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Technological Development and Innovation

Yesterday, Today and Tomorrow
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President Shigeo ISHIDA

The 4-speed automatic transmission (FO3A
model) produced at the Kambara Plant for use on small
cars reached cumulative production of 10 million units at
the end of March 2007. That milestone was attained in
eighteen years since production was launched in 1989.
On the other hand, production of Mitsubishi Motor
Corporation's first automatic transmissions, which we
were producing as our 3- and 4-speed gearboxes (F3A2
and F4A2 models), ended in June 2007.

Meanwhile, the production volume of belt-
type continuously variable transmissions (CVTs), which
we began building in fiscal 1996, has continued to
expand every year. Annual production in fiscal 2006
totaled 1.14 million units, surpassing the one-million
mark for the first time. Including the transmission
production of JATCO Mexico, our annual production
volume totaled 3.9 million units in fiscal 2006, over
one-fourth of which were CVTs.

As these figures illustrate, the transmissions
that have been our mainstay products over the years and
have been favored by many customers are giving up
their leading role to CVTs and new automatic
transmissions such as 6-speed gearboxes.

It goes without saying that the current CVTs
and 6-speed automatic transmissions are not perfect
products at this point, but need further continuous
improvement, just as was the case for our 4-speed
automatic transmissions previously. There are signs that
the relatively long model life of transmissions is also
being shortened. This means that we must not forget the
need to simultaneously prepare for the creation of our
next generation of mainstay products.

"Today does not represent a continuation of
yesterday, and there is no way of knowing whether
tomorrow will be an extension of today." The same
thing also applies to our work.

The way we do our jobs is a combination of
what we were taught by our seniors and our own
improvements and "kaizens". Through advances in
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computer technology and network technology, our work
methods have changed profoundly, both in our
monozukuri (manufacturing) workplaces and in our
R&D workplaces.

Against this backdrop, we are now promoting
what we call "V-3P" to radically reform our work flow
and processes so that "they are concurrently carried out
globally and cross-functionally”. This includes product
planning, cost control, design, prototyping, testing,
production preparations, manufacturing, inspection and
quality control related to our monozukuri.

Put simply, our previous work methods that
tended to be functionally oriented are changing under the
impact of information technology (IT). We now do our
work in collaboration with other departments in ways that
transcend functional divisions or through cooperative
endeavors with related people inside and outside the
company on a global basis. And in the process of this
reform, we are seeking to create new value.

In short, "if we stick to our current work
procedures, we cannot expect to cope with tomorrow's
changes or to create new value."

In the course of such changes, what is most
important for the future growth of ourselves and of the
company?

Is it technological development? Naturally,
technological innovation is also essential. But that is not
the only important thing. Is it management strategy?
That too is vital. Is it improvement of our production
workplaces? Of course, that is absolutely necessary.
However, all of these things are simply tools.

The most important thing is the ultimate
objective of our work. And that is to provide our
customers with extra value in some form such as greater
convenience, economy, comfort or satisfaction, among
other things. | believe it involves the question of how
each of us can contribute to the creation of such value.

Keeping this in mind, we redefined our
corporate philosophy in 2005 in what we call "The Jatco
Way". And we set as JATCO's mission the creation and
provision of value for our customers, automotive culture
and society.

If we change our way of thinking so that we
identify value for our customers and do our work to create
that value, | think our work methods will be reformed as a
matter of course. That means exactly technological
development and "kaizens" in the workplace. Take the
problems you are now facing and consider them in the
context of technological development and innovation for
the sake of creating value for our customers. In doing so, |
believe you will come to see different approaches and
solutions to those problems. And that will be the very
source for creating tomorrow.
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—The Role of the Corporate Philosophy in Corporate Activities —
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1. Corporate Philosophy as a Key Management Factor

What role does a company's corporate
philosophy play in its corporate activities? Future-
oriented or farsighted companies that produce
outstanding results are often called excellent companies
or visionary companies. It is well known that such
companies have their corporate philosophy at the core of
their management policy as a norm for decision-making
and management strategy. “?

Companies that have long been admired as a
model for others in terms of results, values, ethics and
other aspects all position their corporate philosophy as a
key management factor, making full use of its spirit in
their actual business workplaces. Management based on
the corporate philosophy creates value for the lasting
success of the organization.

2. JATCO's Corporate Philosophy: The Jatco Way

At JATCO, we established The Jatco Way as
our corporate philosophy in 2005. The Jatco Way
comprises the four elements of mission, vision, value and
principles, which are expressed in easy-to-understand
language so that they can be shared by all the employees.

2.1. Mission

Our mission is "to provide value to our
customers, automotive culture and society
through our corporate activities," which involve the
provision of transmissions to automakers. Fulfilling this
mission also constitutes the raison d'etre of our company.
What is the value that we provide? Naturally, it means
the high reliability, innovativeness and safety of our
products. It also calls to mind the proper discharge of our
duty to pay taxes, efforts to maintain and expand
employment, protection of the global environment, and
other things that we do through the execution of our
corporate activities. Our mission is to continue to provide
such value so that our existence becomes indispensable to
our customers, automotive culture and society.

2.2. Vision

Vision constitutes the direction and specific
objectives the company aims to achieve over the medium
to long term for the purpose of accomplishing our mission.
We have defined our vision in terms of "fine products
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Why are we here?

Fine produots by fine operations
Wiferé are we going? (The best produets in the world by
the smoothest operations)
's fine nd

How do we beh VEOperadnn Culture) .
“ “The Jatco Way”

Accomplishing the mission together
by working “The Jatco Way".

The Jatco Way
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by fine operations (providing the best products in
the world by the smoothest operations)" in order to
provide our customers with the highest value in the world.

By producing value that exceeds customers'
expectations and creating products that meet the needs of
the automotive market, our transmissions will be one
decisive factor in users' selection of a vehicle. When we
can proudly offer our work and products to customers,
automotive culture and society, we can take great pride
in our company, products and ourselves personally.

2.3. Value

Value refers to the basic ideas that we should be
most mindful of in order to accomplish our vision, specifically,
"JATCO's fine monozukuri (i.e., the art and
spirit of making things) and human resources
development." JATCO is a monozukuri company. In
order for us to continue to provide value to our customers,
automotive culture and society, all employees should be
personally aware that they are right now responsible for
Jatco's monozukuri in the company's monozukuri
workplaces. Fine monozukuri means monozukuri that
creates value and monozukuri that results from
cooperation by all departments. We must continue our
efforts to accomplish fine monozukuri by striving to
collect accurate information about the automotive market
and technological trends. Toward that end, it is essential
to develop people who combine a passion for innovation
with ample knowledge and experience. All employees
should always bear in mind that every individual must
personally strive to hone their abilities, enhance value and
be able to act effectively in a cross-functional manner.

.. <o The Jatco Way
Principles 3

How do we behave?
Not being satisfied with the current conditions, and making further
progress in the areas of consciousness, operations, and culture.

1. Innovations of consciousness
1) Challenge
2) Profit focus
3) Customer focus
2. Innovation of operations
1) Skill (Outstanding technologies and capabilities)
2) Flexibility
3) Speed
4) Front-loading
3. Innovation of culture
1) Open and fair
2) Teamwork
3) Engaged (on-site, hands-on, and practicality)

Principles
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2.4, Principles

The principles indicate how every employee
should act on the basis of our shared fundamental value.
The principles set forth in The Jatco Way consist of
"innovations in the three areas of consciousness,
operations and culture" and ten key related terms.
Constantly challenging ourselves to undertake new
endeavors, with a broad perspective and without sparing
efforts to make continuous improvements for attaining
ever higher goals, will lead to the self-fulfillment of
every individual employee

3. Background Behind the Establishment of The Jatco Way

At JATCO, we have traditionally listened to
the needs and wants of our customers and worked
together with them to develop and deliver transmissions
in a timely manner. Our transmissions contribute directly
to the fundamental performance of vehicles in terms of
going, turning and stopping abilities. The toroidal
continuously variable transmission (CVT) is a highly
innovative gearbox that existed in theory for a long time
but was difficult to translate into reality. JATCO was the
first in the world to successfully develop and mass
produce toroidal CVTs and large-capacity belt-type
CVTs. Both of these accomplishments attest to JATCO's
technological capabilities and high reliability.

