OVERX % Fig. 1 12, KD FF4AT
(LLF, FO3B) &DiEICHEA Table 1 (2787

1. Introduction

The focus on global environmental concerns in
recent years has heightened the need to improve
vehicle fuel economy. There are also demands to
downsize automatic transmissions for easier
mounting in smaller engine compartments.

This article describes the product concept and
details of the JF414E that has been developed to meet
these requirements, as well as the V-3P (Value Up
Innovation of Product, Process and Program)
activities undertaken for this new 4-speed AT.

2. Development Aims

The JF414E was developed around the following
principal concepts.
(1) To reduce the weight and size for improved
vehicle mountability
(2) To lower the cost
(3) To reduce friction for improved fuel efficiency
(4) To improve shift performance

3. Major Specifications
The appearance of the JF414E is shown in Fig. 1,

and its major specifications are compared with those
of the existing FO3B 4-speed AT for front-wheel-

* PRI

Product Development Department
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Fig. 1 Appearance
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Table 2 Comparison between new FF4AT and FO3B

Number of Components| New FF4 AT FO3B
Planetary Gears 2 2
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One-Way Clutches 1 2
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drive cars in Table 1.

Table 1 Comparison between new FF4AT and FO3B

New FF4AT FO3B

Torque capacity 150 Nm ~—
Planetary gear Ist 2.861 .
ratios 2nd 1.562 ~

3rd 1.000 .

4th 0.697 ~

Rev 2.310 —
Final gear ratio 3.410~4.351 3.605~4.342
Overall length 344.2 mm 387.5 mm
Weight (wet) 58 kg 68 kg
Distance between
1st and 3rd shafts 183 mm 186 mm

4. Reduction of Weight and Size

For the purpose of improving fuel efficiency and
vehicle mountability, the JF414E is built with one less
clutch-brake set and one less one-way clutch than the
FO3B (Table 2). The layout was also improved and
the measures listed in Table 3 were taken to
downsize various components. As a result, the
JF414E is approximately 43 mm shorter in overall
length than the FO3B and weighs about 10 kg less. In
addition, downsized packaging allowed the automatic
transmission fluid (ATF) volume to be reduced by
approximately 32%, which also contributes to the
lighter weight.

Table 3 Technologies contributing to weight savings and compactness

Part Item Downsizing | Weight Reduction
[©) Case 3D optimization analysis [
@ [ Torque Conerter | Ultra-flat in length [ [
3 | Control Valve | Minimization of size [ [
@ | Output Gear_ | Optimization of position [

5. Lower Cost

Cost savings were attained by sharing parts with
the FO3B and other units. Further cost reductions
were achieved by redesigning approximately 36% of
all the parts. Both groups of parts were optimally
combined for thorough-going cost reductions, in
addition to the lower costs achieved by reducing the
part count, weight and size, as described above.

6. Improvement of Fuel Efficiency
6.1. Reduction of friction

Detailed studies were made of the components of
the JF414E with aim of reducing friction levels. As a
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result, the total friction of the unit was reduced by
approximately 40%. The major measures adopted to
reduce friction are explained below.

6.1.1. Discontinuation of overrun clutch

Discontinuation of the overrun clutch has reduced
drag torque at the time of release and seal ring
resistance at the time of engagement.

6.1.2. Reduction of ATF churning resistance

Fluid churning resistance was reduced by
positioning the reduction shaft higher, by adopting a
baffle plate and by the effect of reducing the ATF
volume.

6.1.3. Improvement of oil groove shape of low clutch
and low & reverse brake
The shape of the oil grooves in the low clutch and
low & reverse brake was improved for better fluid
drainage, thereby reducing drag torque between the
drive and driven plates.

6.1.4. Reduction of oil pump drive torque
The drive torque of the oil pump was reduced by
optimizing the side clearance of the oil pump gear.

6.1.5. Adoption of fuel-efficient EJ-1 ATF

The fuel-efficient EJ-1 ATF, with approximately
25% lower viscosity than the previous ATF, was
adopted to reduce friction.

6.2. Lockup control

The JF414E allows torque converter lockup from
second gear for improved fuel economy. In addition,
the application of slip lockup control from second
gear improves both driveability and fuel economy.

6.3. Neutral idle control

Neutral idle control releases the forward clutch
when a vehicle is stopped and the brake pedal is
depressed, even though the selector lever is in Drive.
This creates a state inside the transmission that
resembles neutral, which reduces the engine load
during idling to improve fuel economy.
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7. Improvement of Shift Performance

Two clutches and two brakes are directly
controlled by three large-capacity 3-way linear
solenoids, which achieves suitable shifting and
optimal driveability. The adoption of large-capacity
3-way linear solenoids also reduced the number of
valves, thereby contributing to the exceptionally
compact size of the control valve, which is
approximately 31% lighter than the previous one.

8. V3P Activities

8.1. Results of applying V-3P program

V-3P methods were applied to the JF414E project
from the initial development stage to carry out cross-
functional activities. This produced significant results
for a project conducted under the V-3P program. The
major V-3P activities are explained here.

8.1.1. Digital mockup design review (DMDR)

Among the V-3P activities, this design review
involves the creation, validation and evaluation of a
digital transmission model, making it possible to
identify and solve issues early in the digital phase of
the development process. The following discussion
explains the activities undertaken, the tools used and
the creation of IT tools.

8.1.2. Data UNITEC study

A Data UNITEC (Unit Trial Production Meeting)
study was conducted in which digital prototyping
was performed using 3D models (Fig. 2). In this
study, parts designers, production engineers, plant
personnel and other people involved worked together
to confirm productivity on the basis of 3D data. As a
result, it promoted better mutual understanding
between product development and production
personnel. This led to a product design that improved
difficult assembly tasks and incorporated the desires
of the production side. The JF414E project was
promoted through this kind of cross-functional
teamwork.

8.1.3. Use of potential issues list (creation of IT tool)
The potential issues list was digitized in a renewed
effort to make it easier to use. The development of
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this IT tool has improved workplace efficiency by
enabling employees to work more efficiently,
including the visualizing and sharing of issues as
well as data input and retrieval. It is now possible to
solve problems more quickly because issues can be
shared cross-functionally between the product
development and production departments (Fig. 3).

8.1.4. Use of integrated specification tables (creation
of IT tool)

The accuracy of design studies was improved and
the amount of rework was reduced by making visible
the required specifications and the process for
determining the items to be examined in design
studies.

8.1.5. Use of design change management list (creation
of IT tool)

One of the key goals of the V-3P program is to
have zero design changes after the official design
release. A design change management list was
created for centralized control of design drawings
that have been changed. This list makes design
changes visible, enabling them to be shared
throughout the company, which facilitates their
smooth accommodation.

8.2. Hands-on assembly experience and off-site
meeting

At the plant production trial stage, the product
developers responsible for the JF414E worked on the
actual assembly lines and personally experienced the
assembly operations. That gave them first-hand
experience with the parts they had designed, and it
led to the discovery of new cost-cutting measures.
This was JATCO's first attempt at hands-on assembly
experience and it gave birth to bottom-up initiatives.
This is one example of success in deepening mutual
understanding between product development and
production personnel.

After the hands-on assembly experience, the cross-
functional team members from manufacturing,
product development, product planning and other
departments held an off-site meeting. Through their
discussions they came up with various measures for
reducing costs and improving the ways assembly
work is done. This unified activity formed stronger
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ties of mutual trust that should lead to further results
in the future.

9. Conclusion

The JF414E was developed with the aims of
reducing the weight and size, lowering the cost,
improving fuel efficiency and enhancing driveability.

(1) A lighter, more compact AT was achieved by
improving the layout, adopting measures to
downsize various parts and reducing the ATF
volume.

(2) Cost savings were achieved through an
optimum combination of measures that
included part count reductions, sharing of parts
with other ATs and redesigning of parts.

(3) Fuel efficiency was improved by implementing
measures for reducing friction and by
expanding the lock-up operating range, among
other improvements.

(4) Using large-capacity 3-way linear solenoids to
directly control clutch and brake hydraulic
pressures provides smooth shift performance.
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Summary This article presents a study of an ideal
hybrid transmission, focusing on ratio coverage and
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friction as fundamental transmission specifications.
It describes the requirements of a transmission
capable of maximizing the fuel economy potential
obtainable with a hybrid powertrain system.
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1. Environment Surrounding HEV Technology

According to a survey done by Toyota, cumulative
sales of hybrid electric vehicles (HEVs) reached the
two million mark in 2009 since they were put on the
market in 1997. It would be safe to say that HEVs are
currently undergoing a period of expansion as an
eco-technology. One of the factors driving this
expansion is the government's environmental policy
of providing a tax break on eco-friendly vehicles.

Consequently, there are strong expectations for the
appearance of hybrid systems that achieve an
optimum combination of fuel economy, power
performance and low cost and can be applied to a
wide lineup of vehicles. We conducted a parametric
study of the ideal hybrid transmission using the
fundamental transmission specifications of ratio
coverage and friction as the parameters. The aim of
this work is to maximize the fuel economy potential
obtainable by adopting a hybrid system.

2. Fuel Economy Benefits of an HEV System
The effects of an HEV system on improving fuel
economy are assumed to be ascribable to the

following two factors.

2.1. Fuel economy improvement by recovering the
vehicle's kinetic energy during deceleration

* FnhB FEAR
Product Development Department
ook HEEFBIHL ST — LA & BFEATS
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2.1.1. Fuel economy improvement related to engine
friction and transmission efficiency

Figure 1 shows the amount of energy regenerated
at various vehicle speeds and the share attributable to
different factors. With regard to the powertrain,
transmission friction and engine friction have a large
impact on fuel economy.

Figure 2 shows the rate of improvement in fuel
economy ascribable to these factors. The results
indicate the outstanding superiority of a one-motor-
two-clutch (1IM-2CL) system that allows the engine to
be engaged and disengaged.

It is also clear that improving transmission
efficiency is important as well. The reason why
transmission efficiency has a large impact is that the
quantity of energy recovered is reduced every time it
passes through the transmission, as can be seen in
Fig. 3.

Transmission
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loss

Transmission

T.,e Clutch  Engine  Clutch
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Transmission efficiency is
applied twice.

Fig.3

Table 1 shows the amount of improvement in fuel
economy based on energy recovery during vehicle
operation in several major test modes. The effect on
improving fuel economy increases as the average
vehicle speed decreases. Improvement of
approximately 12-25% can be expected for the one-

motor-two-clutch system.

Table 1
Recovered energy (kJ) Fuel economy improvement (%)
Test mode SSG IM-2CL SSG IM-2CL
JCo8 481 1509 -7.8 -24.6
LA4 769 1794 -82 -19.1
HWY 574 1202 -58 -12.1

2.2. Fuel economy improvement obtained by
operating the engine at its most fuel-efficient
point

2.2.1. Effect of operating engine at its most fuel-

efficient point



REED/NA Ty FAEREOERICE G 7B A4

BEERIERIZ LR RACUIED B,
PR S, (K -4, [X] -5)

RELUEEN R

Torque

A: Efficiency at engine's highest efficiency point
Engine efficiency > /7 /
< B: Equivalent efficiency in EV mode

Poor

C: Base vehicle with identical engine driving force
and vehicle speed o ——

Engine speed

Fig. 4
EVIEATIC X 2B EER =
| — B XEV#ES $+A><1CE;% TR
* B = Axﬁﬁﬁc?‘-éiﬁ$

Effect of EV mode on improving effective fuel consumption rate

D-segment C-segment

W Electric power loss
@ Engine efficiency

Approx. 50% improvement

& Approx. 30% improvement

Effective fuel consumption rate (g/kwh)

Base vehicle HEV Base vehicle HEV

Fig.5

2.2.2. LYANEBREREDR

B -6 I(EERNER, Ly AN
RERT. FHHEEDKWE—FTI
BIROEIRELL VAN INEERR
BATREV, —JF HWY TlE, =2V U 3h%9)
BIzOEER IV L O HNDO IR @)1
DR CGERFIT R E .

BIENQL
¥, AnROEIL
DUER)
EQr

TN

3. BEDONAT )y NRAEREEN

EREEERICHED S, BUROZ#IC
FLOBHEL-2DIHTRB.

DTSR T

1611

Since an HEV allows energy storage, the engine
can be operated at its most fuel-efficient point during
the engine-propelled mode by adding the load for
charging the battery, in preparation for subsequent
EV mode operation. While the benefit varies
depending on the base operating point and battery
charge-discharge efficiency, a large improvement in
fuel economy can be expected (Figs. 4 and 5).

Rate of fuel economy improvement due to EV
mode =

1 - B x EV mode share + A x ICE mode share/C

where B = A x battery charge-discharge efficiency

2.2.2. Ratio coverage and fuel economy benefit

Figure 6 shows the fuel economy benefit as a
function of transmission efficiency for three ratio
coverage values. In the JCO8 test mode conducted at
a low average vehicle speed, the energy recovery
efficiency discussed above has a large impact, and
improvement of transmission efficiency has a greater
effect on fuel economy than ratio coverage. In
contrast, in the Highway mode, selection of a suitable
ratio coverage value has a larger effect on improving
fuel economy than transmission efficiency because of
higher engine efficiency.
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3. Requirements of an Ideal Transmission for HEVs

Table 2 summarizes the relative advantages and
disadvantages of various current transmissions with
respect to the requirements mentioned above.
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Table 2
Torque-split
type
Good

AT base
RWD | FWD

Good | Good

DCT base CVT base

City fuel economy Good Fair

Highway fuel economy Fair Fair~Good | Good | Fair~Good Good

Mountability/layout ability Good Poor Good | Fair Good

Cost Fair Fair Good | Good Good

Total Fair Poor Good | Fair Good
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Fig. 7 One-motor-two-clutch system
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@ The one-motor-two-clutch system is effective in
preventing engine drag torque (Fig. 7).

@ If priority is put on fuel economy in high-speed
highway driving, wide ratio coverage is a key
factor. A 7-speed automatic transmission is
advantageous for rear-wheel-drive vehicles,
whereas a CVT is better for front-wheel-drive
vehicles, taking cost and vehicle mountability
into account as well.

4. Conclusion

Customer satisfaction surveys concerning hybrid
vehicles reveal that there are demands for further
improvement of fuel economy in both city and
highway driving. Meanwhile, there are desires for
low-cost hybrid systems with broad applicability to a
wide range of models, including wishes for the
availability of a hybrid version of the car models
individuals want to buy.

The results of this study indicate that improving
transmission efficiency and the adoption of a layout
that allows improvement of inherent power transfer
efficiency are among the key factors for increasing
the level of energy regeneration obtained. It was
found that the dual clutch transmission (DCT) also
has a high potential if it can be further downsized.
We plan to move ahead with the development and
commercialization of new types of transmissions,
keeping in mind other electrified vehicles that are
also expected to become popular in the future.

Fig. 9 Hybrid car
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Summary Recently, a day has not gone by without
seeing the word "eco" in everyday life. At JATCO,
we supply our customers with many products that
contribute to eco-friendliness. This article focuses on
transmission control technologies and experimental
evaluation technologies that support the eco-
friendliness of vehicles by improving fuel economy,
although they are not readily visible. It explains in
simple terms several specific examples of such
technologies that have been implemented lately.
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1. Introduction

Good fuel economy has become an essential
requirement for products today and can be their
biggest competitive edge. This situation has resulted
from heightened environmental awareness worldwide
in recent years and the introduction of subsidy
programs for low-emission vehicles in many
countries. Regulations on CO: emissions have also
become tighter, making it necessary to take steps to
reduce emissions of CO: in product development and
manufacturing processes as well.

Figure 1 outlines JATCO's technologies for
achieving environmentally friendly transmissions.
The support of control technologies from behind the
scenes is indispensable to the attainment of these
measures. It would be safe to say that much of the
recent improvement in fuel economy can be
attributed to control technologies.

This article describes several typical examples of
the control technologies applied to JATCO's
transmissions.
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2. Technologies Supporting Size and Weight Reductions

JATCO has developed the world's first CVT that
features an auxiliary transmission. This next-
generation CVT combines the auxiliary transmission
with the conventional belt and pulley system that
provides the stepless shift mechanism, i.e., variator.
Compared with conventional CVTs, this structure
widens ratio coverage by more than 20% and
improves both acceleration performance and fuel
economy, while achieving a smaller and lighter
package.

One of the biggest challenges in commercializing
this next-generation CVT was the question of how to
shift the auxiliary transmission so as to provide the
same shift feeling as an ordinary CVT. To
accomplish that, the following two issues were
resolved by means of the control technology.

2.1. Shock-free shifting without a one-way clutch
The one-way clutch (OWC) function was
discontinued in the auxiliary transmission to achieve
a smaller and lighter package. Consequently, if the
pressure applied to the clutches during a shift is not
suitable, excess capacity can induce large jerkiness or
insufficient capacity can lead to engine flare-up.
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Clutch torque distribution control was adopted to
distribute the optimal torque split to each clutch in
real time in relation to the input torque. Adaptive
learning control was applied to optimize the torque-
pressure characteristic for each element, enabling the
optimum pressure to be supplied to achieve shock-
free shifting. In cooperation with the production
engineering team, a system was put in place for
tuning adaptive learning control accurately at the
manufacturing stage so that the specified
performance is achieved before the transmission is
delivered to the customer.

2.2. Shifts free of engine speed discontinuities
caused by switching of clutches

An automatic upshift is explained here as an
example (Fig. 2). When the auxiliary transmission
begins to upshift automatically, its input speed, i.e.,
variator output speed (Ns), decreases accompanied
by a decline in the input shaft speed (Np) as well,
causing the engine speed to change. Having the
variator downshift at that time raises Ns, so that a
decline in Ns can be avoided. Focusing on this
principle, we developed a cooperative control
technique that has the variator shift in the opposite
direction of a shift by the auxiliary transmission and
uses rotational speed feedback control to manage
clutch pressures so as to precisely align the rotational
speeds. This control achieves shifts free of engine
speed discontinuities.

3. Technologies for Improving Transmission
Efficiency

Torque transfer loss due to slipping of the torque
converter is one of the major causes of transmission
loss in automotive transmissions. Reducing the loss
that occurs in the torque converter increases
transmission efficiency, which has a large effect on
improving fuel economy. One way to reduce that loss
is to expand the range of lock-up operation.

However, expanding the lock-up operation range
causes various side effects such as noise and
vibration, including boom noise. Resolving these side
effects is therefore a key issue. JATCO has previously
solved these problems by applying slip control
technology represented by intelligent slip control. As
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a result, this has made it possible to achieve one of
the widest lock-up operation ranges anywhere in the
world.

We are working to expand the lock-up operation
range even further so as to provide customers with
more fuel-efficient transmissions. For our next-
generation ATs, we want the lock-up clutch to engage
from first gear (Fig. 3). For our next-generation
CVTs, our goal is to have the lock-up clutch engage
right after vehicle launch (Fig. 4). New technologies
are now being developed to achieve that

performance.
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Fig. 4 Expansion of CVT lock-up operation range

4. Technologies for Improving Efficiency Outside of
the Transmission

This section describes three control technologies
for reducing wasteful energy consumption.

4.1. Neutral idle control

This control is a measure for improving fuel
economy when a vehicle is stopped with the engine
idling and the shift lever in the Drive position. This is
done by disengaging the forward clutch to a state
resembling neutral so as to reduce torque converter
loss. In the pursuit of improved fuel economy, it
would be desirable to disengage the clutch fully,
rather than emulating a neutral state. However, that
would mean re-engaging the clutch when starting off
from the neutral idle state. Engaging the clutch from
a fully disengaged state would require a longer clutch
stroke, thereby degrading launch response. To avoid
that, it would be necessary to engage the clutch
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suddenly, causing an unacceptable shock. This
problem has been solved by adopting two control
features. During neutral idle, an adaptive learning
control keeps the clutch at a stroke position that
achieves both improved fuel economy and
driveability; and a cooperative control modulates the
engine torque to facilitate a smooth vehicle launch.

4.2.1dle stop control

An idle stop system for shutting off the engine
while a vehicle is at rest has started to become
popular as a means of reducing fuel consumption to
zero. This system automatically shuts off the engine
when the vehicle is stopped with the shift lever in
Drive and the driver is pressing the brake pedal and
shows no intention of starting off. Then, when the
driver releases the brake pedal, the system
automatically restarts the engine. This is an
extremely effective means of improving fuel
economy in city driving where waiting at traffic
lights and other stopping situations account for a
large portion of the total driving time.

Usually, an electric-powered oil pump is added to
the idle stop system used with ATs and CVTs in
order to improve start-off response from the idle stop
state. The electric-powered oil pump supplies
hydraulic pressure to the AT or CVT while the
engine is shut off so as to keep the start clutch
engaged. This eliminates the need to control clutch
engagement when the engine is restarted. As a result,
as soon as the engine is started, engine torque can be
transmitted as driving force to provide a natural
launch response even from the idle stop state.

4.3. Current cut-off to stepper motor

A new approach to improving fuel economy that
has attracted attention in recent years is to reduce
onboard electric power consumption. This lightens
the engine load by reducing the amount of electric
power that the alternator has to generate. We focused
on the power consumption of the stepper motor that
is used as an actuator with our CVTs. This section
explains how cutting off the current to the stepper
motor so as to reduce its power consumption
contributes to improving fuel economy.

The stepper motor used as the actuator for shifting
a CVT has a four-phase coil. Since current is
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constantly fed to two of the four phases, the stepper
motor consumes approximately 30 watts of electric
power, depending on the operating conditions.
However, we carefully investigated the operation of
the motor anew and found that the current can be cut
off when the vehicle is at rest and when traveling
under a steady road load. A further investigation was
conducted that focused first on the condition when
the vehicle is at rest, which would be relatively easy
to address. The results revealed that the main issue
was a possible loss of synchronism when the current
supply was resumed. The solution found for
preventing any loss of synchronism is to resume
current supply under the same phase pattern as that
when the current was cut off. A control procedure for
accomplishing that was incorporated in the control
system and has been adopted for vehicle
implementation. This control has the effect of
improving fuel economy by approximately 0.1%
under Japan's 10-15 test mode. It is a promising
control technology that is expected to be extended to
other systems in the future.

5. Evaluation Technologies for Confirming Fuel
Economy Benefits

Experiments are carried out in the course of
developing technologies for improving the fuel
economy obtained with our transmissions. In
addition, experiments must also be conducted to
confirm the effects of developed control technologies
so that the results can be fed back to the development
stage. In the past, dynamometer tests were performed
to measure the fuel economy of actual vehicles, and it
was necessary to measure absolute values using a
virtual and real simulator (VRS). Owing to
limitations on the number of facilities, available
manpower and other conditions, the confirmation-
development cycle could not be conducted in a timely
manner.

This section describes the evaluation technologies
that we established to improve that situation. These
technologies make use of our existing engine
dynamometer and enable efficient confirmation of
fuel economy benefits.

Fuel economy is measured and evaluated under the
10-15 test mode and JCOS test mode used in Japan.
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However, these test modes involve rigorous
conditions and require long measurements extending
over several tens of minutes when evaluations are
performed on a dynamometer. In addition,
continuous measurements must be taken multiple
times. Consequently, the programmed driving
patterns of the existing facilities and manual driving
by human test drivers can produce wide variation in
the test results. Moreover, data must be acquired
again if operational mistakes are made. These are
typical issues related to manpower aspects and
measurement accuracy.

As a solution to these problems, we devised an
automatic driving system (Fig. 5) based on the input
of external instructions to an engine dynamometer
using an AutoBox, which is a tool for rapid control
development. In terms of the configuration of the
hardware system, the AutoBox inputs an electric
signal directly into the control panel to actuate the
brake pedal. This signal is proportional to the
necessary braking force. To actuate the accelerator
pedal, the Autobox inputs a command directly to the
engine control module (ECM). This configuration
allows acceleration/deceleration operations to be
controlled independently from the existing facilities.

A feedback control system was also constructed
and implemented in the AutoBox. The vehicle speed
patterns for measuring fuel economy under the 10-15
test mode, JCO8 test mode and other modes are set as
the target vehicle speed. If the actual vehicle speed
differs from the target, the feedback control system
determines the amount the accelerator pedal or brake
pedal should be manipulated based on the difference.
By inputting the desired vehicle speed patterns into
this system, the accelerator pedal and brake pedal
can be automatically manipulated to the optimum
amount for following the set speed patterns.

Absolute fuel economy values cannot be obtained
with a dynamometer alone, unlike the situation for an
actual vehicle. Therefore, the effect on fuel economy
is judged on the basis of real-time fuel consumption
and the fuel cut-off duration, which are obtained
from the internal values of the ECM. The lock-up
clutch engagement time is used in evaluating torque
converter loss; the area of the hydraulic pressure
generated by the CVT is used in evaluating friction;
and electrical loss is evaluated by automatically
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measuring the power consumption of the CVT
solenoids and analyzing the automatically processed
data. Using this procedure, highly accurate data on
the relative fuel economy of the powertrain can be
obtained repeatedly and more quickly in a timely
manner even when the control logic or constants are
changed (Fig. 8).

6. Conclusion

As explained here, the fuel economy obtained with
our transmissions has been improved through the
accumulation of various control technologies.
However, there is a limit to the improvement that can
be attained with control technologies alone. In order
to improve fuel economy further, it is necessary to
enhance the controllability of the transmission
hardware itself that is the object of control. It is
essential to ascertain the hardware's potential and to
make full use of it. Further efforts must be devoted
toward that end.

HEVs and EVs are widely talked about as
technologies for improving fuel economy. However,
from the standpoint of control technologies, it merely
means changing the object of control. There is a need
to continue to refine the control technologies used.
Through such activities, we intend to improve the
marketability of our products and create new value
for our customers.
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Activities for Reducing the Use of Environment-Impacting Substances in ATs and CVTs
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Group of the Japan Auto Parts Industries Association
defines environmental impact as the effect of human
activity on the environment in the form of global
warming, discharges of environment-impacting
substances and resource depletion. This article
describes JATCO's vigorous efforts to reduce
environment-impacting substances in our ATs and
CVTs as well as activities for addressing resource
depletion.
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1. Introduction

Among the many chemical substances invented to
improve human quality of life, there are some whose
environmental impact does not become clear until
several decades later. One example here is
chlorofluorocarbons (CFCs), a class of tasteless,
odorless, nontoxic chemicals with a low heat transfer
coefficient that have been used as refrigerants in
automotive air conditioners. In 1941, the developer of
a CFC refrigerant was awarded the Priestley Medal,
named after the British scientist Joseph Priestley who
discovered oxygen in 1774. However, it was pointed
out in 1974 that CFCs deplete the ozone layer,
causing harmful effects on human life and
ecosystems. The Montreal Protocol, adopted in 1987,
banned the production and importation of CFCs.

In line with global environmental regulations,
JATCO is vigorously striving to reduce the use of
risky chemical substances in ATs and CVTs, for
which there is high concern about their
environmental impact, in addition to reducing those
regarded as hazardous substances based on
evaluations of their toxicity.
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2. Trends in Environmental Laws and Regulations

2.1. Completion of environmentally sound
management of chemical substances by 2020

Having a good understanding of environmental
policy makes it relatively easy to foresee regulatory
trends. Chapter 19 of Agenda 21 adopted at the Rio
Earth Summit in 1992 called for environmentally
sound management of toxic chemical substances in
accordance with preventive principles. At the 2002
Johannesburg Conference, the year 2020 was set as
the target time frame for completing the
implementation of Chapter 19.1) That provided the
background for the implementation schedule of the
EU REACH Regulation which took effect on June 1,
2007.

2.2. Transition from disposal phase regulations to
development phase regulations

Reducing the use of environment-impacting
substances in products in the development phase is
more cost effective than trying to recover them in the
end-of-life disposal phase. It also reduces CO2
emissions that occur in processes for recovering such
substances in the disposal phase.

Among the environmental regulations enforced by
the EU, the EU ELV Directive pertaining to end-of-life
vehicles came into effect on July 1, 2003. The EU
REACH Regulation now in effect extends the
requirements to the raw materials of auto parts. This
requires that the environmental impact be factored into
the design of parts in the product development phase.

2.3. Expansion from hazardous substance regulations
to risky substance regulations

The EU ELV Directive regulates the use of lead,
hexavalent chromium, mercury and cadmium, four
heavy metals regarded as hazardous substances based
on evaluations of their toxicity.2) The EU REACH
Regulation publicly lists substances of very high
concern (SVHC) for which there is worry about their
environmental impact. This includes approximately
100,000 existing chemical substances in addition to
some 5,000 newly added ones. The regulation
expands the control framework to include risky
substances that might have an adverse effect on the
environment, in addition to the control of hazardous
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substances.