Additionally, we have also focused concerted
efforts on developing advanced environmental
technologies. We consciously aim to achieve zero-
emission monozukuri operations by promoting the 3R's
of reduce, reuse and recycle. In this regard, we are
reusing aluminum in our materials processing
departments, using oil-free cutting fluids and reducing
the amount of thermal energy consumed, among other
measures too numerous to enumerate.

As the foregoing discussion illustrates, in
looking back on the history of monozukuri at JATCO to
date, it is clear that the DNA of monozukuri has always
been solidly accumulated within the organization. The
Jatco Way was given concrete form in recognition once
again of the fact that monozukuri valued the viewpoint
of the customer is JATCO's lifeblood and also to cherish
it as such in the years ahead.

4. Toward the Attainment of JATCO's Vision

4.1. Approach to accomplishing our vision

Like the excellent companies mentioned above, at
JATCO we also position our corporate philosophy as a key
management factor. The corporate philosophy illuminates
the direction we should take and provides judgment criteria
when formulating all of our various plans and in carrying
out our daily tasks. This extends from company-wide plans,
such as our medium-term business plan, annual business
plan, product plan and new technology development plan, to
the respective operational plans of the functional divisions
and those at the department and section level. Such plans are
executed on the basis of management by objectives in
proceeding with our daily operations in order to accomplish
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JATCO's vision of providing "the best products in the world
by the smoothest operations.”

4.2. Changes demanded of monozukuri

As Takahiro Fujimoto, professor of Tokyo
University,® has pointed out, industries involved in
automobile manufacturing are typical examples of
"fitting-type industries." Japanese companies continue to
maintain strong international competitiveness with
respect to the speed of new product development and
high levels of product reliability and quality. However,
expectations of monozukuri have also changed
considerably in nature in recent years as a result of
changes in market needs and the environment.
Specifically, there are heightened requirements with
respect to the added value of customers' software and
services. Additionally, counties like China and India
have emerged which have superior cost competitiveness.
In order to cope with these changed circumstances, we
are being pressed to greatly change the paradigm of our
monozukuri technologies. The V-3P program that is the
focus of a special feature in this issue is one example of
our response to such challenges.

5. Concluding Remarks

Peter Drucker® wrote that the essence of a
company's competitiveness lies in innovation and
marketing. For a monozukuri company like JATCO, there
is no question about the importance of innovation. While
technological capabilities underlie the creation of
innovations, people are the ones who actual create them.
The Jatco Way is the company's message to the employees
and also a source for innovation. We are confident that the
V-3P program described in the special feature in this issue
will lead to the attainment of the company's vision through
the development of our human resources.
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Summary JATCO has implemented an innovative
monozukuri (i.e., the art and spirit of making things) program
called V-3P, aimed at shortening the devel opment period and
preventing any rework due to problems that arise in the
development process. The key points of the V-3P program
are cross-functional teamwork and a front-loading approach
to work. The tools of V-3P include a wedlth of accumulated
knowledge and virtual product development supported by
effective use of CAE techniques. The initiation of the V-3P
program has changed the employees mindset regarding their
work and has promoted a better understanding of each other's
jobs. As a result, it has dramatically improved
interdepartmental communication and cooperation.
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1. What is V-3P?

It stands for Value Up Innovation of Product
Process Program. The aim of this program is to build
innovative monozukuri processes by using information
technology (IT) and standardized methods to improve
the ways in which work is done. The V-3P program
extends across product development, manufacturing,
procurement and quality assurance.

2. Background Behind JATCO's Introduction of V-3P

The V-3P program was initiated with the
principal objectives of shortening the development
period and preventing any rework from the product
planning stage to the launch of production. Behind this
program lies the ever quicker pace of change in user
needs and social circumstances. That makes it vitally
important for the enhancement of marketability to
shorten the time from the finalization of product
planning through development to the launch of mass
production. Moreover, since the extremely tight schedule
must be carried out without any delays, mistakes are not
allowed in the middle of the development process.
Therefore, it was decided to implement V-3P in 2002 as
an innovative monozukuri program.

3. Relationship between The Jatco Way and V-3P

One of the major objectives of V-3P is to
develop products that better fit customer needs by
improving our development capabilities. Toward that
end, it is essential to make maximum use of our
accumulated expertise and to boost development work

_ 12_
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efficiency so that engineers can spend more time on pure
research and development activities. By standardizing
work procedures as much as possible, engineers can
focus solely on work that truly has value and strive to
improve productivity.

We are pushing ahead with V-3P in order to
translate The Jatco Way, representing the company's
corporate philosophy, into concrete realities in the form
of "the best operations in the world" and "the best
products in the world."

4. Aims of V-3P

The program's fundamental aims are to shorten
the development period substantially, to improve
efficiency by reducing man-hours, development costs
and capital investment in facilities, to reduce rework and,
in turn, to make it easier to achieve the quality required
by our customers. To accomplish these aims, the
following three goals have been set as priority targets for
the medium term.

A. To reduce design changes to zero following the
official design release

To shorten the time for preparing dies, molds and
facilities

To achieve the desired product quality in just one
production trial

B.

C.

5. Approach to V-3P

Under this program, we adopted a method
whereby all the departments involved, from the product
planning stage through design, prototyping and testing,
production engineering, manufacturing, parts
procurement and after-sales service, consider and
determine the requirements together and simultaneously
so as to avoid any rework later. In other words, we
instituted ways of doing our work efficiently under a
system of cross-functional teamwork, which is
completely different from the previous approach where
each department proceeded with its own work
separately.

Specifically,
e The people involved in product planning, cost
planning, procurement and sales meet to determine
the specifications at the product planning stage.
Part designs are executed by designers and process
engineers, or designers from parts suppliers, working
at the same drawing boards.
Emphasis is put on continuous cross-functional
teamwork by strengthening flexible cooperation among
departments and among people at different locations.
Such work process innovations are possible by
sharing know-how and methods as common knowledge
among related departments, thanks to more advanced
and lower cost IT systems, typified by computers, and
further progress in standardizing work procedures in
each department.
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Reducing the development period and allowing time for

development of elemental technologies and product plans facilitate:

M Embodying as many new technologies as possible

Following changes in surrounding conditions and
compliance with regulations.

M Meeting customers needs
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Fig. 1 Why V-3P is necessary

Virtual Development

———
1 Caleulation

| Dynamo Testing
| Part Testing.

iSimultanecusly]|

- /s | 3t1? Confn;ll'lution
1 of Assembly ”
Meet process requirement
Die, facilities, & Workability /Knowledges = Know-how
quality requirements and o
costrequirements | Feedback

vertica

of Production

mg.
E

evice
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6. How to Perform Jobs? How Have Jobs Changed?

Changing the work style from feeding back to front loading

Under V-3P, we strive to build good products
right from the beginning by fully eliciting the wisdom
and knowledge of every department beforehand, instead
of feeding back problems after something has been built.

In gearing up for production, 3D tools are used
to determine the production line layout early on. This
makes it possible to discover problems in advance and to
feed that information back to the part design or tool
design process, rather than feeding back problems after
the production facilities are in place.