3. JATCO's Efforts to Manage and Reduce
Environment-Impacting Substances

3.1. Technical standard and targeted parts

At JATCO, we regulate the environment-impacting
substances used in our ATs and CVTs as designated
substances under an internal technical standard, JES-
MO9001. This standard incorporates the provisions of
environmental legislation adopted in countries
around the world and is based on Japan's Chemical
Substances Control Law and the Global Automotive
Declarable Substance List (GADSL), a common list
of declarable substances in the global automotive
industry. Figure 1 shows the change in the number of
JATCO parts targeted to be reduced for containing
designated substances. Priority has been given to
those parts for which a deadline has been set for
discontinuing their use.

Among the targeted parts in 2005, approximately
1,800 parts containing hexavalent chromium were
reduced, and approximately 100 bearing parts
containing lead were reduced among the targeted
parts in 2006. As a result, some 1,900 parts
containing hazardous substances were reduced by
2007. In 2008, a deadline was set for discontinuing
use of approximately 340 parts containing lead solder
and systematic efforts were made to reduce them.
Moreover, 96 parts containing risky SVHC were
added to the parts targeted to be reduced.

3.2. Management of chemical substance data under IMDS

JATCO has compiled a database of the chemical
substances contained in AT/CVT parts and manages
them under the International Material Data System
(IMDS). In addition to data on the chemical
substances used in AT/CVT parts, the database also
contains complete data on the chemical substances of
secondary materials (Vaseline, etc.) that are
intentionally applied inside products during
production on the assembly line. The database is used
to conduct searches for parts and secondary materials
containing hazardous or risky substances.

Figure 2 shows the total number of parts contained
in the database in 2008. Of some 16,000 parts,
approximately 1,523, or 9.5%, contained designated
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substances or SVHC. This number corresponds to the
1,523 parts targeted for reduction in 2008 in Fig. 1.

ADC12
‘ Aluminium (metal)
= A Copper
- Tron
- A Magnesium (metal)
2 ‘ Manganese
; ‘ Nickel
- & Siicon
‘ Tin
A Zinc (metal)

‘ Lead

‘ Titanium

Fig. 3 Example of IMDS data screen

Table 1 SVHC list

Substance identification . .
No Sires R () EC CAS No. Reason for inclusion
1| Triethyl arsenate 427-700-2 15606-95-8 | Carcinogenic (article 57a)
2| Anthracene 204-371-1 120-12-7 PBT (article 57d)
3|44 -Diaminodiphenylmethane (MDA) 202-974-4 101-77-9 Carcinogenic (article 57a)
4| Dibutyl phthalate (DBP) 201-557-4 84-74-2 Toxic for reproduction (article 57¢)
5| Cobalt dichloride 231-589-4 7646-79-9 | Carcinogenic (article 57a)
6| Diarsenic pentaoxide 215-116-9 1303-28-2 | Carcinogenic (article 57a)
7| Diarsenic trioxide 215-481-4 1327-53-3 Carcinogenic (article 57a)
. . 7789-12-0 | Carcinogenic, mutagenic and toxic to reproduction
8] Sodium dichiromate 234-190-3 10588-01-9 | (articles 57a, 57b and 57c)
5-tert-butyl-2 4,6-trinitro-m-xylene .
9 , 201-329-4 81-15-2 vPvB (article 57e)
(musk xylene’)
10| Bis (2-ethylhexyl) phthalate (DEHP) 204-211-0 117-81-7 Toxic to reproduction (article 57c)
Hexabromocyclododecane (HBCDD) and 247-148-4
all major diastereoisomers identified: 221-695-9
11| Alpha-hexabromocyclododecane - 134237-50-6 | PBT (article 57d)
Beta-hexabromocyclododecane - 134237-51-7
Gamma-hexabromocyclododecane - 134237-52-8
Alkanes, C10-13, chloro .
12 (Short Chain Chlorinated Paraffins) 287-476-5 85535-84-8 |PBT and vPvB (article 57d - e)
13| Bis (tributyltin) oxide (TBTO) 200-268-0 56-35-9 PBT (article 57d)
Carcinogenic and Toxic to reproduction
14| Lead hydrogen arsenate 232-064-2 7784-40-9 .
(articles 57a and ¢)
15| Benzyl butyl phthalate (BBP) 201-622-7 85-68-7 Toxic to reproduction (article 57c)

33. URIMBEEZEETHEROHEIR
Table 1122008 4F- 10 HZABID SVHCY VA &7,
ﬂ(@““%@fti%ﬁ X, 4%, BRMLEWEIT 2
DRSS FB T ON LB > Th 5.
IMDS 7= X=X THfEaE L7z SVHC |28V A
IYPEIETRC 3 FETH Y (Table 1, AL FALFEWH),
WA AT, CVT DA v ¥y —2AfvF, 71—
YL 7, ATE 7ANT = EIZERLTWA.,
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Figure 3 shows an example of the IMDS data that
appear on the database screen for the CVT case. This
screen example lists the ADC 12 aluminum alloy
from which the case is manufactured and the
chemical substances used, such as aluminum, copper
and so on. The chemical substance noted in red is
one whose use is prohibited in principle.

Lead noted in red here is subject to regulation at



AT, CVTOIRIEEFRMEHIR DI A

-DBP . 7HINVEETTFIV
“DEHP . YA 2 —ZFN~FIN) T7F¥TF—h
-BBP . JHIEEXRVINTFIV

Fig. 4 12, VAZWHE % &L B O %
/N9 2008 AEHIET G 96 Hin e 2009 47 H i
I35%HIE L 72, Ak, WONALE BT
SVHC Z[ERRENAR T2 FETHY, Hitid
BN A7) ’*%At‘%ﬁ@ﬁwﬂz%iﬁﬁbﬂw

(:!:

rl

100 - 3

90 -

80 -

70 ~ 1

60 -

76

OBBP
O DEHP
O DBP

50 -

40 - 49

o

0 p
Oct.2008  July 2009

30 -

20 ¢

No. of parts containing SVHC

10 ©

Fig. 4 Reduction of parts containing risky substances

4. HEKIRIZEICEBLNCVT

4.. i«iiﬁ.ﬁr.f% S5 SO ERROHIR

Fig. 512, 44t CVT NOFEWE %= & ik
@klzﬂﬁy%Tff 2005 4EEL CVT OFFEWE % &
IR BUI ST B DK 20%TH -7, FrEYE
DRI ZRHIRIZ LD, 2008 4£E CVT T, F55E
W e E a2 ) 3% F TR S .

B Contain

B Do not contain

20% 3%

80% 97%

CVTs made in 2005 CVTs made in 2008

Fig. 5 Share of JATCO CVT parts containing
designated substances

1771

the impurity level. The substances listed in light blue
are ones that require declaration.

The Customer Specific Requirements (CSR) of our
customer companies require us to apply for approval
of our IMDS data before delivering our products to
them. This serves as evidence that the chemical
substances used in our ATs and CVTs comply with
regulatory requirements. This in-house database is
also extensively used for compliance with the CSR
provisions of the TS-16949 Standard.

3.3. Reduction of parts containing risky substances

Table 1 shows the SVHC list4) that was announced
in October 2008. The substances with a light blue
background are candidate items for which companies
will be obligated to obtain approval from the
European Chemicals Agency (ECHA) in the near
future.5)

The three substances noted below are risky
substances based on the SVHC list (chemical
substances noted in red in Table 1). From the IMDS
database, it has been confirmed that they are
contained in some of our AT/CVT parts such as the
inhibitor switch, breather pipe and automatic
transmission fluid (ATF) filter.

¢ Dibutyl phthalate (DBP)
* Bis (2-ethylhexyl)phthalate (DEHP)
* BenzlI butyl phthalate (BBP)

Figure 4 shows the change in the reduction of the
number of AT/CVT parts containing risky
substances. Of the 96 parts targeted for reduction in
2008, 35% had been reduced by July 2009. ECHA
will be continually adding and announcing further
SVHC candidates in the future. JATCO intends to
continually promote the reduction of parts containing
risky substances.

4. CVTs Friendly to the Global Environment

4.1. Reduction of parts containing environment-
impacting substances
Figure 5 shows the change in the ratio of the
number of our CVT parts containing designated
substances. For CVTs manufactured in 2005, about
20% of the total number of parts contained
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designated substances. Through the continuous
reduction of parts containing designated substances,
the ratio of parts incorporating such substances was
reduced to approximately 3% in our CVTs produced
in 2008.

4.2. Reduction of the use of rare metals

Figure 6 shows a breakdown of the content of the
chemical substances used in our CVTs. Iron and
aluminum together account for approximately 92.7%
of the materials. As a result of activities undertaken
from the development phase to reduce the use of rare
metals, their total content, including that of cobalt,
vanadium, bismuth and others, has been lowered to
about 0.025%, which is included in "Others" in the
figure.

4.3. Recyclable rate of approximately 99%

The EU-ELV Directive specifies a recyclable rate
of at least 95%3) by weight, of which the portion
recovered as energy is to be less than 10%. Figure 7
shows the types of materials used in JATCO CVTs.
Since metals such as iron, steel and light alloys are
recyclable among the chemical substances used, the
recyclable rate of our CVTs is approximately 99%.
JATCO's ATs also achieve an equal recyclable rate,
thus contributing to improving the recyclable rate of
vehicles.

o Iron & steel
O Light alloys
B Polymers

O Others

28.9%

70.0%

Fig. 7 Breakdown of types of materials used
in JATCO CVTs

5. Conclusion

In 2000, the United Nations officially adopted the
Global Compact that sets forth ten principles of
autonomous action by businesses. Principle 9
proposes that "Businesses should encourage the
development and diffusion of environmentally
friendly technologies."

One principle of action specified in JATCO's
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environmental policy is "to vigorously promote the
development of technologies that can reduce
environmental impacts." This is aimed at achieving
the mission defined in JATCO's corporate
philosophy, which is "to provide value to our
customers, automotive culture and to society through
our corporate activities." Concerted efforts have been
made to date to reduce the use of environment-
impacting substances in the company's products
beginning from the development phase.

JATCO will continue to promote the development
of clean ATs and CVTs friendly to the global
environment in anticipation of future trends in global
environmental legislation.

Keiju ABO
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Improvement of Environment and Business Operations through Management Systems
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Summary JATCO is certified to ISO 14001, the
well-known international standard for environmental
management systems. The company is also certified
to ISO/TS 16949 that specifies the quality
management system requirements specific to the
automotive industry. We are working to reconstruct
these management systems so as to move beyond
mere continuation of certification and use the systems
effectively for improving our business operations.
This article describes the issues involved in using
these systems effectively and the activities under way
to integrate both our environmental and quality
management systems.

1L IRIBEIYRIAY N AT A (EMS)

R AVA N ATL (LIFEMS) &1, [#i
TS H E RN ERRAR 2T A P2 D B 12 B 72
D, RBEICHETLHERCHELZALREL, b
DTS TR ATV L 720 DR - Tt &
LREDMAFADZ L] ).

EMS (213, BREEEDREL-LIT72ar 20X,
I BEGHE, NPO RHENEDSRKELI2bDRE
b LD, EEHMEE LT IS014001 ASELHIS L
TBY, BHIIZFORIEEZIE LT\ 5.

1.1. D 1S014001 525

MFEIE, 1998 A5 1999 £EI20FC, [HY v b
kA EHE, RO =2 BB H RUER S ERT - K
S8EEP, HEHBHEE L LHL PN Th
ISO14001 DFEFEZ R LTBY, sHEHZD
2001 4F, 2003 4F, 2006 4 (2 oAz 50 TH
TEIZE->TWA .

1. Environmental Management System

An environmental management system (EMS)
refers to a system under which an organization
establishes its own environmental policies and goals
for promoting self-initiated environmental protection
activities and which includes the structures and
procedures of the efforts undertaken to accomplish
those policies and goals.

There are various types of EMS certification,
including Eco-Action 21 established by Japan's
Ministry of the Environment and programs adopted
by local government bodies, nonprofit organizations
(NPOs) and intermediate corporations, among others.
ISO 14001 is the best known international standard
concerning EMS, and JATCO has obtained EMS
certification under this standard.

1.1. JATCO's ISO 14001 certification

During the time of the previous JATCO Corporation,
the Kyoto Plant and Mizushima Plant of Mitsubishi
Motors Corporation and the Fuji Plant of Nissan Motor
Co., Ltd. all obtained ISO 14001 certification during

i B AT PR
Quality Planning and Administration Department
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1998 and 1999 prior to being spun off. After the spin-
off and merger with JATCO, renewal audits were
conducted in 2001, 2003 and 2006, and ISO 14001
certification is still in effect at present.

Following renewal of JATCO's ISO 14001
registration in 2006, regular surveillance assessments
were conducted in December 2007 and in January
2009. While JATCO received good evaluations
overall, some non-conformities and opportunities for
improvement were pointed out. The following are
some specific examples:

@ Assessment of the environmental aspects of
basic business operations in indirect
departments

@ Activity objectives and execution plan of
individual departments

@ Improvement of the review system for non-
conformities, their corrective and preventive
measures and the effectiveness of the measures

@ Clarification of the employees targeted for skills
training and improvement of educational
content

@ Management of external documentation

@ Management of facilities/equipment with respect
to strict environmental aspects

@ Preparations and system for dealing with
emergency situations

@ Slowness in acting on results of internal audits

@ Output of management reviews

2. Quality Management System

Corresponding to ISO 14001 for EMS, ISO 9001 is
the well-known international standard for quality
management systems (QMS). While many companies
are certified to this standard, JATCO is certified to
ISO/TS 16949 that specifies the QMS requirements
for the automotive industry.

Figure 1 shows the composition of the
requirements specified by ISO/TS 16949. Based on
ISO 9001, this standard adds 155 requirements
specific to the automotive industry. Another
characteristic of this standard is that audits also
include the application of the Customer Specific
Requirements (CSRs) of individual automakers.

2.1. JATCO's ISO/TS 16949 certification
After being certified to ISO/TS 16949 in 2005,
JATCO undertook a program of activities beginning
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in 2007 to reconstruct TS processes as explained in a
related article in JATCO Technical Review No. 7. At
the time of the ISO/TS 16949 renewal audit in
October 2007, several minor non-conformities were
pointed out. Excluding requirements specific to
QMS, the non-conformities pertained to such matters
as those noted below.
@ Identification, communication and employee
education concerning CSRs
@ Effective management of records and
management of electronic documents
@ Setting of optimal and feasible targets as
management indexes of effectiveness and
efficiency
@ Plant input to management reviews
@ Determination of necessary education/training
matching employee positions
@ Specific planning for dealing with emergency
situations other than earthquakes
@ Implementation of internal audits according to
internal/external non-conformities
@ Clear articulation of the process for continuous
improvement
@ Setting of triggers for corrective and preventive
measures
These non-conformities clearly overlap the items
pointed out in the ISO 14001 audit to a surprising
extent. The reason for that is explained below.

3. Relationship between EMS and QMS

3.1. Commonality as management systems

From the beginning, ISO 14001 and ISO 9001,
which is the basis of ISO/TS 16949, have possessed a
common framework with respect to management
systems (MS). For example, section 0.4 of the
Foreword to the ISO 9001:2000 version states that:

"This International Standard has been aligned with
ISO 14001:1966 in order to enhance the compatibility
of the two standards for the benefit of the user
community. (omission) This International Standard
enables an organization to align or integrate its own
quality management system with related management
system requirements."

A similar description was also included in the ISO
14001:1996 version and the commonality of content
is continued in the 2004 version, although a direct
expression has been deleted. This commonality can
be represented as illustrated in Fig. 2. It is seen that
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Fig. 2 Relationship between EMS and QMS

these MS have a common framework.

3.2. Common MS framework
Although the chapter themes and expressions used
differ slightly between ISO 14001 and ISO 9001,
their common MS framework can be generally
summarized in the procedure noted below.
€ Common MS framework (common procedure)
(1) Determine policy and goals
(2) Clarify the system and responsibilities and
authority
(3) Determine and manage the necessary
documents and records
(4) Recognize the necessity of skills and undertake
education/training
(5) Carry out performance evaluations and internal
audits
(6) Conduct management reviews
(7) Implement corrective and preventive measures
to deal with non-conformities
As is clear from one reading, this procedure is not
limited to the environment and quality, but can also
be used to manage the attainment of a variety of
goals.

4. Transition from System Certification to Business
Operations Improvement

What is the purpose for acquiring MS certification
to ISO 14001 and ISO/TS 16497 Naturally,
certification is necessary to meet the demands of the
times regarding the environment. Being certified to
international quality standards like QS 9000 and
ISO/TS 16949 is also essential for a global auto parts
supplier in order to expand sales channels. That
background should not be overlooked.

However, if certification itself becomes the
objective, complacency may set in once it is obtained.
Subsequent activities to maintain that certification
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may then become mere formalities, with hurried
efforts made just before an internal or external audit
to fix up the documentation and read through the
standards and manuals.

In order to acquire certification, it is a common
practice to create additional standards besides the
ones adhered to previously, so as to be sure to satisfy
all the requirements. The addition of such new
standards may become a burden that interferes with a
company's operations (Fig. 3).

The aim of our activities prior to launching the
project in 2007 to reconstruct our TS processes had
been to obtain certification. Although it was
recognized that we needed to advance to activities
aimed at improving work processes, it was not easy
to get workplaces to understand that necessity.
However, at the time of the 2008 surveillance
assessment, the auditing body made the following
observations:

(DJATCO has three systems of standards working
toward certification. They should be unified into
one system.

(2)Two points were mentioned concerning MS
requirements. Simply put, "what is the purpose
of this work? Is it going well?"

These points were regarded as crucial issues for
the company and were repeatedly discussed at all the
plants. As a result, noticeable progress was made in
recognizing the importance of doing work according
to QMS concepts, rather than simply trying to avoid
having things pointed out in an external audit. That
led to a better understanding of QMS and to
company-wide improvements in procedures.

Thanks to those results, it was recognized in the
surveillance assessment conducted in the spring of
2009 that substantial improvements had been made
and no non-conformities were pointed out. Without
becoming complacent about the results, we are now
continuing to use our QMS to improve our basic
business operations by promoting an even better
understanding among the employees and by
undertaking process improvement activities.

5. Toward Construction of an Integrated JATCO MS

As explained in the previous section, since the MS
have a common framework, if our basic business
operations can be improved through the QMS, the
EMS can be used in the same way to make similar
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improvements. Improving the performance of our
operations and eliminating waste will also contribute
to improvements in quality and the environment (Fig.
4).

This means breaking away from "waste, paper and
electricity" that are often mentioned in the context of
EMS. Promoting a better understanding will lead to
improvement in the area of "assessment of the
environmental aspects of basic business operations in
indirect departments," which was pointed out in the
EMS audit.

Based on that judgment, we are now conducting a
study with an eye toward integrating our QMS and
EMS. While integrated audits have been achieved for
ISO 14001 and ISO 9001, there are currently no
integrated audits for ISO/TS 16949 and EMS.
Unfortunately, we cannot unify our external audits
for that reason. It is expected that integrating the
standards, organizations, meetings and internal audits
used for management purposes would have the effect
of reducing costs and promoting activities not for the
purpose of maintaining certification but for actually
improving business operations.

If MS are regarded as tools for improving basic
business operations, they can be applied not only to
the environment and quality, but also to safety,
information and the management of the company's
business in general. Using the integration of our EMS
and QMS as a springboard for continuing to improve
basic business operations will propel us toward the
accomplishment of The Jatco Way in terms of
"providing value to our customers and to automotive
culture" and producing "the best products in the
world by the smoothest operations." Simultaneously,
it will have the effect of improving the environment,
quality and safety. We will continue to work toward a
truly integrated JATCO MS that is unified with our
business operations (Fig. 5).
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Monozukuri Innovation through Digital Engineering
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Summary JATCO has been implementing
monozukuri processes that utilize digital tools in
each technical area from product development to
production preparations. However, overall
optimization of these tools and cross-functional
teamwork transcending division, department and
section lines are issues that must be addressed in
order to meet operating environment changes,
diversifying customer needs and other challenges
speedily and efficiently. This article describes the
activities that our groups have undertaken to achieve
such teamwork and optimization based on the key
methodology of concurrent engineering.

1. [IUBIC

The Jatco Way ZFEH T2 4D—FHKELT, £/
D) 7O ADYCETEE) [ V-3P) %4 T #L
ATWAS, ZOVIPEERTILEDHKELT,
CAD - CAM : CAE DT V%)V — )V DE A L 5 ]
EKIRMTHEDTE, HFEOI - S DAL
BB DR F, CAD - CAM - CAE O fEE
1t - FHELER) BI2E DA, 2O HRIRZEFIH
TETW5, %, &M - HEENTTYFIVY—
VOB AZ D TSGR, HplRdEftsnzry
TN —VSELAL T BHIRAEL o TBY), SR
HTIEP L TR O v R i S 7z
o TWRWVOPHIRTH S, AFFTIE, ZOFE
RIS B AT, BAZSERM & AERE R C A iR 8
fLIZAN T TB 2 2 o 75BN D W TR 5.

1. Introduction

A program of V-3P activities for reforming our
monozukuri processes is under way throughout the
company as one approach to accomplishing The Jatco
Way that expresses our corporate philosophy. Every
division has been introducing and applying various CAD,
CAM, CAE and other digital tools as the means for
carrying out the V-3P program. The application of these
digital tools has produced steady results, along with the
dramatic improvements seen in computer processing
power in recent years and the improved accuracy and
reliability of CAD, CAM and CAE software. However,
because divisions and departments have implemented
digital tools separately, a situation now exists where there
is a plethora of individually optimized digital tools. There
is currently no efficient digital engineering system
optimized from a company-wide perspective.

This article explains the activities undertaken by
the product development and production divisions to
optimize our overall digital engineering system for
the purpose of resolving this issue.

* AT s —

Engineering Analysis Technology Development Center Manufacturing

s e B

Strategy Planning Department
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2. Situation and Issues before Initiating
Improvements

The use of CAD, CAM, CAE and other digital
tools has become commonplace in manufacturing
industries in recent years in all monozukuri processes
from product development to production preparations.
Like other companies, JATCO first introduced digital
tools beginning with 3D product design models.
Subsequently, various simulation programs were
implemented for performing structural analyses, fluid
analyses and other studies in product development
and testing processes. Digital tools were also
introduced at the production preparations stage for
performing melt flow analyses in the casting process
and workability validations in assembly operations,
among other studies. The effectiveness of each digital
tool was confirmed in advance through trial use
before applying it to actual work operations. The tools
adopted to date have produced benefits in individual
work areas. Specific examples of the benefits
obtained include the reduction of trial production
man-hours involving the use of physical prototypes,
reduction of rework at the production line launch
stage, and the shortening of the lead time needed to
prepare dies, molds and production facilities.

After applying the digital tools to several major
projects, they were assessed comprehensively once
again from the standpoint of our overall monozukuri
processes. The results revealed the existence of
several issues.

2.1. Individually optimized digital tools
The digital tools selected for introduction should
have a unified software package as much as possible.
That means CAD, CAM and CAE tools should all
run on a unified platform in consideration of the
efficiency of exchanging data between tools,
consistency of operating procedures and other
aspects. However, when we began adopting digital
tools, there were no software packages capable of
satisfying the functional requirements of all work
areas. Accordingly, individual divisions, departments
and workplaces implemented tools separately that
were specifically designed to meet their own work
requirements. As a result, that has given rise to the
following system-related issues at present:
(D It is difficult to exchange data between
individual tools, resulting in the need for time-
consuming data conversion and longer lead time.
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(2) There are many similar tools in use within the
company that differ only slightly in functionality,
thereby increasing the cost and man-hours needed
for their management and maintenance.

(3) Operating procedures differ from one tool to
the next, thus requiring frequent training and
specialized operators, which also increases
man-hours.

2.2. Insufficient teamwork between work processes

As described above, the digital tools introduced to

date have been optimized to meet the needs of
individual divisions and departments. As a result, there
are also a number of work-related issues when viewed
from the standpoint of our overall work processes.

(1) Information and techniques concerning digital
tools are not shared between divisions or
departments. Consequently, the technologies
possessed by the company are not being utilized
effectively. The following is a specific example.
Chattering during machining operations is viewed
seriously by production personnel. Such vibration
could be analyzed by applying the noise/vibration
analysis software used in the production
development division. In actuality, though, the
software is not being used for that purpose.

(2) Data are not coordinated for shared used
between different tools. One example of this is
that there is no sharing of simulation mesh
models or study parameters such as process
information, production cycle time and other
aspects. This results in duplication of man-hours
for model creation and the occurrence of rework.

2.3. Improvement of efficiency in increasingly
complex development work
The need to achieve higher performance, enhanced
quality and lower costs in developing products that
please customers is leading to more complex
products. This situation has given rise to several
issues in the product development process.
(1) Insufficient sharing of massive volumes of
information
(2) Higher development costs for increasingly
complex products
(3) Insufficient man-hours for developing a wider
range of product variations
The Engineering Analysis Technology
Development Center and the Manufacturing Strategy
Planning Department, which are promoting the use
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of CAD, CAM and CAE tools in product
development and production processes, have been
working together to resolve the system- and work-
related issues mentioned above. Specifically, regular
meetings have been held to make the goals and
activities visible to each other. These are analog-type
activities aimed at creating and sharing a desirable
framework for the use of digital tools as the final
output. The following section presents some specific
examples of the activities being pursued.

3. Activity Status

3.1. Creation of a monozukuri CAD-CAM-CAE map

The first step of this activity was to create a
monozukuri CAD-CAM-CAE map, which is shown in
Fig. 1. All of the digital tools now in use in JATCO's
monozukuri operations are indicated in this map. This
mapping exercise made clear the distribution, over-
concentration, duplication, insufficiency and other
aspects of our digital tools. The procedure followed in
creating the map is explained below.

(1) The various work areas such as casting/forging,
machining, assembly and logistics were
arranged along the vertical axis. A monozukuri
time line was defined along the horizontal axis
in terms of product design, process design, die-
mold-facility design and so on.

(2) The digital tools used in JATCQO's monozukuri
processes were then arranged and mapped along
the work axis and the time axis.

(3) The relative difficulty of implementing each tool
and its benefits were also entered in the map.

(4) Needs for digital tools to resolve work-related
issues and existing technologies that could be
proposed as potential solutions were also
mapped in different colors.

The map shown in Fig. 1 was created as a result of
the two groups jointly carrying out the procedure
outlined above. The map was then analyzed and the
results revealed the following points.

* The absence, over-concentration and duplication

of digital tools

* The presence or absence of needs and potential

solutions and their distribution

e The flow of data and work operations and their

interconnections

* Possibilities for diverting existing technologies in

the company to meet the needs

The map also led to concrete forms of
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collaboration between different operations. For
example, it was found that certain production-related
issues for which digital tools were needed could be
resolved by applying the analysis tools already being
used in the product development division.

3.2. Creation of a Navi-CAD system

Attention was focused on knowledge management
for the purpose of addressing the issues of longer
development periods and increasing design man-
hours. An effort was made to identify what was
needed to enable the entire organization to share the
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Fig. 4 Digital skills training course
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necessary knowledge and information for executing
work operations. The following needs were identified.
(1) Systematizing design procedures
(2) Making work processes and schedule
management visible
(3) Sharing of massive volumes of information and
individual documents
Figure 2 shows the Navi-CAD system that was
created which incorporates the items above.

3.3 Promotion of virtual testing
The following issues involved in changing from
physical to virtual testing were identified, as one
approach to resolving the problem of longer product
development periods and the need to reduce
development costs.
(D Clarifying the respective areas for physical
testing and virtual testing
(2) Making the benefits of changing from physical
to virtual testing visible
(3) Creating a plan for virtual testing
(4) Improving the efficiency of physical testing
The CAE Analysis and Experiment Team is seeking
to find definite methods for addressing these issues. A
virtual testing example is illustrated in Fig. 3.

4. Sharing of Individual Strategies and Creation of an
Overall Strategy

In parallel with the creation of the maps described in
the previous section, efforts were made to share
individual strategies and to create an overall strategy.
The product development division and the production
division each have their own strategy for using digital
tools. These strategies were not shared between the
divisions before the initiation of the activities described
in this article. Therefore, it was decided to share the
strategies and associated concepts as the first step.