Changing from physical to virtual models

One of the ultimate goals of V-3P is to
determine specifications by using CAE tools and without
building physical models. We aim to confirm the
specifications by promoting virtual testing and
minimizing the use of physical models for confirmation.
Toward that end, we are now proceeding with
development work in which a digital lot is defined for
validation using 3D data, prior to the physical lot
involving confirmation by building an actual model. By
executing this process properly, we can determine the
specifications with just one prototype unit.

Changing from sequential to concurrent work

A system for preventing rework through a
concurrent work process has now reached the
operational stage. Under this system, all the related
departments share their information and knowledge in
common so that the specifications, costs, suppliers and
other matters are decided simultaneously. Examples of
its application include incorporating production
requirements in design specifications from the

Fix problems
n advance

Work Load

V-3P

Find problems m advance

P Former development process

Development
start

V-3P Development period

Design Start of tart of
release for production: production
mass V-3P wrent
production development

process

Reduced period

Former development period

Fig. 3 Product development approach to Frontloading
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experience with hard-to-build designs, and working
together with the same parts supplier from the start of
development through mass production.

7. Results to Date

The biggest effect stemming from the
implementation of V-3P is the change in the mindset of
the employees regarding their work. Some specific
examples are given below.

e The previous notion of upstream and downstream
work processes has disappeared. As a result,
employees now actively participate in the process of
determining specifications, rather than just waiting
passively.

e The idea that just doing the work in one's own
department is sufficient has disappeared, resulting in
a better flow of information and a dramatic
improvement in interdepartmental cooperation. In
short, product development, production engineering,
manufacturing and other departments try to
understand each other's work. They now think about
ways in which each other's work can be made easier.

e In line with global procurement today, the production
control department has begun to examine ways of
obtaining quality information in advance and of
managing parts suppliers from the beginning of a
project.

Naturally, this change in the employees' mindset is
not the only result.
The following are some specific examples of
tangible results.
Development costs and capital investment in
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facilities are beginning to be reduced significantly.
It is expected that preparation costs before
launching production can be substantially reduced.

8. Future Issues

There is a solid sense that work procedures
and also the employees' mindset are definitely changing.
However, in order to strengthen the momentum of V-3P,
it is necessary to draw upon our accumulated knowledge
to promote a more direct, breakthrough work style that
encompasses every process from product development
through production on the shop floor. That effort is
precisely what will promote "the world's best operations
based on JATCO's fine monozukuri" as spelled out in
The Jatco Way.
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1. Environment Surrounding the Automotive Industry

Owing to recent changes in the global
environment, the requirements being placed on the
automakers today can be broadly categorized as : (1)
contributions to addressing global warming and other
environmental issues, (2) enhancement of safety in
collisions, (3) improvement of reliable quality, (4)
reasonable cost and (5) satisfaction of customer needs. The
continued existence of an automaker may be jeopardized
unless it successfully addresses these requirements in global
competition with rival companies. Nor can JATCO survive
as a transmission manufacturer unless we contribute to
meeting these requirements. If we replace them with our
challenges, we must (1) achieve lower fuel consumption, (2)
downsize and lighten our transmissions, (3) improve quality,
(4) reduce costs and (5) shorten the development period.

2. Activities of the R&D Division

2.1. Overview of activities

Against this backdrop, we have initiated a
concurrent engineering program in which product
development work proceeds simultaneously throughout
the company. This program is aimed at shortening the
development period from engineering to production and
at improving quality. We are implementing innovative
improvement activities to address the five challenges
mentioned above in concrete terms.

Specifically, our goals are (1) to achieve zero
design changes after the official design release, (2) to
shorten the time for preparing dies, molds and facilities
and (3) to attain the desired product quality in just one
production trial at the plant. Key performance indicators
(KPIs) have been defined for evaluating the results of our
work, and concrete numerical values are substituted for
use in managing our everyday activities.

To accomplish these three goals, we are
moving ahead with an activity called Value up innovation
of Product Process Program (V-3P). This program
extends across product development, manufacturing,
purchasing and quality assurance. It is aimed at building
innovative monozukuri processes by using information
technology (IT) and standardized methods to improve the
ways in which work is done. As a result, we intend to
shorten development lead time, improve efficiency and
reduce rework substantially through V-3P activities.

" gogooooogogg ooo
Structural Component Experiment Department
System Design Department
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In the past, the R&D division tended to think
that product development was their job until the design
drawings were released, and other departments were apt
to think that their work began after the official design
release. As a result, manufacturability was not confirmed
until after the drawings became available, giving rise to
the problem that some aspects of a design could not be
built or were difficult to build, so information had to be
fed back for changing the design. The reason why this
cycle often occurred is that the knowledge of the
production engineering division regarding
manufacturability was not shared with the R&D division.

In carrying out the V-3P program at JATCO,
we are proceeding with company-wide cross-functional
activities as well as systematic working group activities
concentrated in each specialized field (Fig. 1). The
following sections describe the activities of the
computer-aided engineering (CAE)/experiment group,
the working group for innovation in control system
development and the working group for promoting
knowledge-based engineering (KBE).

2.2. Activities of the CAE/experiment working group
This working group is promoting activities to
substitute design validation by computer simulation for
validation by physical prototype testing, which has
traditionally been the mainstream approach. This
involves combining so-called virtual data, i.e., three-
dimensional (3D) shape data, with experimental data for
explicating the related mechanisms. Teams of specialists
then perform simulations and develop the structures. This
facilitates easy manipulation of complex parameters as
well as model changes, things that are difficult to do
experimentally, enabling studies to be automated and
completed much faster. As a result, it greatly helps to
improve development work accuracy and efficiency.

In tandem with this progress, the nature of
experiments is changing from the conventional
confirmation type to a more analytical style for explicating
areas that have been hard to treat theoretically or
numerically. Accordingly, we are challenging ourselves to
develop more sophisticated measurement and visualization
technologies. In the area of product development, efforts
are being made from broader perspectives to set targets
from the standpoint of our valued customers and optimal
standards based on their ways of using our products. We
are undertaking bold challenges to create a new product
development style, propelled by the dual drive wheels of
CAE and experiments.

2.3. Activities of the working group for innovation
in control system development

As its name implies, this working group is
moving forward with various initiatives to promote
innovations in the way in which control software for ATs
and CVTs is developed. One notable example here is to
change the work procedures centering on model-based
development (MBD) activities, as this approach has been
extensively pursued in recent years. Another specific
example concerns activities for improving the
educational program for effectively acquiring the skills
needed for MBD.
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In the conventional development style, there
were many times when insufficient study accuracy at the
stage of examining the control concept was not detected
until the process of in-vehicle validation in the latter half
of the development cycle. As a result, that caused an
increase in product development man-hours due to
rework that extended across many operations. To avoid
that, the MBD approach has been adopted in an effort to
facilitate a detailed validation in every process in a timely
manner so as to shorten the feedback cycle.
Consequently, the control concept is now being examined
more accurately at the initial design stage, which reduces
the amount of rework extending across the entire cycle
and thereby boosts development work efficiency.

As for the educational program, the skills
needed in every development process and the methods of
using the necessary tools were made clear. The program
was then systematically organized on that basis, and steps
are taken every year to enhance the results of the
educational program.

24. Activities of the KBE working group

This working group is engaged in activities to
promote efficient monozukuri operations through the
systematic utilization of known knowledge. Toward that
end, the group is using IT to create a wizard-like NAVI
system that serves as a navigation tool for using
accumulated knowledge effectively.

The term knowledge encompasses a wide
range of things such as wisdom, expertise, know-how and
information related to work procedures. The creation of a
wizard-like NAVI system involves the incorporation of
IT into the design process and design methods so that
anyone can do design work using the correct process and
technique. Several conditions are necessary for
accumulating knowledge in such a system database. The
knowledge must be shared mutually by everyone. That
means it must be expressed in text, figures or other forms
of visible information. Further, it must be systematically
organized in a way that is easy for everyone to use.

The KBE working group is vigorously
promoting the construction of such a wizard-like NAVI
system containing knowledge about each part design and
performance design so as to shorten the development
period and improve efficiency.

3. Activity Results

As a result of promoting the company-wide
cross-functional V-3P program, consideration of
manufacturability is now being factored into product
designs from the initial development stage, as indicated
above. Simulation accuracy has been improved and
simulation maps have been developed for navigating the
database. A Digital CADICS (D-CADICS) program has
been created as a tool for using such maps in making
plans for experiments. As a result, it has now become
possible to carry out high-quality development work
efficiently. The CAE/experiment working group is
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pursuing activities aimed at reducing costs and
shortening the development period.

The working group for innovation in control
system development began implementing control
software for MBD activities in 2005. Partial
implementation for production vehicles has speeded up
control system development, and the promotion of virtual
control system testing without using actual vehicles has
improved validation work efficiency. Control system
components are being standardized and reused in new
system development projects, thereby improving the
speed and efficiency of development work.

In fiscal 2006, the KBE working group initiated
a simultaneous design activity for cases/housings and
gears in which engineers of the production engineering
and R&D divisions share know-how simultaneously. This
has resulted in the preparation of drawings that
incorporate manufacturing knowledge in simultaneous
activity planning forms. The knowledge that individuals
previously possessed in their heads has now been made
visible for everyone to share. Man-hours spent on studies
have also been reduced by approximately 30%, and work
efficiency has been boosted further. As a result, it has
now become possible to pursue the acquisition of new
technologies, human resources development and creative
endeavors more efficiently than ever before.

4, Conclusion

The activities described here are being
incorporated in our new development projects and we feel
that substantial progress and results are being achieved
toward the attainment of our goals. These are to (1)
achieve lower fuel consumption, (2) downsize and lighten
our transmissions, (3) improve quality, (4) reduce costs
and (5) shorten the development period. In the future, we
want to promote these activities as company-wide efforts.
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1. Intr oduction

Activities for VV-3P at Experimental department
had been promoted mainly by "Experimental Evaluation
Section Committee” until Oct. 2006. Since Nov. 2006, it
re-started after named as "CAE / Experimental Section
Committee" to achieve furthermore innovation of
development process. Changes of Experimental process
via V-3P and how to correspond to them will be
explained.
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2. Change of Experimental Process

Both processes before and after V-3P was
introduced, at M-class new transmission development,
are shown in Fig. 1. Changes of whole process are as
follows :

1) Shorten Development term
2) Reduce Trial lots
3) Shorten Production Preparation term
4) Reduce Production Trial time
However, from viewpoint of Experimental, following
subjects should be resolved :
A. Complete development with fewer trial lots
B. Complete development in shorter term
Experiment and evaluate in shorter term
Experiment and evaluate in fewer testing parts
Judge without experimental

3. Correspondence to changes of Experimental process

Following activities have been promoted by
CAE/Experimental Section Committee in order to
correspond to changes mentioned in Chapter 2.

1) Shorten experimental term
a) Shorten term of drive-load durability test
b) Separate stand-by time from durability test
¢) Reduce sample number of durability test
d) Reduce experimental term using adhered Case-rib
e) Reinforced cooperation of Prototype Manufacturing
department and Experimental department
f) Shorten long-term experimental hours
2) Replaced with unit assembly/ Replaced with parts
a) Replace vehicle test with unit assembly test
b) Replace unit assembly test with part test
¢) Expand use of "Tran gent-Dynamo" for performance test
3) Eliminate physical test by improvement of design capability
a) Improve design prediction accuracy with CAE
b) Experiments based on D-CADICS
¢) Expand use of "Parts reliability data-base™
d) Promotion of new measuring technique
In the next section, D-CADICS will be explained in
detail as important tool to eliminate physical
experiments.
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Table 1 Elimination of physical experiments with D-CADICS
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Design Accuracy:

(Designed - Experimental) < 5%
(Designed - Experimental) < 10%
(Designed - Experimental) < 20%
(Designed - Experimental) > 20%
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4. Practical use of D-CADICS

4.1. D-CADICS is °*

D-CADICS, Digital CADICS, is the tool with
which physical experiments can be eliminated, showing
the relation of design items in technical diagram and
experimental items in one diagram that had separately
existed. Example is shown in Table 1.

4.2. Elimination of physical experiments

As mentioned before, necessity of experiments is
judged with D-CADICS in V-3P process to achieve "Judge
without experiment". The scheme is explained as follows.
1) Define the relation of design items and experimental items

Define the relation of design items, which are
mentioned in technical diagram, and experimental items,
which are mentioned in CADICS-M.
2) Extract and evaluate design item to be studied

Extract design items to be studied in project
development. Secondary, evaluate "level of change" ,
Tab.1 (a) based on changed points and technical
difficulty. After that, evaluate "design predicting
accuracy", shown in Tab. 1 (b), based on past design
experience.
3) Select physical experiments

Per "level of change" and "design predicting
accuracy" which are evaluated in 2), the needed
experiments are selected.
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It means : Physical experiment is not eliminated
if "level of change" is high and "design predicting
accuracy" is low : Physical experiment can be eliminated
if "level of change" is low and "design predicting
accuracy" is high.

On the other hand, following are carried out to
improve "design predicting accuracy" : Visualize ATF
flow and modify analysis method based on the result of
visualization : Analyze fractural mechanism to detect the
small change of specimen and stop the machine before
breakage : Acquire new design methods by carrying out
with out-house analysis agencies or universities.

5. Future image of experimental process

To reach "World NO.1 development process",
further elimination of physical experiments should be
necessary. To achieve this, for example, simulation of
transmission performance has been conducted by
experimental engineer as "Virtual experiment".

Also, following are executed in V-3P process:
Load survey to study how AT or CVT are used in
consumer market: Collect the parts, which are actually
being used to evaluate design standard, from the markets:
Establish new design standard to achieve "World No.1
quality/ Mono-Zukuri for fascinating products”.

Please expect the future of Experimental
department which innovates on its own figure.
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Summary Under the V-3P program, wide-ranging
activities from design to manufacturing are concurrently
carried out in parallel so as to shorten the overall
development process and put new products into mass
production with shorter lead times. This article describes
the front-loading process of conveying production
requirements from manufacturing workplaces to design and
production engineering for the purpose of continuously
improving the quality of both current and new products.
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1. Background

1.1. Manufacturing problems under the V-3P program

It goes without saying that the role of
manufacturing is to process materials, i.e., to change
their form, through the application of specialized
knowledge and skills. In other words, it is to turn
materials into products. That is why the shop floor is
said to be the place where added value is created.

In executing the V-3P program for a new
transmission, there are the following specific
requirements:

(1) To assure the performance and quality of the product
even though production trials are reduced in number
from two to one.

(2) To shorten the preparation period for mass
production and also to cope with the production
volume increase that follows a vertical curve after
the production launch.

An essential condition for meeting these requirements is

to complete the job with the desired quality without any

rework.

The development schedule thus proceeds
under this condition where rework is not allowed and
production is launched immediately after just one
production trial. The production trial itself is merely the
final confirmation process; in actuality, the success or
failure of a project has already been determined before
that. Accordingly, similar to design and production
engineering, manufacturing activities must also be front-
loaded.