The Engineering Analysis Technology
Development Center presented its strategy for the use
of CAD in product design and the use of CAE tools in
conducting structural, fluid and control analyses. The
Manufacturing Strategy Planning Department
presented its strategy for using digital tools in
production processes, mainly in machining and
assembly operations. These strategies were shared
between the two groups. The monozukuri CAD-
CAM-CAE map enabled both groups to reach a
shared understanding of the duplication of digital
tools and the need for complementation where tools
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- Market requirements
(low fuel consumption, low cost unit)
- Requirements of automaker customers

Sharing of

—> Speeding up through use of ICT

were missing. In addition to that understanding, issues
regarding personnel, funds and materials were shared
in the process of arriving at a common strategy.

One concrete example that led to specific results
was the initiation of a digital skills training course
aimed at further expanding the use of digital tools.
Both the product development and production

Concurrent engineering
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Fig. 5 Digital engineering strategy
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divisions aim to expand CAD skills and their
teamwork here enabled this training course to be
established efficiently in a short period of time. The
training course is for technicians at the plants and is
aimed at developing people who can use digital tools
to innovate work processes. The course was first
conducted in fiscal 2009 (Fig. 4).

An overall strategy was also jointly created in this
effort. The following three areas were identified for
achieving monozukuri innovations through the use of
digital tools:

e Virtual design (product design)

e Virtual testing (testing)

e Virtual factory (production)

A concept was then formulated for all design and
monozukuri process employees for pursuing their
work along an axis of 3D product design in each
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area. This strategy calls for the input of market
demands and the specific requirements of our
automaker customers and the output of the world's
best products and finest operations, using concurrent
engineering as the methodology for accomplishing
this task (Fig. 5).

Efforts are being promoted in line with this
strategy in each area to achieve monozukuri
innovations, while consciously striving at all times to
share information and achieve overall optimization of
the digital tools.

5. Future Activities

This article has described the activities being
undertaken jointly by the product development and
production divisions to achieve overall optimization
of our digital tools. While this issue pertains
specifically to digital tools, the analog approaches
explained here are crucial for accomplishing
innovations as we push ahead with these activities.
Both groups will continue to work closely together in
this regard in the future.

However, there are still many technical issues to be
addressed, including reducing the massive volumes of
3D data and the sharing of 3D data between products
and production facilities, among other things. The
aim is to accomplish product lifecycle management
(PLM) whereby all data related to monozukuri can
be input and used effectively from upstream to
downstream processes. In that respect, the activities
described here represent just a tiny fraction of the
work involved. In the future, we want to involve the
plants, sales and marketing, and administrative
departments in integrated efforts to achieve
innovations throughout JATCO's entire organization

.
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Summary There is a need to improve experimental
verification efficiency in the development process of
ATs and CVTs, which have become much more
complex in recent years. Toward that end, it is
essential to substitute CAE simulation for physical
testing. At JATCO we are proceeding with activities to
accomplish this substitution, which we refer to as
virtual testing.
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1. Introduction

Virtual testing means substituting simulation for
physical testing, thereby eliminating the need to
conduct tests using physical prototypes. In the course
of developing an automotive transmission, driving tests
are conducted with an actual vehicle as the final stage
of the testing process. Such tests are necessary to
confirm reliability. However, there is an urgent need to
improve testing work efficiency by substituting CAE
simulation for physical testing wherever such
substitution is possible during the development
process.

Virtual testing is aimed at improving efficiency and
basically involves efforts in the following three areas:

(1) Activities to validate CAE simulation as a

substitute for physical testing

(2) Elimination of physical testing for components

and performance

(3) Elimination of physical testing of transmission

control systems in vehicle driving tests
(migrating from vehicle tests to bench tests)

The following sections describe the activities being

pursued in each of these areas.

2. Validation Activities

Validation activities involve the process of verifying
and judging that CAE simulation methods can be

* BASEHRM FHERET
R & D Division Experiment Department
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substituted for physical testing and that it is not
necessary to conduct any tests using physical
prototypes. The following validation rankings are used
in this regard.

0 : Substitution is possible at the level of absolute
values.
1 : Simulation of prevailing values is possible

within the range of application.

: It can be used for tendency analysis.
: Physical testing is required.

The concept behind these validation rankings is
outlined in Fig. 1. It will be noted that validation
judgments are made by the engineering executives
responsible for the testing functions regarding
performance, control systems and components.

3. Elimination of Physical Testing for Components
and Performance

Decisions are made regarding which component and
performance tests can be eliminated by substituting
simulation methods that have been evaluated on the
basis of the validation rankings explained in the
foregoing section. For that purpose, a matrix of
experimental verification methods and simulation (i.e.,
design) methods is accumulated and used to identify
which tests can be eliminated at the time physical
testing is planned. This process is carried out from the
perspective of which tests are essential in order to
prevent potential issues from being overlooked.

If it should turn out that physical testing can be done
faster than the simulation, then virtual testing would
be meaningless. It is important to use an efficient
simulation scale so that the calculations can be
completed in time for the results to be used in the
development process.

Simulation items Judgment

— Iter(r)l #1 Iter:l # Iter; #3 Iter; #4 EEEE;ZT;;{
(validation ranking) 2

Test #1 (@) yeoe g&ﬁng

Test #2 ©)

Test #3 (@) (@) poltesiag

Test #4 (@]

Test #5 O O

Fig.2 Validation matrix for elimination of
physical testing
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4. Elimination of Vehicle Driving Tests for Control
Systems

Development work to optimize shift performance to
match the target model accounts for a large portion of
control system testing. Moreover, much of this work
relies on vehicle driving tests. There is a need to
automate and incorporate virtual testing in the process
of conducting vehicle driving tests.

Toward that end, we are pursuing the following
three-stage process in our efforts to achieve the virtual
testing of control systems at JATCO. Figure 3 shows
the V-shaped process for the development of control
systems.

1. On-line calibration

2. Automatic calibration

3. Migration from vehicle tests to bench tests and

virtual testing

4.1. On-line calibration

On-line calibration involves varying the constants of
the automatic transmission control unit (ATCU)
during driving. At present, hardware-in-the-loop
simulation (HILS) and other simulation tools are used,
but that level of virtual testing is not sufficient to
complete the verification process. In the end, it is still
necessary to confirm control system quality by
checking the system performance in actual vehicle
driving tests.

On-line calibration plays an important role in the
process of varying the ATCU constants during an
actual vehicle driving test.

4.2. Automatic calibration

A key aspect of automatic calibration is to have a
system for automatically determining the evaluation
points. The following steps are performed
automatically to incorporate the targeted performance,
which eliminates the need to conduct vehicle driving
tests.

1. The constants, test conditions and other
parameters are varied using the design of
experiment method.

2. Instructions are given to the ATCU to change the
constants.

3. The evaluation points are found automatically
from the test waveforms.
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4.3. Migration from vehicle tests to bench tests and
virtual testing

A bench test procedure has been created for the
conventional test stand consisting of a transmission
and a dynamometer. In addition, a bench test method
has recently been developed for testing an actual
vehicle on a test stand. Virtual testing is possible with
either approach by creating CAE models of the vehicle
and the engine. At the present time, it is preferable to
test an actual vehicle on a test stand because it
eliminates stand-by time.

The overall configuration of the test system is
outlined in Fig. 6.

Actual vehicle

/ Vehicl_emodel) (vu'rual)
=2

i

Dynamometer control panel |

Vehicle wheel Use of
directly coupled jig

Radiator fan |

Exhaust gas analyzer
Lt ool

Absorption motor

g . bsorption motor
Low inertia motor

Wheel bearing ‘Wheel bearing

Source: Ono Sokki Co., Ltd., Real Car Simulator Manual (in Japanese)"

Fig. 6 Configuration of bench test and virtual
testing system

4.4. Targeted configuration for control system testing

In approximately the next three years, we plan to
substitute virtual testing for vehicle driving tests by
promoting on-line calibration, automatic calibration
and migration from vehicle tests to bench tests. The
resultant virtual testing environment will be combined
with HILS-based control system validation to reduce
the number of man-hours substantially.

In this case, actual vehicle testing and control
software validation using HILS will involve roughly
the same amount of man-hours. It is expected that
overall efficiency will be improved significantly.

5. Conclusion

This article has explained the application of virtual
testing to conventional component, performance and
control system tests. All of these elements are very
complex and exist in manifold varieties. Accordingly,
in order to carry out virtual testing procedures
efficiently, it will be increasingly necessary to make
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Summary Efforts have been promoted under the
V-3P program to implement digital tools in
production processes, ranging from production
preparations to manufacturing operations at the
plants. To date, these efforts have mainly been carried
out only in new product development projects. The
next task is to accelerate the extension and penetration
of the benefits resulting from these efforts. In order to
address this issue, the Manufacturing Strategy
Planning Department is promoting "greater
collaboration with product development” and
"application of digital technologies at the plants." This
article describes examples of these activities.
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1. Introduction

A company-wide program of V-3P activities is
under way to reform our monozukuri processes as one
approach to accomplishing our corporate philosophy
set out in The Jatco Way. For the purpose of achieving
the V-3P program in production engineering, we have
been proceeding with efforts to create a virtual
factory centered on the use of digital tools since fiscal
2004. Digital tools are mainly used in new
transmission development projects with the primary
aim of shortening the time needed to prepare dies,
molds and production facilities. Significant benefits
have been achieved in the front-loading of operations,
eliminating rework and reducing necessary man-
hours, among other improvements.

However, these benefits have been achieved only in
certain limited areas of production preparations. It is
necessary to extend these benefits to other areas in
order to keep up with recent changes in the operating
environment. In terms of "the quality of the benefits
x the area of the benefits," further extension will

PR
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require:
e Improvement of the quality of the benefits
through cooperation with other work areas
 Expansion of the area of the benefits by expanding
the application of digital tools to broader areas
This article describes examples of the following
efforts aimed at expanding the benefits noted above:
(1) Greater collaboration with product development
(2) Application of digital technologies at the plants

2. Greater Collaboration with Product Development

The work of implementing digital tools in
monozukuri processes began with 3D product design.
Various types of simulations using 3D product
models are conducted in production processes for the
purpose of evaluating productivity. The areas where
these simulations are performed include casting,
forging, heat treatment, machining and assembly,
among others. The results obtained are then fed back
to product design and process design as production
requirements. The following are examples of the
activities being undertaken in each area:

* Casting: Analysis of aluminum melt flow and

hardening in casting dies

* Heat treatment: Analysis of pulley shaft bending

during heat treatment

* Machining: Simulations for analyzing tool

interference, process feasibility and required
machining time

* Assembly: Prior validation of ease of assembly

for parts and workability using 3D models

Figure 1 shows an example of an assembly
simulation that is conducted in advance to predict
workability in assembly operations.

From the standpoint of the front-loading of work
operations, it is desirable to feed back the results of
these production process simulations to product
design at the earliest possible stage in the product
development process. An example of this type of
feedback is shown in Fig. 2. In this example, a study
of mixed production was conducted at an early stage
under the assumption that the transmission case for a
different car model was newly added to the existing
machining line. Specifically,

(1) The feasibility of mixed production was

examined by superimposing the 3D data of the
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new transmission case on the 3D data of the
jigs used for fixturing workpieces on the
existing machining line.

(2) A study was made of a case shape that would
allow mixed production, and the result was
proposed to product design as the product shape.

(3) A comparison was made with other proposals
from the standpoint of the required capital
investment in production facilities.

This detailed study of the production requirements
was conducted together with product development
personnel at the early stage of the project, making it
possible to determine the optimum case shape and
amount of required capital investment in facilities.

Similar studies are also done in casting, assembly
and other processes, but at the present time the
simulations are done independently and the results
are fed back to product development separately.
Consequently, the overall production requirements
are not optimized in an integrated manner. In
addition to the problems found in the various
production processes, there are also large issues
concerning the use of different digital tools and 3D
data formats between different work areas. In
conjunction with a review of work processes, other
issues that should also be tackled include the sharing
of 3D data between workplaces, speeding up the
circulation of data and enhancing efficiency.

3. Application of Digital Technologies at the Plants

Digital tools have so far been created mainly in the
areas of product development and production
preparations. Attention is now being focused on
expanding the use of the 3D digital data used in
simulations to include the plants in order to obtain
broader benefits. The main points of this focus include:

e There are already many digital tools that can be
used in improvement activities at the plants,
including a line output simulation program.

The 3D models of products and production
facilities used in product design and production
preparations can be applied to the various forms
used at the plants.

The digital data used at the plants can be utilized
in the next development project as the latest
information.
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The first case of expanding the use of digital tools
at the plants has been for human resources
development. JATCO's Technical Skills School has
already been conducting educational programs for
training workers in various skills such as those for
maintenance and assembly. A study was made of the
possibility of initiating training in digital skills as
one part of the overall curriculum. This study was
carried out under a cooperative division of labor with
the Human Resources Development Department,
which sponsors the Technical Skills School, the
Engineering Analysis Technology Development
Center and the Management Information Systems
Department that are promoting the company-wide
use of CAD. As a result of taking this cross-
functional approach cutting across departmental
lines, all the preparations for starting an elementary
training course were completed in approximately six
months, including course conceptualization,
implementation of the necessary infrastructure and
creation of the training materials.

Fig. 4 Digital Skills Course

Figure 3 shows an overview of the digital skills
curriculum. The elementary course is enclosed in the
red frame. This elementary course is mainly designed
to foster a basic understanding of digital tools (Fig. 4).
The participants are also taught how to use a 3D
viewer, and the curriculum has been designed to make
them feel that learning about digital tools is
interesting and enjoyable. The exercises that they
practice in this course emphasize game-like learning.
For example, one task they are given is to find
operators hidden in an assembly line depicted in a 3D
representation. In the final session of the course, the
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participants discuss the subject, "What should be done
to use digital tools in your own job?" This provides an
opportunity for them to think about how to use digital
tools in their own work (Fig. 5).

Technicians who have taken part in the course
expressed the following opinions:

« "['d like to turn 3D product data into images and try

to apply them to the forms used in my workplace."

e Couldn't 3D product data be converted to images

and used in work skills training?"

It is expected that digital tools will be used more
commonly at the plants in the future.