000
Production Administration Department
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This is where manufacturing faces a huge
dilemma. The skills that constitute the basis of
manufacturing's raison d'etre are formed on the
foundations of the "Sangen principle" of engagement,
which means going to the actual site, finding out what
has actually happened and identifying the actual
problem. The front-loading of mass production
preparations is done in an environment of decreasing
opportunities and time for confirming physical models
using the actual production facilities and jigs. This
means making preparations without having the actual
objects on hand. The question of how to make the most
of accumulated skills in carrying out the preparations
under that condition poses a serious issue.

1.2. Simultaneous activities in manufacturing
Next, let us consider once again the
significance to manufacturing of the simultaneous
activities undertaken for moving to mass production. It is
safe to say that properly reflecting the views of the

manufacturing group will result in the attainment of easy-

to-build products and facilities that allow ready

confirmation of quality. Skills, on the other hand, include

work procedures backed by knowledge, work procedures
in which knowledge is applied and the accumulation of
new knowledge in the process of doing a job correctly.
Feeding back such "knowledge-based skills" to
design and production engineering so that the views of
manufacturing are duly reflected in products and
production facilities represents the front-loading of
manufacturing's simultaneous activities. This constitutes

_27_

a powerful tool for conducting virtual studies without
having any physical models.

1.3. Current situation for simultaneous activities

Simultaneous activities were also carried out
in the past. Talking about reflecting knowledge-based
skills at this point has an undeniable feeling of being too
late. Looking back on it, however, it would be hard to
claim that the simultaneous activities conducted
previously functioned fully as intended.

To be sure, it was not easy to reflect the views
of the manufacturing group on account of various
shortcomings in the design and facilities and the
numerous changes that needed to be made. It is predicted
that such problems will be dramatically reduced in the
future as each group proceeds to establish the simulation
techniques now being developed. An environment
appears to be taking shape that will give full play to
manufacturing's knowledge-based skills.

Doubt still remains, though, as to whether
those knowledge-based skills can be utilized
immediately. As noted above, there is no question that
design and production engineering are responsible for
making many of the desired changes. Yet, in several
percent of the previous cases, there are examples of
times when manufacturing did not convey the production
requirements to them properly.
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Why haven't knowledge-based skills been fully
utilized before? One reason is that the structures for
retaining monozukuri data, for conveying knowledge and
for considering things jointly did not function fully. In some
cases, only a portion of the employees took part in an
activity or an activity was only partially carried out. In other
words, we have not broken loose from activities that depend

on people. Dependence on people naturally means there is

considerable variation owing to differences in experience or

knowledge among individuals. Additionally, data vary due
to the scattered locations and particular circumstances of
production centers, making it impossible for the
manufacturing group as a whole to share the data. As a
result, knowledge-based skills themselves did not become
clearly visible. In short, there was no alternative but to reply
on people as individuals.

In order to front-load manufacturing's
simultaneous activities and reflect the wisdom of the
manufacturing group in products and production
facilities, it is absolutely essential to make knowledge-
based skills plainly visible so that they can be shared by

everyone involved in manufacturing.

1.4. Promotion of V-3P in producing existing tr ansmissions

There is another point that the manufacturing
group should consider. In promoting V-3P, there is a
tendency for attention to be focused on reforming the
production launch process for new products. From the
standpoint of each production center, such reforms only
pertain to just a few plants and lines.

The idea that \VV-3P is targeted only at the lines
for new products is distorted. The V-3P program in
manufacturing can only be accomplished by including
existing transmissions now in production. The objective
for existing transmissions is the same as for simultaneous
activities; that is, to reflect the views of the manufacturing
group properly so as to achieve easy-to-build products
and facilities that allow ready confirmation of quality. To
do that, knowledge-based skills must be made visible and
shared by everyone, just as in the case of simultaneous
activities. The focus of V-3P activities is manufacturing
as a whole, including both new and existing lines.

Existing lines in particular accumulate in real
time examples of failure and data on problems that
become the basis of empirical wisdom. If such wisdom
can be shared among the plants, it can be expected to be
helpful in developing our human resources and in
achieving rework-free daily operations.

2. Construction of Production Knowledge Database

2.1. System imple mentation

Based on the foregoing experience, we built a
portal to a production knowledge database in order to
make knowledge-based skills clearly visible so that
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everyone can share them. The objective was to
accomplish the following three aims by having the entire
manufacturing group use this shared knowledge.
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(1) Mutual feedback between existing lines and new
products

(2) Upward spiral of simultaneous activities in new
product projects

(3) Maintenance, management and further accumulation
of knowledge

Emphasis was put on real knowledge that would grow by itself.

2.2. System functions

(1) Visualization of all knowledge
The diverse knowledge used in our monozukuri
operations was organized into separate maps by
purpose so as to make it easy to see.

(2) Collaboration concerning information
An effort was made to centralize all data pertaining
to production by arranging information into
categories, from daily workplace data to engineering
information and other related data.

(3) Function for finding necessary information
A search engine was implemented as a cross-
functional tool for finding information stored in large
volumes at different places, including immediate
retrieval of the details. This engine eliminates the
troublesome task of organizing knowledge
information at the time it is stored and facilitates
omission-free searches.

(4) Assurance of information-sharing areas
Dedicated areas were secured on common servers to
handle the increase in shared information as a result
of making production knowledge visible to everyone.

3. Activity Results

The results of V-3P activities in manufacturing
still cannot be measured quantitatively at this point, but
these efforts appear to be steadily penetrating
manufacturing operations.

3.1. Utilization of production knowledge database
The following are some examples of specific
activities in which the production knowledge database
was effectively utilized.
1) Preventing the recurrence of previous troubles
O Difficult-to-do tasks with existing transmissions are
being eliminated for new products.
00 Measures to prevent process defects are being
incorporated in new processes.
0 Measures against concerns in past launches are
being incorporated in new lines.
O Feedback of troubles in daily operations to design
2) Effective utilization of information
O Centralized management of shop floor data
O Sharing of one-point information
O Sharing of examples of improvements
O Sharing of analysis data
O Sharing of simultaneous activity planning forms
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Table 1 Accumulation of production knowledge

Change in production knowledge registration

aHH

March '07 April May June July August

No. of items
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Table 2 Questionnaire results concerning penetration of
production knowledge database

Item Total no. of Managers/foremen
respondents (162)
(446)

Think that knowledge | 95% 95%

database activity is

important

Accessed the | 62% 70%

production

knowledge database

portal

Searched for required | 66% 62%

information

Found required | 73% 64%

information
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3.2, Improvement and growth of knowledge database
After circulating the production knowledge
database, there were requests from various departments for
the addition of other items and functions, so the database
was further improved. The number of items registered in
the knowledge database has continued to increase during
the past six months (Table 1), which suggests that the idea
of making things visible has taken root. This indicates that
the knowledge database is continuing to grow.
Measurements of the degree of penetration of
the knowledge database in the manufacturing group
show that its importance is highly recognized and that
there is strong interest in the portal to the production
knowledge database (Table 2). Accordingly, it is
concluded that work reforms and changes in awareness

can be cited as specific activity results.

4. Future Deployment

To reiterate once again, the final objective of
V-3P in manufacturing is to reflect the views (data) of the

manufacturing group in easy-to-build products and

facilities that allow ready assurance of quality. To
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accomplish that, it is not sufficient merely to feed back
information concerning people, materials and facilities
through the medium of activities that depend on people,
representing a typical example of simultaneous activities.

It will be ideal in the future if production
knowledge can be aggressively incorporated in the
development process or directly linked to it, as requisite
data of the NAVI system and IT tools that design and
production engineering are currently implementing.

We want to move ahead vigorously with new
activities for contributing to our monozukuri operations.
One example is to use raw data, especially data
concerning problems, in cross-functional teamwork
activities with the testing group with which
manufacturing has had little exchange to date and in the
construction of quality charts.

In connection with the construction of this
knowledge database, we went around to each plant and
secured its approval. Currently, we are in the process of
gathering the enormous volumes of data accumulated in
the past at the plant, department, section, team and
individual levels. Because the content extends over such
a wide range of areas, we are not able to keep up with the
task of organizing the data. Additionally, the methods of
entering data and the vocabulary used in the descriptions
are not unified. The content of the data also varies from
one department to another. Given this situation, it will
take quite some time before the data can be shared.

Furthermore, the database is not in a state that
can readily be used by design, production engineering
and other departments. Efforts are under way to improve
the content and also to examine a database design that
will allow data to be retrieved easily.
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Fig.6 Systematic diagram of V-3P in manufacturing

Concluding Remarks

In order to instill and accelerate the V-3P
program, it is absolutely necessary to incorporate
manufacturing's knowledge-based skills and plant data
into the knowledge database. It is hoped the entire
manufacturing group will work steadfastly to improve
the knowledge database. We hope that everyone in
related departments will continue to cooperate in this
regard by actively using the production knowledge
database and feeding back their opinions, requests and
suggestions as users.
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1.3 C®HIC 1. Introduction
ooooooooodoomoooomooo The automotive market has tended to be clearly
oobooooooooodoooooooododad polarized in recent years between luxury (high-priced)
gooobbobodouobooouoonoooonon cars and low-priced cars. Sales in the luxury car markets
pooodoooodoooodoooodoon in Europe, America and Japan have continued to show
OoeriCshOODDO0DD0O00O00uoony stable growth, and this tendency is projected to continue
opploodoodiouiouoouooognn in the years ahead. Meanwhile, newly rising countries
ooboooooboobuooouooooood typified by Brazil, Russia, India and China (BRICs) are
O000o000ooooooooooooooon . . ;
recording remarkable economic growth. Vehicle demand
0000000 0DOD0O0DOO000OO000000OS3,000 : e : .
000000000000 00000000onO in these countries is expected to expand in the coming
0000000000000000000000 decade together_wnh a _c_ontmued increase in buying
0000000000000 00000O000 power. An e;se_ntlal cond!tlon for acceptance py the car-
0000000000000 000000000 buying public in these h_|gh-gro_wth mfarkets is that_the
0000000000000 000000000 product must be a basic vehicle with a low price,
0oo0oo0o0o0on typically around $3,000, while at the same time meeting
0000000000000 o0o0o0oOOooon legal and regulatory standards.
0000000000 DO0o0oDO0oOooDDOogn
0000000000 DO00o0DO0oOooDoDogon
ooooooooooooooonoooooooon
000000000000 O0DOOD Table 10
Table 1 Future evolution desired for transmissions
Luxury-car transmissions Low-priced car transmissions
Performance |:>
& quality a
w | D~ Y ™
Development g g
period
Shorter Shorter
000000000000 oOooooooon Furthermore, the speed at which products are
OO0000oOoOoov-3pO000000O0O0ODO0O0O put on the market is also a critical factor. Even excellent
ooooooooooog vehicles that satisfy market requirements for
performance, quality and cost cannot be assured of
2. hasEMINTWSIEE LigeE success if they miss being launched at the right time.
In this market environment, the market
00000 0o0oooooooooooooon requirements for vehicles put the same demands on
0000000000000 000o00oOoooo transmissions with respect to performance, quality, price
000MOoo0ooooooooooooooon and development lead time (Table. 1). This is true for
00000 0oooooooooooooooon both luxury cars and low-priced vehicles, inasmuch as
0000000 oooooooDoon the transmission is the mechanism that serves to transmit
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driving force reliably.

This article describes the role that the
Purchasing Division should play in meeting these
requirements and the ways in which V-3P methods are
used for that purpose.

2. JATCO's Operating Environment and Challenges

A transmission requires many different types
of components. Since most of the components are
purchased from parts suppliers, the requirements imposed
on transmissions for performance, quality, price and
development lead time are conditions that our suppliers
must satisfy as well.

Sourcing from Europe

7

Sourcing from Asia

\!ﬁ \-’

/

@ Production bases

1 Sourcing route

Fig. 1 Future parts sourcing
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In order to meet tough cost requirements in
recent years, it has been necessary to expand our
procurement sources to include new suppliers in newly
rising countries, especially Asian manufacturers that have
been acquiring international competitiveness at a
remarkable pace in recent years.

On the other hand, quality is the foremost
priority for a transmission because of its crucial role in
supporting the operational safety of a vehicle. For that
reason, a long period of time is needed to confirm
product quality before new suppliers are added to our
procurement sources. However, it is also necessary to
take steps to shorten the period needed for confirming
quality.

One of the biggest challenges for the
Purchasing Division is to select the components that best
match the foregoing requirements from among the
products of suppliers around the world. In other words,
we must be able to accomplish "optimal global sourcing”
in a timely manner (Fig. 1).
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3. Global Sourcng Policy

At JATCO, we follow an open and fair
sourcing process in selecting suppliers for our new
product projects. Specifically, we ensure that suppliers
are chosen fairly by quantifying the quality, cost, delivery
performance, engineering capabilities and management
performance of candidate companies and comparing the
data. No distinctions are made between new and existing
suppliers. We expect to build a win-win relationship with
the suppliers selected for each project as JATCO's
business partners through this open network type of
sourcing. A mutual win-win relationship means that the
suppliers grow along with JATCO as a result of making
proposals to us and increasing the volumes of parts they
sell to us. This is accomplished through front-loading,
which is the underlying spirit of V-3P.

Design release for Production

ass production

Masp production

V-3P introduction

Monosukir Product gning Design & development mas%&rloduction preparati%
process before V- : > pie
3P introduction s MonozuKuri period before V-3P introduction 4

; Design & Design release for  Production
Monozukuri Product planning s profuction _preparations
process after - > 3&%‘: l>i§?

Monozukuri period before V-3P introduction

Front-loading for development of key technologies

key points

Selection of suppliers for joint advance engineering
JATCO development of After the introduction of V-3P, key technologies are
. 5 developed before the monozukuri period, thereby
Indlcatlor} of key logics shortening the development period. JATCO wants to
technologies Development instill a process whereby a supplier's proposed
f desired in the ﬂof key technologies| | technology toolbox leads to the development of key
Suppliers near future and |:> technologies, and parts technologies are refined and

Development of technology toolbox

jmproved through cross-company activities.

Fig. 2 Front-loading for development of key technologies
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Front-loading refers to the refining and
improving of parts technologies by both JATCO and the
suppliers (Fig. 2). At the stage prior to the concrete
sourcing for a new product, JATCO indicates the
technologies desired in the near future and what the key
points are. In response, the suppliers undertake the
development of their own toolbox of technologies
focused on future needs and make proposals to JATCO,
thereby accomplishing front-loading. Through this
process of working closely together with suppliers on the
basis of proposals, we are able to procure parts that are
competitive. This is the type of sourcing that we pursue
at JATCO.

4. Role of V-3P in Accomplishing JATCO's Sourcing Policy
A proposal-based supplier relationship is one in

which V-3P methods such as IT and cross-company activities
are utilized to build quality into products and to ready
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|Flow of improvement process|

Problem analysis

The problem was identified by conducting a
3D assembly simulation and discussing the
issue with the departments concerned.

Direction of brake hub insertion

| As a result, a difficult assembly task was identif ed.l

T
|

[Brake hub] [Brake drive plate|

J1 L,

s :
Corrective
measures

+Facility-based solution ' o
- Another proposal was to machine and | Expand chamfered Improve chamfered surface

assemble a special part shape, but a area of brake hub . roughness of brake hub
simple (low-cost) solution was tried first. s - ‘

Experts in product development, prototyping,
production engineering and manufacturing
(line workers) met to confirm the solution together.
The result was okay and was adopted.