One task for the future is to initiate an
intermediate course that focuses more on actual
applications of digital tools. Other tasks include the
introduction of digital tools that can be used readily
at the plants and the provision of continuous support.

4. Future Challenges

This article has briefly explained the efforts being
made to create a virtual factory in the area of
production preparations. In the future, we want to
interconnect the digital tools and data that are now
being used separately. We also want to further
strengthen collaboration with product development
and the production plants. One challenge will be the
question of how to optimize the digital technologies
overall. While strengthening cooperation with other
departments, we also want to practice benchmarking
and collect the latest data in order to improve the
digital tools further. We hope these efforts will lead
to better monozukuri processes capable of following
changes in the operating environment.

Hiroki KITAGAWA
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Introducing the JFO11E Steel-belt CVT for Front-drive Cars
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Fig. 1 Main cross-sectional view

Developed under the Renault-Nissan Alliance
project, the JFOI11E CVT is mounted on the new
Renault Megane and Scenic models released in
December 2008. This CVT provides outstanding fuel
economy to meet Europe's stringent regulations on
CO: emissions. It also adopts Adaptive Shift Control
(ASC) that issues suitable shift commands according
to the driving conditions. This achieves driving
performance matching the driver's intentions and the
linear shift feel works to improve driveability as well.
As a result, the JFO11E has been highly popular
among customers.

Table 1 Specifications of JFOI1E CVT

Max. input torque 210 Nm
Control system Electronic
Torque converter size UUF 236 mm dia.
Pulley ratio 2.349~0.394

Gear ratios

Rev. 0.745
Final drive gear ratio 6.466
No. of selector positions 6
Overall length 354.7 mm
Center distance between 197 mm
engine and differential
Wet weight 90.7 kg

B Typical models fitted with the JFO11IE CVT W

New MEGANE

I 106 |
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Introducing the JFO11E Steel-belt CVT for Front-drive Cars

JFOLIE B CVT 13, 2009 4 9 AIZ A AF AL The JFOI1E CVT was first adopted on the SX4
SX4 IZHIOTHEF SN, BE - a3\ r b eikEh, Bh that Suzuki Motor Corporation rolled out in
7R ERE, L AR Y AD RS TS AT September 2009. It has been highly acclaimed for its

lightweight, compact design, outstanding fuel
economy and fast shift response.

In October 2009, application was further expanded
globally when this CVT was adopted on the Kizashi,
Suzuki's flagship model.

2009 410 HI2id 79 v 7Y v 7 EFIVO Kizashi T
57— R E SNTWE T,

Table 1 Specifications of JFO11E

Torque capacity 250 Nm
a Control system Electronic
Torque converter 236 mm dia.
Pulley ratios Low :2.349
High : 0.394
Ratio coverage 6.0
Final gear ratio 5.798
i No. of selector positions 4 (P,R,N,D)
Overall length 354.4 mm
Weight (wet) 93 kg

Fig. 1 Main cross-sectional view

B Typical models fitted with the JFO11E CVT W

alls

SX 4 Kizashi
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Introducing the JFOO9E Steel-belt CVT for Front-drive Cars

'09 4E 7 AR SFTEON — = RHBE () @ The JFOO9E CVT is fitted on the new SM3 model
Za— SM3 IZE#E 72 JFO09E X, v/ — - HEE launched by Renault Samsung Motors in July 20009. It
DT IAT Yy ATOT 27 N UCEETTIS IR S was developed under the Renault-Nissan Alliance

project and introduced in the South Korean market on
the SM3. It has been highly praised by customers for its
velvety shift feel, excellent fuel economy and sporty

N, OISR, BN R, ~ = 2T IV E—
NIZEBAR—T 14— Zilfn e CREREOUFE %

(EASRESR driveability provided by the manual shift mode.

HUM PR M ONE LT RE 2 3R I R S D id 0 F- The JFOOOE has created an opportunity to firmly
BELTCOVT Z@EH I8 A S LTI oT establish CVTs in the South Korean market as the
BhFE$ optimum transmission for satisfying demands for both

vehicle fuel economy and driving performance.

i Table 1 Specifications of JFOO9E CVT

2y sl i Max. input torque 150 Nm
e Max. input speed 6000 rpm
= Control system Electronic
— = _é Torque converter 215 mm dia.
i | - -
'li & Pulley ratio 2.561~0.427
i< i Gear ratios
i BS Rev. 1.02
N ‘ J- n ,l. : > _;{: Final drive gear ratio 5473
il is==SEE
St ¢ I/ No. of selector positions 6
Overall length 361.4 mm
) ) ) ) Center distance between
Fig. 1 Main cross-sectional view engine and differential 186 mm
Wet weight 78 kg

B Typical models fitted with the JFOO9E CVT W

T o R

New SM3
1108 1
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Introducing the JFO15E Steel-belt CVT for Front-drive Cars
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Fig. 1 Main cross-sectional view

The JFOI5E CVT achieves the world's widest ratio
coverage, thanks to its unique structure that combines
a planetary gear auxiliary transmission with a
conventional belt-type stepless gearbox. It has been
highly popular among customers for its quick start-
off response, acceleration performance, improved
quietness in high-speed driving and excellent fuel
economy. The JFO15E is fitted on the Suzuki Palette
that was released in September 2009.

Table 1 Specifications of JFO15E

Max. input torque 160 Nm
Max. input speed 6000 rpm
Max. vehicle weight (GVW) 1280 kg
Control system Electronic
Torque converter 185 mm dia.
Forward
-1y 12.200~0.550
Pulley ratios | (Low-High)
Reverse |Fixed at 2.200
. Forward
Gear ratios Planctary | (I"gear) 1.821
gear rat1os| Forward 1.000
Auxiliary | (2™gear) ’
transmission [ Reverse | 1714
: 1.346/1.178 /
Counter gear ratios 0967
Final drive gear ratio 3.882
No. of selector positions 5
Overall length 343 mm
Center distance between engine
and differential ¢ 172 mm
Dry weight 573 kg

B Typical models fitted with the JFOISE CVT W

Palette SW

1109 I



LN

GM KF Auto & Technology )l FFEEFR4IEAT JFA05E DIEN

Introducing the JF405E 4-speed AT for Front-drive Cars
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Fig. 1 Main cross-sectional view

The JF405E 4-speed AT for front-drive cars was
first adopted on the Matiz, produced by GM Daewoo
Autos & Technology, in July 2002. In August 2009,
the Matiz underwent a full model change and was
newly released as the 1.0-liter Matiz Creative minicar
fitted with the JF405E. This AT now features
coasting slip lock-up control for a further
improvement in fuel economy as well as improved
shift performance achieved with cooperative engine
torque control. It also complies with the requirements
for Korea On-board Diagnostics (KOBD). The Matiz
Creative is being exported worldwide, in addition to
being sold in the South Korean market.

Table 1 Specifications of JF405E

Max. input torque 92.3 Nm
Max. input speed 6,500 rpm
Max. vehicle weight (GVW) 1235 Kg
Control system Electronic
Torque converter 200 PCD
Ist 2914
. 2nd 1.525
Gear ratios 3rd 1.000
4th 0.725
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
Conter divance between 172 mm
Dry weight 504 kg

B Typical models fitted with the JF405E AT [l
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Introducing the JR710E (JR711E) AT for Rear-drive Cars

JR7I0E / 711E 1, ¥ KMV 2 600Nm (JR711E)
F CONRILH IO FH 2S5 HE 7 2411 #) D FR7
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JEKIET Infiniti FX35 750 IO THRHSN, £
Dt b 71— 3V |2 Infiniti EX37, M35, G37,
Fairlady Z, ANA T4, T—HENERIEH SN
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As JATCO's first 7-speed AT for rear-drive cars, the
JR710E/711E has wide applicability to a broad range of
vehicles, with a maximum torque capacity of 600 Nm for
the JR711E version. In June 2008, it was first adopted on
the Infiniti FX35/50 models marketed in North America
by Nissan Motor Co., Ltd. Since then, it has been steadily
expanded to other models that are marketed globally,
including the Infiniti EX37, M35 and G37 and the
Nissan Fairlady Z, Skyline and Fuga.

Besides its wide ratio coverage, this AT also features
low friction, an expanded slip lock-up operation range and
the latest control technologies. It has received high acclaim
in every vehicle model application. As its application has
been expanded to more car models, it has continued to
evolve, including the addition of neutral idle control,
improved lock-up control and other advanced features.

Table 1 Specifications of JR710E

Max. input torque 400 Nm
Control system Electronic
Torque converter 250 mm dia.
Gear ratios Ist 4923

2nd  3.293

3rd 2.042

4th 1411

5th 1.000

6th 0.862

7th 0.771

Rev. 3972
R/C 6.38
No. of selector positions| 4(P,R,N,D)+Manual

mode shift

Overall Length 769 mm
Wet weight 89 kg

B Typical models fitted with the JR710/711E AT W

Infiniti G37

1111

Infiniti FX50
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Introducing the FO3B 4-speed AT for Front-drive Cars
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Fig.1 Main cross-sectional view

The FO3B has won high praise for its lightweight
and compact design as a 4-speed AT for front-drive
cars. Previously, the FO3B has been fitted on various
models exported by Nissan Motor Co., Ltd.,
including the Tiida, Note, Sylphy and Micra. The
following improvements were made in connection
with its adoption on the Nissan NV200, its first
application to a heavier weight class in which a fully
equipped vehicle weighs more than 2 tons.

1. Review of the hardware specifications

2. Optimization of the shift timing and hydraulic

performance

3. Expansion of the lock-up operation range

These refinements have achieved levels of performance
that fully satisfy the customer's requirements.

Table 1 Specifications of FO3B

Max. input torque 160 Nm
Control system Electronic
Torque converter 236 mm dia.
Gear ratios Ist 2.861

2nd  1.562

3rd  1.000

4th  0.697

5th -

6th -

Rev. 2310
R/C 4.1
Final drive gear ratio 4.072
No. of selector positions 6 (P,R.N,D,2,1)
Overall Length 387.5 mm
Center distance 186 mm
Wet weight 68 kg

B Typical models fitted with the FO3B AT ll
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1. Participation in Chigasaki beautification campaign
and early morning cleanup after Atsugi Ayu Festival

Thirty-one JATCO employees and family members
participated in the "Clean Chigasaki" beautification
campaign sponsored by the city of Chigasaki on
Sunday, July 27, 2008 beginning from 6:30 a.m.
Despite the early hour, a total of 1,427 people took
part and collected 2.86 tons of trash along the city's
Hishinuma shoreline. Participants were mainly from
local community associations and included children's
groups, the surfing community and local residents in
general.

Twenty-seven JATCO employees and family
members also took part in an early morning cleanup
activity after the Atsugi Ayu Festival sponsored by
the city of Atsugi. This involved cleaning up the area
in the city where the Sagami and Mikawa rivers
converge, beginning from 5:45 a.m. on Sunday,
August 3, 2008. The previous day that area had been
the site of a large fireworks display enjoyed by
580,000 people at the Atsugi Ayu Festival. A total of
1,724 participants from 72 organizations, including
nearby companies, collected approximately six tons
of trash in the area around the site.
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2. JATCO Mexico's camulative CVT
production reaches one million units

JATCO Mexico, S.A. de C.V. JMEX) held a
ceremony on August 7, 2008 (August 8 Japan time) to
celebrate production of its one millionth CVT. JMEX
is JATCO's local subsidiary in Mexico, specializing in
the manufacture of automotive automatic transmissions
and CVTs. The company is located in the city of
Aguascalientes in Aguascalientes state.

JATCO established IMEX in April 2003 as the
company's first overseas manufacturing facility in a
move to expand production capacity for next-
generation CVTs. That was done to meet the expanding
global demand for CVTs, which are regarded as a key
environmentally friendly technology. IMEX launched
its first production line (JATCO's third CVT line
globally) in November 2005 with a monthly production
capacity of 35,000 units. A second production line
(JATCO's fifth CVT line globally) was launched in
April 2008, raising JMEX's monthly production
capacity to the current level of 58,000 units. JMEX's
products are delivered to America's Chrysler LLC,
Nissan North America, Inc. and Nissan Mexicana, S.A.
de C.V., among other customers.

3. Budding future engineers

The Society of Automotive Engineers of Japan held
Kids Engineers 2008 at Pacifico Yokohama on Friday-
Saturday, August 8-9, 2008, which attracted over 5,000
attendees. This event was aimed at inspiring an interest in
science, technology and manufacturing among elementary
school pupils. Designed to foster the development of the
next-generation of human resources, the event provided

various opportunities for hands-on learning.

JATCO conducted a hands-on classroom to give kids
an understanding of how planetary gears work by
having them assemble scale models. One hundred kids
personally experienced the fascinating technologies
incorporated in automotive transmissions.
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4. JATCO technology at ENE-WAY 2008

ENE-WAY 2008 was held at Port Messe Nagoya in
Nagoya, Aichi over a three-day period from
Wednesday-Friday, August 27-29, 2008. This
exhibition was focused on solutions to various issues
currently confronting companies, including measures
for reducing environmental impacts, energy
conservation, cost reduction and workplace
improvement, among others. The heat monitoring
system JATCO installed for the aluminum casting
furnace at the Kambara plant was featured on the
Solutions Stage as an example of collaboration with
other companies and attracted much interest among
the attendees.

5. Fujinomiya plant receives Chairman's Award
given by Shizuoka Association for Safety
of Hazardous Materials

The Shizuoka Association for Safety of Hazardous
Materials held a convention at the Shizuoka
Convention and Arts Center in the city of Shizuoka
on Wednesday, September 3, 2008 to commemorate
its establishment. Fujinomiya plant received the
Chairman's Award given by the Association, the first
time a JATCO facility has been so honored.

This award is given to individuals or to business
places for ceaseless efforts to prevent accidents and
disasters due to hazardous materials and for
outstanding achievements in promoting the security
of hazardous materials.
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6. JATCO's independent fire-fighting squads
victorious in local training tournaments

JATCO's independent fire-fighting squad (NICS
Security) handily won the championship at the 36th
Independent Fire-Fighting Pump Operating
Tournament sponsored by the Fuji City Fire
Protection Association on Sunday, October 19, 2008.
The JATCO squad garnered its fifth consecutive
championship since the 32nd tournament.

The tournament has categories for fire-fighting
pump trucks and small engine-driven pumps.
JATCO's five-man squad entered the category for
fire-fighting pump trucks and was awarded the
overall championship by the judges for their
leadership, discipline, time and individual skills.

JATCO's fire-fighting squad at the Yagi plant also
took part in the 7th Namba-Funai Independent Fire-
Fighting Training Tournament on Tuesday, October
21,2008 and won the championship.

7. Paper presented at KFPS Symposium

The Korea Fluid Power Systems Society (KFPS)
held an international symposium at the Matsushima
Convention Hall in Incheon, South Korea on
Wednesday, October 22, 2008. An employee of JATCO
Korea Engineering Corporation (JKE) presented a
paper titled "Study on Pressure Control Characteristics
of Solenoid Valves in Automatic Transmissions."

KFPS is a scientific organization that promotes
scholarship and technological development for power
transmission systems and associated control technologies
involving the use of functional fluids such as hydraulic
pressure, air pressure and water pressure and contributes
to the advancement of industries related to these fields.

Since approximately 30 university professors
attended the symposium that day, the presentation
provided a good opportunity to publicize JKE,
promote recruitment and strengthen industrial-
academic activities.
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8. Shizuoka Prefecture Governor's Award for
promotion of science and technology
(distinguished contributions to R&D)

The Shizuoka prefecture awards for the promotion
of science and technology in fiscal 2008 were
presented at the Techno Salon Shizuoka 2008
exhibition, held at the Shizuoka Grand Hotel on
Wednesday, November 5, 2008. JATCO employees
received the Shizuoka Prefecture Governor's award
for promotion of science and technology in
recognition of their distinguished contributions to
research and development. This marked the first time
JATCO Group employees have won this award.

The award for distinguished contributions to R&D
is given to persons who have been engaged in
research and development for many years and whose
research activities have contributed significantly to
society and the economy. The recipients are regarded
as being models for other researchers in Shizuoka
prefecture.

9. JATCO CVTs at 6th China (Guangzhou)
International Automobile Exhibition

The 6th China (Guangzhou) International
Automobile Exhibition was held in Guangzhou,
Guangdong from Wednesday-Tuesday, November
19-25, 2008. Many vehicle manufacturers, including
Dongfeng Nissan and Infiniti, exhibited car models
that fascinated the large crowds of visitors.

The booth of Dongfeng Nissan Passenger Vehicle
Co. displayed CVT panel explanations, showed a
video of a JATCO CVT and presented a model that
illustrated the working principle of a JATCO steel-
belt CVT. These exhibits were intended to popularize
CVTs by emphasizing their environmental benefits in
China and attracted a great deal of visitor interest.
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10. Shizuoka Governor's Award of Distinction
given to an outstanding JATCO technician

A ceremony was held at Shizuoka Prefecture's East
District Labor and Welfare Center (Shimizu Terrsa)
on Thursday, November 20, 2008 to present the
Governor's Award of Distinction to outstanding
technicians in the prefecture. One JATCO employee
was honored with this award.

11. Monozukuri Grand Awards:
New Technology Development Prize

An award ceremony was held at the Tokyo Bay
Ariake Washington Hotel in Tokyo on Wednesday,
November 26, 2008 to present the 3rd Monozukuri
Grand Awards in recognition of outstanding efforts
to promote industry-academia-government
collaboration. A collaborative research project
initiated by JATCO, Kumamoto University and
Kumamoto Techno Industrial Foundation was
selected for the New Technology Development Prize.
The aim of this project is to develop the basic
technology for next-generation, heat-resistant
magnesium alloys through industry-academia-
government collaboration.

Joint research is under way on the technology for
manufacturing large billets, which is currently a
technical bottleneck hindering the practical
application of next-generation heat-resistant
magnesium alloys. JATCO also received the same
award as a company.
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12. Presentations at 7th International CTI
Symposium 2008 in Europe

The 7th International CTI Symposium Innovative
Automotive Transmissions was held in Berlin,
Germany from Monday-Friday, December 1-5, 2008.
This year's meeting attracted about 1,000 attendees
from major automakers, transmission manufacturers
and other companies involved in the industry. Three
JATCO employees gave presentations, including a
keynote address, on the following topics: Fuel
Economy in the Real World; Development of a New
7-speed Automatic Transmission for Midsize and
Large RWD Vehicles; and Strategic Development
Target for Transmissions.

13. Lecture on environmental activities

Nikkan Kogyo Shimbun, Ltd. sponsored a seminar
for its readers at the Shizuoka Industry and
Academia Exchange Center on Monday, December 8,
2009. More than 70 business people from within and
outside Shizuoka prefecture listened intently to a
lecture given by a JATCO employee on the subject of
"How Environmentally Friendly Monozukuri
Operations are Achieved."

This invited lecture was the third in a series given
by companies that have achieved significant results in
their environmental efforts. The first lecture was by
Honda Motor Co., Ltd. and the second one was by
Suzuki Motor Corporation. It provided an excellent
opportunity to publicize JATCO's efforts to reduce
CO:2 emissions in monozukuri operations through
production engineering innovations, recycling and
rebuilding, among other activities. Moreover, it was a
good chance to emphasize that the excellent fuel
efficiency of CVTs translates into a reduction of CO>
emissions at the product level.
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14. JATCO's first-ever double awards at Energy
Conservation Month Award Ceremony

The Energy Conservation Month Award Ceremony
for fiscal 2008 was held at Tokyo Big Sight on
Tuesday, February 10, 2009. Awards were presented
to plants, groups, individuals and others for
outstanding achievements on a national level in
promoting energy conservation in various fields.

JATCO received two awards: the Agency for
Natural Resources and Energy Director-General’s
Award under the Commendation Program for
Excellent Energy Management Factories and the
METI Minister’s Award under the Commendation
Program for Excellent Energy Managers.

This marked the first time in the company's history
that JATCO has received these impressive double
awards. It provided an excellent opportunity to
publicize widely JATCQ's vigorous efforts to
conserve energy and to safeguard the global
environment.

15. JATCO holds outdoor environmental training for
young employees

Outdoor training focused on the environment was
conducted on Friday, February 13,2009 as part of the
Monozukuri School that JATCO has started for
young employees. This training involved cleanup
activities in the city of Fujinomiya and a tour of the
city's garbage treatment center, among other things.

JATCO opened the Monozukuri School in
December last year for the purpose of deepening
young employees' understanding of monozukuri
through personally experiencing all transmission
manufacturing processes, including casting, forging,
molding, machining, assembly, maintenance and
inspection. Another aim is to foster teamwork and to
acquire the manners, morals, and etiquette expected
of working members of society.

JATCO directs concerted efforts toward
beautification of the local environment, including
conducting cleanup activities around the facilities
once a month on the company's independently
designated Environment Day and participation in
cleanup activities on Mt. Fuji. These efforts to
strengthen employees' awareness of the environment
and to protect the global environment through close
cooperation with local communities will be
continued in the future.
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16. Two JATCO employees certified as high-
proficiency skilled workers in fiscal 2008

A ceremony was held on Thursday, March 19,
2009 to present a certificate of certification and a
badge to two JATCO employees who were certified
as high-proficiency skilled workers in fiscal 2008. A
high-proficiency skilled worker is one who can create
high-precision, high-quality products, prototypes and
other items using advanced skills for which there is
no machine substitute, or one who can manufacture
or maintain products of high precision and high
quality equal to or better than the products produced
by machines.

This certification is given under a national system
established in 1998. To date, 996 technicians involved
in auto parts manufacturing have been certified
throughout Japan. Including the latest two, 21 JATCO
technicians have received such certification. These
two technicians were the first in Shizuoka prefecture
to be certified in the category for maintenance of
general, precision and electrical machinery and
equipment.

17. Recipient of Technology Award given
by JSTP's Tokai Chapter

JATCO employees received the Technology Award
among the honors given by the Tokai Chapter of the
Japan Society for Technology of Plasticity (JSTP) for
fiscal 2009. An award ceremony was held at the
Aisin COM Center in Kariya, Aichi on Tuesday,
April 21, 2009. The award was presented for
"effective use of a forming simulation in forging gear
teeth." The citation indicated that this technology
enables qualitative judgment of simulation results
instead of using intuition or hunches, thereby
improving simulation accuracy. The fact that it leads
to the attainment of good quality in a single
production trial was evaluated highly.
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18. Participation in a transmission symposium
in China

The Society of Automotive Engineers of China
held the 2009 International Symposium on
Transmission Innovation and China Market
Development in Shanghai on April 21-22, 2009. This
was its first-ever transmission symposium and it
attracted some 300 attendees from industry,
academia and government.

JATCO was the only Japanese company to give a
sponsor's greeting, a keynote address and a desktop
display, thus making the biggest appeal among
Japanese enterprises in the Chinese market where
AT-equipped vehicles are projected to see their
largest growth in the near future.

19. Paper presented at 2009 SAE World Congress

JATCO employees presented a paper at the 2009
SAE World Congress held at the Cobo Center in
Detroit in the U.S. from Tuesday-Thursday, April
21-23, 2009. The presentation dealt with the JR701E
and JR711E 7-speed ATs for rear-drive cars. It
focused specifically on expansion of the lockup
operating range for improving vehicle fuel economy
and on adaptive shift control for improving
driveability. There was especially strong interest
among the audience concerning the improvement of
vehicle fuel economy. After the presentation, there

was a lively exchange of questions and answers
between the audience and the presenter.
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20. Presentations at MPT 2009 Sendai

JATCO employees gave a keynote address and a
technical presentation at the International Conference
on Motion and Power Transmissions (MPT 2009
Sendai) sponsored by the Japan Society of
Mechanical Engineers in Sendai, Miyagi over a
three-day period from Wednesday-Friday, May 13-15,
2009.

21. JATCO Exhibits at Automotive Engineering
Exposition 2009

The Automotive Engineering Exposition 2009,
sponsored by the Society of Automotive Engineers of
Japan, was held at the Pacifico Yokohama Exhibition
Hall from Wednesday-Friday, May 20-22, 2009.
JATCO's booth centered on CVTs, which are among
the company's mainstay products and are the focus of
much attention as an effective environmental
technology. The theme was "JATCO contributes to
reducing CO: emissions by popularizing CVTs."
Exhibits included cut-away models of JATCO's full
lineup of CVTs, panel explanations showing the
evolution of CVT technology and why CVTs are
effective in reducing CO: emissions, and a working
model of a CVT that could be operated by visitors.
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22. Best Paper Award at the 2009 JSAE Annual Spring Congress

A paper presented by JATCO employees at the 2009
Annual Spring Congress of the Society of Automotive
Engineers of Japan (JSAE) received the Best Paper Award.
The congress was held at the Pacifico Yokohama
Convention Center on Thursday, May 21, 2009. The award
citation read as follows:

"Interest in steel-belt continuously variable
transmissions (CVTs) has been growing in recent years as
a technology that can both improve vehicle fuel economy
for addressing environmental issues and also provide
excellent driving performance. An important issue for
improving the transmission efficiency of CVTs is to
increase the friction coefficient (W) between the belt
elements and pulleys that transmit power without
sacrificing their wear resistance. The authors have made
clear the mechanism producing a high p value through
their meticulous experiments to investigate the pulley
surface roughness condition, which is closely related to the
appearance of high u. Moreover, they have improved the
CVT fluid that forms a boundary lubrication film at the
pulley-element interface by developing a low-viscosity,
high-p lubricating fluid. Tests conducted with a full-size
experimental CVT verified that the combination of the
two resultant effects improves the pulley-element p value
by 20% compared with the current level. Their research
results are expected to be effective in helping to improve
the transmission efficiency of CVTs substantially."

23. JATCO employee granted JSAE Fellow Member status

A JATCO employee was granted JSAE Fellow
Member status at the ordinary general meeting of the
JSAE Chubu Branch on Wednesday, June 10, 2009. The
JSAE Fellow Member system confers this membership
grade designation on regular members who have made
significant contributions to the accomplishment of
JSAE's objectives and to automotive science and
technology. This latest honor brings the total number of
JATCO Fellow Member recipients to eight at present.
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24. JATCO receives Kurumin Mark for efforts to
create employee-friendly workplaces

In June 2009, JATCO obtained the Kurumin Mark
and was certified by the Minister of Health, Labor
and Welfare as a company that promotes efforts to
create a workplace environment conducive to the
healthy birth and rearing of children as the next
generation. In order to secure this mark, a company
must formulate a suitable action plan for its
employment environment and achieve the objectives
set out in the plan. It is necessary to clear certain
standards as prescribed by law such as those
illustrated by the examples below.

@ There must be a system that enables employees

with children to continue working.

@ There must be male employees who take
childcare leave during the period of the plan.

@ The percentage of women taking childcare leave
during the period of the plan must be at least
70% of such women concerned.

As of March 2009, there were only 652 certified
companies in Japan. JATCO was the first company in
the Nissan Group to obtain the Kurumin Mark.
Without becoming complacent about the acquisition
of this mark, JATCO intends to continue to promote
efforts to create workplaces friendly to all employees.
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1. Overview

Company name:  JATCO (Guangzhou) Automatic

Transmission Ltd.

Location: No. 8, Lihong 2 Road, Science City,
Guangzhou Hi-Tech Industrial Development
Zone, Guangzhou, Guangdong, China

Establishment: April 13,2007

Capitalization: Approx. 4.6 billion yen

Business activities: ~ Manufacture and sale of automatic
transmissions and parts and provision
of related after-sales services

Steel-belt CVTs for front-wheel-

drive vehicles

Production mixs:

Production capacity: Approx. 140,000 units/year

Fig. 1 JATCO(Guangzhou) Automatic Transmission Ltd.
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JATCO (Guangzhou) Automatic Transmission Ltd.
(JATCO Guangzhou) was established in April 2007
as the company's production center in China and is
expected to play a key role in the global expansion of
CVTs, representing JATCO's mainstay product lines.
Preliminary production was launched in April 2009
and full-fledged production under a two-shift system
was started in September.

JATCO Guangzhou is JATCO's second overseas
production facility after JATCO Mexico and produces
steel-belt CVTs for use on 2.0-liter class midsize front-
wheel-drive cars. The plant was built at an investment
of 4 billion yen and has an annual production capacity
of 140,000 units. The manufacturing operations
performed in-house are transmission case machining
and CVT assembly. Component parts are obtained
from Japan under knocked-down (KD) supply and also
procured from suppliers in China, Korea, Thailand and
India. The workforce as of September 2009 numbered
approximately 250 employees and will be expanded
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Fig. 2 Growing financial district
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further as the plant moves to establish a system for
producing CVTs at full capacity.