Fig. 3 Example of improvement of difficult assembly work
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production processes at an early stage so as to meet the
project deadline. In actuality, there are suppliers, including
overseas ones, that are in the initial phase of implementing V-
3P. Our first task regarding such suppliers is to develop their
capabilities, through the use of V-3P methods, to the level
where they can accomplish JATCO's development process.

The early detection and resolution of issues in
transmission assembly processes can be cited as examples
of improvements made by applying V-3P methods. From
the initial stage of development, experts in product
development, prototyping, production engineering and
manufacturing come together and identify difficult
assembly tasks on the basis of simultaneous activities,
including conducting 3D assembly simulations. The
people involved share the identified issues and apply their
creative ingenuity to find solutions to the problems
without making excessive capital investments in facilities.
An example of such an improvement is shown in Fig. 3.

This example concerns improvement of
JATCO's in-house manufacturing and assembly
processes, but the spirit of this improvement is also
applicable to the early resolution of issues for outsourced
parts. The use of 3D data and cross-company activities
involving suppliers and people from JATCO's product
development, manufacturing, quality assurance and
purchasing departments facilitate the detection of issues
and their early resolution. We are already conducting joint
activities with suppliers for major parts and are beginning
to apply the results and methods to other parts as well.

5. Condusion

The Purchasing Division aims to shorten the
development period through the use of V-3P and, in
parallel with that, to take the initiative in promoting
front-loading for the development of key technologies
together with suppliers on basis of mutual proposals. We
are confident that this will lead to higher performance,
better quality, lower costs and shorter development
period, and in turn, to stronger product competitiveness.
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Summary JATCO was certified to QS-9000 in 2000,
as explained in the JATCO Technical Review 2001 No. 2
issue. Subsequently, the standard transitioned to TS
16949:2002 and JATCO obtained certification to TS
16949 in February 2005. In conjunction with the renewal
audit in the third year following certification and the
launching of the V-3P program, a sweeping review was
made in order to utilize TS 16949 more extensively and
promote a company-wide reform toward greater
customer focus. This article outlines the efforts made in
preparation for the renewal audit.
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1. Intr oduction

Certification to TS 16949:2002 is limited to an
effective period of three years. After three years have
passed, it is necessary to undergo a renewal audit again.
JATCO received its initial TS 16949 audit in February
2005 and obtained registration and certification.

At that point, we acquired certification through
our own efforts, based on prior compliance with the QS-
9000 standard. That was done by focusing our efforts
primarily on complying with the requirements in the
changed chapters of TS 16949, on conforming to the
newly added requirements and on harmonizing our
internal standards and adding new ones as necessary.
Yet, the influence of QS-9000 still remained strong.

As a result, our quality management system
was launched without fully dealing with certain aspects
of the TS 16949 standard. That included slimming down
our system with respect to the requirements that were
relaxed under TS 16949 and promoting process-focused
monitoring, measurement and continuous improvement,
which is a distinct feature of TS 16949.

When we received the regular audit in January
2007, the auditors pointed out that, while the processes in
each division were clearly defined, the positioning of each
division's processes and links between processes were not
clear in the company's overall processes. That made us
aware once again of our lack of thoroughness. Together
with the launching of the V-3P program, we initiated full-
fledged efforts to rebuild our technical specifications (TS).

2. Features of TS 16949:2002
The TS 16949:2002 standard has the following

features that differ from QS-9000.
(1) It requires the construction and efficient operation of
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a quality management system focused on customer
satisfaction in accordance with the process approach
of the automotive industry.

e The company-wide system is regarded as a process,
and every stage and the interrelationships between
stages must be clearly defined. It is expected that the
effectiveness and efficiency of every process will be
constantly monitored and measured and that
continuous improvements will be made to the overall
system through execution of the PDCA (plan-do-
check-act) cycle.

(2)Customer-specific requirements (CSRs) are
positioned at the head of the items required by the TS
16949 standard. The extent to which those
requirements are being met is also audited.

e |t is necessary to incorporate CSRs into the
organization's quality management system, which
requires the construction of a system centered on
customer-oriented processes (COPSs).

(3)Whereas QS-9000 leaves the management of the
standard to the ISO certification administrator in each
country, a regional office called an International
Automotive Oversight Body (IAOB) manages TS
16949 audit services. Asia Pacific is the IAOB in this
region.

e The intentions of the automotive industry are directly
reflected in the system, making it easy to assess the
direction of an organization's activities.

3. Project to Reconstruct JATCO's TS Process

A project team was formed in April 2007 to
reconstruct JATCO's present TS 16949 compliance
system. The aim is to utilize the distinct customer
emphasis of the TS 16949:2002 standard to implement
the V-3P program effectively and strengthen the
company's customer focus.

3.1. Visualizing a company-wide process framework
The company's processes have so far been

constructed on the basis of individual departments,

making it difficult to see the links between processes.

A company-wide process framework has been
constructed that matches the organizational chart of
JATCO's operations. This was done to make clear the
stage of every process and the interrelationships as
required by the TS 16949 standard. Furthermore, a
distinction is made between the key processes involved
in customer satisfaction and those supporting it.

3.2. Features of company-wide process framework
Figure 1 shows the company-wide process
framework that was constructed. The aim was to
visualize the links between JATCO's overall processes in
line with the V-3P organizational chart of the company's
operations. In this chart, the previous organization of
operations according to each department has been
reconfigured in terms of cooperation between divisions.
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Detailed process flow chart

Because JATCO is a monozukuri company, the
"mass production/manufacturing process" was selected as
the top priority process. The processes for "new product
development/product improvement” and “"production
preparations,” which make mass production/manufacturing
feasible, were then selected and the cooperative relations
among these three processes were clearly expressed. We
then added the processes of "sales” and "production
management/logistics," which interface directly with
customers, and the processes of "supplier
selection/management” and "purchased parts quality
assurance," which are involved with outsourced parts that
account for 70% of the components of our transmissions.
The foregoing processes were defined as the key
processes.

Customer needs and expectations are indicated
on the left side of the framework and satisfaction and
evaluation on the right side. This easy-to-understand
representation of the flow of processes clearly shows
how each process is related to the customer and the
development/production of our products.

The framework was completed

711 by positioning the processes of "top

Process name Transmission design process (cost reduction)/GVT |

Purpase: To = of custamer’s and self-initistad VA

fmeesfl management,” “investment of resources,”

and "analysis, audit and improvement"

......

as ones that support product

development/production and customer
satisfaction.

3.3. Creation of detailed process
flows

After constructing the
company-wide process framework, an
owner was selected for each process
and each process owner was asked to
prepare a detailed flow of the process.
Ultimately, 103 detailed process
flows were prepared, which took two
and a half months to complete.