The CVT?2 built at this new plant is a unit noted for
its advanced environmental technologies and is fitted
on the Silvia, Teana, Qashqai and X-Trail models built
by Dongfeng Nissan Passenger Vehicle Company.

2. Local Environment

Guangzhou is China's third largest city after
Beijing and Shanghai, with a population of 10.18
million people in 2008. It is known as an automotive
industry center and is the only city in the world
where Japan's Big Three automakers have all
established production facilities.

Despite the global economic downturn in the
second half of 2008, China's automotive industry
continued to show robust growth. Since March 2009,
monthly new car sales have exceeded one million
units for six consecutive months. Guangzhou's vehicle
production volume is the second highest nationwide,
and the city plays a core role in promoting the
development of China's automotive industry.

Various types of infrastructure are now being
constructed at a rapid pace in preparation for the
2010 Asian Games that will be held in Guangzhou. A
subway line is also being built through the
Guangzhou Hi-Tech Industrial Development Zone
where JATCO Guangzhou is located. When
completed, it will be possible to commute to the plant
from the center of the city.

At JATCO Guangzhou, we aim to expand our
operations further by taking advantage of this golden
opportunity offered by the dramatic growth of the
Chinese market and the rapid development of Guangzhou.

Fig. 3 Shamien's vestiges of the past

3. Introducing Guangzhou

Guangzhou has flourished since ancient times as a
gateway for external trade. Legend has it that five gods
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descended from the sky on rams, bringing golden ears
of rice with them to the area and saving the people from
famine. That gave rise to Guangzhou's nicknames of the
City of Five Rams and the City of Rice Ears. Because
flowers bloom beautifully the year around, Guangzhou
has still another nickname as the City of Flowers.

Shangxiajiu Street in the downtown area retains
the feel of the good old days in Guangzhou, the
history of which dates back more than 2,200 years.
Shamian Island became the foreign quarters
occupied by the European powers following the
Opium War. It retains vestiges of that era which give
a firsthand feeling of the city's history.

Looking at the modern Guangzhou, remarkable
growth and changes in the city's appearance are
taking place amid the ongoing flurry of construction
activity. This is indicative of Guangzhou's ranking
among the top three of China's ten largest cities in
terms of the GDP growth rate.

As for cultural aspects, there is first of all the
popular saying "eating in Guangzhou." One never has
any trouble finding good food, as there is a firmly
established custom of eating out, from breakfast in
the morning to a late-night snack.

Another notable aspect concerns the younger
generation born since the 1980s in China. In
Guangzhou, this generation is especially interested in
Japanese animation (anime) and comics (manga).
Japanese animation is so popular that there are male
and female fans who are as obsessed with anime as
their "otaku" counterparts in Japan.

As described here, Guangzhou has a history and
culture that intermix the old and the new. At JATCO
Guangzhou, we intend to foster the all-around growth
of both the company and the employees in seeking
the origin of monozukuri. The company bears close
watching in the coming years.
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1. Overview

This article introduces JATCO's Kyoto Manufacturing
Department in Manufacturing Division No. 3.
Location: 1, Araki-cho, Uzumasa, Ukyo-ku,
Kyoto, Japan

No. of employees: 377
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Fig. 1 AT assembly line

The Kyoto Manufacturing Department began
producing automatic transmissions (ATs) in 1975,
when the plant was still operated by Mitsubishi
Motors Corporation (MMC). In 1977, it started
manufacturing front-wheel-drive (FWD)
transmissions that were fitted on the Mitsubishi
Mirage. The plant later established a solid position as
a principal production center of powertrain systems,
including engines.

Subsequently, MMC spun off its transmission
division and established Diamondmatic Co., Ltd. in
April 2002 as an independent company, which
merged with JATCO in April 2003. Currently, the
Kyoto Manufacturing Department makes its home on
the premises of MMC's Powertrain Plant in Kyoto
and is engaged in producing transmissions for use on
ordinary FWD and rear-wheel-drive (RWD) vehicles
sold in Japan and in overseas markets.

The Kyoto Manufacturing Department builds three
types of transmissions: stepped ATs and CVTs for
FWD cars and ATs for RWD cars. For the Japanese
market, these transmissions are mainly mounted on
the Mitsubishi Colt, Lancer, Pajero and other models.
They are also are fitted on various car models that
are shipped to many markets around the world,
including North America, Asia and Southeast Asia
(China, Taiwan, Malaysia, Thailand, etc.) and Europe

* RISV

Kyoto Manufacturing Department, Manufacturing Division No. 3
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(Germany, the Netherlands, etc.).
2. Main Features

One of the distinguishing features of the Kyoto
Manufacturing Department is that it has the world's
first mixed production system for the assembly of
stepped ATs (FA4) and CVTs (FC1) for FWD
vehicles. This mixed production system was achieved
because both the FA4 and FC1 units share certain
common aspects since they are used on the same
vehicles. These include the same position of the
power-transmitting shaft, engine interface and type
of transmission fluid used.

The production facilities also incorporate various
features that support mixed production. The FA4
assembly line that served as the basis of the mixed
production system has facilities that were originally
developed around a mixed production concept. The
assembly pallets used can accommodate diverse
transmission models. Numerous robots are installed
that can easily be adjusted to handle various bolt-
tightening positions. Variable pitch conveyors are
also used to avoid any deterioration of production
efficiency when different transmission models are
sent along the same assembly line.

Another distinguishing feature that can be cited is
the high rate of parts commonality. Prior to the start
of mixed production, the FA4 assembly line was
already assembling 4- and 5-speed ATs which have
large structural differences. One factor making that
possible was the high rate of commonality among the
various parts used. That made it possible to secure
sufficient space alongside the line for storing parts
and to ensure ease of assembly, among other things.
In addition, the RAS transmission that was
subsequently developed for RWD vehicles shares
many parts with the FA4 unit for FWD vehicles. That
commonality contributes to easier parts procurement
and helps to stabilize quality.

3. Introducing the Local Area

Kyoto is located in a basin surrounded by
mountains on three sides. With a history dating back
1,200 years, the city has nurtured a rich and diverse
culture. Streets in the center of Kyoto are laid out in a
grid pattern, and there are over 2,000 Shinto shrines
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and Buddhist temples scattered throughout the city.
Notable examples include the Kinkakuji Temple
(Golden Pavilion Temple) that typifies the Kitayama
culture of the Muromachi Period in the early 15th
century, the Nijojo Castle and the Katsura Rikyu
Imperial Villa. All three have been designated as
UNESCO World Heritage Sites, as have many other
Kyoto attractions.

Kyoto is a city of history and of tourism, attracting
many tourists from throughout Japan as well as from
countries around the world. Furthermore, it is a city
of scientific research home to 37 universities and
junior colleges.

Many festivals are held as annual events that
showcase the seasons in Kyoto and deeply impress
visitors. These include Kyoto's three big festivals: the
Gion Matsuri (Gion Festival) when gorgeously
decorated Yamaboko floats are paraded along the
city's broad avenues, the Aoi Matsuri (Hollyhock
Festival) and the Jidai Matsuri (Festival of the Ages).
Other festivals like the Gozan no Okuribi (Five
Mountain Bonfires) and Kurama no Hi Matsuri
(Kurama Fire Festival) are also well-known.

The elements of the four seasons are also
incorporated into people's lives in a variety of ways.
Summer is noted for "uchimizu" (sprinkling water on
the streets) and eating on "noryo yuka" (a wooden
terrace for enjoying a cool evening breeze) extending
out over the Kamo River. Kyoto's traditional wooden
houses called "kyomachiya" were also built to be
well-ventilated by natural breezes. Thus, Kyoto is a
city where both the old and the new are beautifully
harmonized in everyday life.

Fig. 4 Katsura Rikyu Imperial Villa
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controls a line pressure to be supplied to a shift
control valve for controlling a fluid pressure to a
primary pulley, and a secondary pulley, in
accordance with an estimated input torque to the
continuously-variable transmission, and an input
torque estimating section to determine the estimated
input torque in accordance with a speed ratio and a
torque ratio of the torque converter. The input torque
estimating section checks if the decreasing rate of the
torque ratio is greater than a predetermined limit
value. If the decreasing rate is greater than the limit
value, the input torque estimating section imposes a
limitation on change of the torque ratio in the
decreasing direction.
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2. Method of checking sprocket attachment and
sensor jig used for same

(Fig. D
Application Number: 2004-256005
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Patent Number: 4095596
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Title: Method of checking sprocket attachment
and sensor jig used for same
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Manabu Sato (Jatco Mexico)

[(B#9]

A7y MOSIERALE ) AT S22 L &
EITHERT 5.

(FEBADIBRK]

RNV ART) 750 2 E AL/ T A7 a7y
k40 AR Y T HN— D EER 34 1ZH LA A
7%, BYHEE 10 DR 12 OIED B 1, 14
% PR 34 OuIE 38 124X, B 13 &SFEATIC
BENRETH 5L EHITENIL 18 DI I/
7L =M 17 DT R—IVRT ) 750 D h
531 EA. BB, A 12 B2, AELT
FCiE SN7-58 5685 22 L2688 23 L2 2 5.

(ER - 3R]

RVT Y A707 9 b 40 SAANVKR Y 7123 LCIE
BB WE R, 308 22 L30tds 23 oG
BLAE T L—h17 25D, EBETHIUL
FEIAL I8 2V L 112 A, ThIT LD, =)tds
22 POOZNEFTOFELHER TSI LT, HEIW
(ZHO) AT IREE D B AS 5.

1 1341

[SUMMARY OF THE INVENTION]

After a driven sprocket 40 into which a ball
bearingv50 is press-fitted is pushed into a cylindrical
portion 34 of a pump cover, a sensor jig 10 is set so
as to have its legs extending from a base plate 12 in
contact with an end face 38 of the cylindrical portion,
and a front end of a sensor plate 17 movable in
parallel with the leg 13 in contact with an end face 53
of the ball bearing. When the driven sprocket 40 is
not in a normal position in relation to the oil pump,
the sensor plate 17 intersects a light path between a
light-emitting device 22 and a light-receiving device
23 placed as opposed to each other on the base plate,
and on the other hand, when the driven sprocket is in
a normal position, a light-passing hole 18 formed in
the sensor plate comes on the light path between the
light-emitting device and the light-receiving device.;
Thereby it can be automatically determined based
upon absence or presence of an optical signal from
the light-receiving device whether or not an
attachment state is appropriate.

40

37

Fig. 1
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JATCO Paper Receives Outstanding Technical Paper Award at 59th JSAE Awards Program
Improvement of Steel-belt CVT Transmission Efficiency

by Improving Element-pulley Friction Coefficient

's New Technology Program for Prevention of Global Warming Metal CVT belt - [RSNR
The aim of this work was to enhance vehicle fuel economy by 2% as a result of improving the

friction coefficient (u) between the belt and pulleys of a steel-belt CVT by 20% over the current
level. The p value was improved by controlling the pulley surface roughness and texture, including Elements

applying a micro-groove surface pattern, and by improving the additive package of the CVT fluid. Steel-belt Steel belt

A
Higher 1 attained by controlling pulley surface texture Element
e —————

Pulley

Test pieces having different surface textures were prepared by using various machining methods
and their p value was evaluated. The results showed that mirror-finished pulley test piece A
displayed approximately a 14% higher p value than the conventionally ground test piece. The
mechanism producing a high p value, which is strongly related to the density of roughness asperity
summits (Dsum), was also revealed. A high asperity density reduces the amount of asperity
compression in the area of contact, thereby mitigating the influence of the effective hardness of the

base material and resulting in a higher p value. Torque transmission mechanism

N
T =2uNr

| Striation Type Cyclic Striation Type & & | Random Type = 0.13 e Ground
- = 3 : ) - ® Shot Peened
0.13 M!rmr f‘"“"ﬁeﬂ é
- ' .. Mirror Grinding A Mirmor finished C
Z Mirror Grinding C / =
S - :g 0.12
S 012 —8—a— g
L . . 2 S — S
Grinding Hard Turning Shot Peening s ¢ - . - S
z | Mirror Grinding B M
g £
Fine Striation Type Fine Striation Type 2 \ 2011
. @ 01— &
S n o El
2 w Grinding
ES
0.10 - - . . 0.1
- 0 2000 4000 6000 8000 0 1 2 3
Mirror Grinding A Mirror Grinding B Mirror Grinding C Distance[m] Dsum at initial state [m”x10"]

Test piece surface textures

Relationship between sliding distance and p for Friction coefficient vs. Dsum
test pieces with different surface textures

D i
High-u CVT fluid with lower ViSCOSitz

A high-u CVT fluid (A5S) that provides both strong wear resistance and a high p value was developed by A5S has larger white areas
improving the additive package. The A5S fluid has higher reactivity than the commercial NS-2 fluid and
forms a boundary lubrication film over a wider area, enabling it to display a higher p value. In addition, by
carefully selecting the base oil and viscosity index improver, we also developed the A5SV8 fluid that has

lower viscosity, corresponding to a temperature difference of approximately 15°C. Condition of sliding contact surface of element

Friction coefficient

White areas contain a lot of Ca and P and Boundary lubrication film formed by
form a boundary lubrication film of about additives is thinner in the black areas. Depth
Conditions: 110°C.0.5m/s,1200N 1000 100 nm in thickness. to the base metal is 20 nm from the surface.
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21%UP

A
Validation of effects using actual CVT belt and Eullezs o

1 Mirror grinding A + ASSV8 b
+ Grinding + NS2

The combination of mirror-finished pulley test piece A and the A5SV8 fluid was
compared with the conventionally ground pulley test piece and the NS-2 fluid using
a belt box test rig. The torque capacity of the former combination was found to be
21% higher, which is equivalent to approximately a 21% improvement in the p value.
When the pulley pressure was adjusted so that the torque capacity would be equal
to that of the conventionally ground pulley test piece and the NS-2 fluid, it was found
that the belt-pulley transmission efficiency was improved by approximately 2%.

0 100 200 300 400 500
torque [Nm]

Comparison of torque capacities measured with the belf
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