3.4. Features of detailed process

flows

Figure 2 shows an example
of a detailed process flow chart. A
standardized format was adopted and
designed to cover all the items
required by the TS 16949 standard.
To make the links with preceding and
following processes clear, input and

[F——

Process swaliation

Fig. 2 Process Flow
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output columns are provided along
with a column for indicating related
processes. Other columns include one
for indicating indices of effectiveness
and efficiency, a resources column
and a related standards column.
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4. Renewal Audit and F uture Tasks

As explained here, we prepared to receive a
renewal audit by taking steps to comply with a process
approach audit. As a result, the company was
recommended for registration, although several minor
nonconformities were pointed out. Since all the items
mentioned pertain to the fundamental operation of TS
16949:2002, we realized that these issues must be further
addressed in order to make effective use of the standard.
Based on that recognition, we are expanding and
improving the TS reconstruction project so as to slim
down our system and organize it more systematically.
We aim to construct a system for utilizing the
advantages of the TS 16949 tool reliably and make
further improvements so as to maximize the benefits of
the V-3P program.

m [] Authors m
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Toshiaki MATSUZAWA

Tomoaki SEGAMI
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Summary At JATCO we are implementing a model-
based development (MBD) method to improve the
development process for electronic control systems of
automatic transmissions. This article outlines the MBD
method and described its benefits. It also gives examples of
its use at JATCO and discusses plans for future activities.
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1. Intr oduction

1.1. Background

Electronic control systems for automatic
transmissions have become much more complex and
sophisticated in order to improve the environmental
performance and other performance attributes of vehicles.
This has led to an enormous increase in the number of man-
hours required for system development and validation.

As a result of adopting the V-3P program at
JATCO, there are strong demands for a substantial
shortening of the development period, improvement of
efficiency, reduction of rework and enhancement of quality.
Model-based development (MBD) has been proposed as a
means of resolving these issues, and we are proceeding with
the application of this method at JATCO.®®

1.2. MBD overview

With the MBD method, software and hardware
functions are expressed in models that facilitate
simulations. The models are used throughout the
development process from upstream to downstream
activities in conducting repeated validations and
evaluations, beginning with the upstream design work.
This method is aimed at improving quality and
development work efficiency.

2. Method and Benefits of MBD

2.1. Issues in conventional electronic control system
design process
The conventional procedure for designing an
electronic control system is shown in Fig. 1. Problems
originating in the definition of the system requirements or
in the control system design were often not discovered until
system evaluation tests were conducted. That could result in
rework involving a large cycle for redesigning the system.
The causes of rework included:
O Mistakes in the control method (concept) itself or
insufficient examination of performance
O Failure to examine thoroughly possible interference
with or effect on other control systems
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(0 Omission of an inspection in an upstream process
[ Use of different specification formats at each juncture
when transferring a control system to the next process

2.2, Electronic control system design using MBD
In reference to Fig. 2, this section describes the
distinctive stages of the development process when

MBD is applied.

(1) In the "control design" stage, simulations are
conducted and the performance design is executed
using a system model that combines a logic model
and a hardware model as shown in Fig. 3. This
enables control system validation and evaluation at
an early stage, thereby preventing rework.

(2) In the "rapid control prototyping"” stage, the logic
model is implemented in a rapid prototyping
controller and connected to an actual transmission
for conducting tests (Fig. 4). This facilitates advance
verification of items that cannot be evaluated and
confirmed unless the actual hardware is used.

(3) In the "software design" stage, tools are used to
automatically generate the production control code
from the logic model. After verifying that the code is
consistent with the logic model, it is implemented in
the production controller.

(4) In the "controller verification" stage, the production
controller is connected to a hardware in the loop
simulation (HILS) system for testing.

The benefits of MBD include:

O System validation and evaluation can be done at an
early stage to prevent rework.

O Validation and evaluation can be done before the
actual hardware exists.

O Excellent quality is obtained because validation and
evaluation can be done at every stage.

O Automation and labor savings can be achieved using
various prepared tools.

O Description in block diagrams makes it easy to
understand, resulting in fewer mistakes when
transmitting information between processes.

Rapid Prototyping
{ Controller

\’ Matlab.~ Simulink W
Control Desk

Drive Actuator

il s

—.

Sensor Signal

Fig. 4 Rapid Prototyping using Bypassing
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3. Application Examples using M BD Support Tools

3.1. Use of a rapid prototyping controller

A bypass method is used when replacing part
of the control program of an existing production
controller. Only the portion being replaced is executed
using a rapid prototyping controller. This allows easy
confirmation of operation and evaluation of performance
using an actual hardware unit, while minimizing the
creation of the logic model and changes to the
production controller program. In addition, checks can
be made for mutual interference or influence when the
new portion is combined with the existing control
program.

3.2. Use of a HILS system

A HILS system was developed and is used in
verifying the control performance of AT controllers.
This system includes real-time simulation models of the
engine, AT and vehicle. An example of the model
configuration is shown in Fig. 5.9

3.2.1. Application and expansion of automation

In conducting a HILS test, the same test
signals are generated as in driving and bench tests,
automatic measurements are made and the data are
processed automatically. This facilitates more efficient
testing, which has increased enormously as a result of
the larger scale and greater complexity of the control
software. Figure 6 shows an example of a test
specification and a check sheet.”

Check sheet

T m
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Fig. 6 Test Specification and Check Sheet

3.2.2. Sharing of automatic measurement results

Prior to conducting tests with an actual
transmission, the results measured automatically in the
HILS tests are checked simultaneously by the control
system designers and testing engineers. This is effective
in reducing rework after the actual transmission tests. If
there are any problems, they can be shared at an early
stage.



B8] EREHIHRFEICE T D2ETIAN—IRAEFE

4.MBD D 514 DHR U $H 7

4.1. > —AVRIEY —=ILF 1 — DIEE
O0O0OFig20000OMBDOOOOOODOODO
0000000000000000000o0o0Q
000000000000 00O0OoOoooooOQ
00000000000 00O0OOOoOoooooQ
00000000000 0O0OoOOOoOoooooQ
0 O Fig. 70 O O*

“Rapid Prototyping”

“Other Tools”

1" Data Base

i (] Data& Information

‘Management Systens “E: &
e i
: [m Jvr HMunihlingTwls } '

“hctun _nn(l‘icnnlrnl Systems =

Fig. 7 Seamless Development Tool Chain.

4.2.MBD & /\— RCAEE#EIC KD /N\N—F v LR

O0O0OCAECDODODOODOOOOOODOOO
0000000000000000000000
000000000000 00O0OoOoooooOQ
00300 0000000000OO0OO0o0ooQ
00000000000 0O0OOOoOoOoooon
00000000 Fig. 8000

0
U

5.FELD

gobbooooooooobooooooon
gooooooooboobobobobbobDoOoOdMBD
goboobobooboooobooboooobd

gobbooooobooooobboooboooon
ggooobooobbbbbbbbbbboboo
goobobobooooooobobov-spOnnoOD
gboboboob

oooooooooooooooooooo
ggboogbbooooabodg

_43_

4. Future MBD Efforts

4.1. Construction of a seamless development tool chain

Development support tools are currently being
used to boost work efficiency in every stage of the MBD
process shown in Fig. 2. A development tool chain (Fig.
7) @ is also being constructed to link the support tools
and facilitate mutual use of data in order to promote
seamless development work.

4.2, Virtual development combining MBD and
CAE hardware models

We want to promote virtual control system
development that minimizes prototyping and testing
man-hours by linking MBD with CAE hardware models.
Specifically, this will involve the construction of
hardware models from 3D design specifications of the
hardware prior to its fabrication. That will make it
possible to evaluate the feasibility of the entire system
and predict its performance at the advance engineering
stage, as illustrated in Fig. 8.

3D Data Rapid Prototyping | Prototype
Hardware - _
(CAE) AL (Real Unit)
- Hardware
Modeling Model
(HILS)

[

%@

Fig. 8 Virtual Development with MBD and Hardware Models CAE.

5. Conclusion

This article has described the process and
benefits of the model-based development (MBD) method
that we are currently implementing at JATCO. Examples
of activities using MBD support tools were also
presented.

In future work, we will continue our vigorous
efforts to create development support tools in the areas
where they are incomplete at present. We intend to
promote the application of the VV-3P program to control
system development so as to accomplish seamless,
concurrent development and testing of the hardware and
control system.

Finally, we would like to express our
appreciation to various people for their invaluable
cooperation with the preparation of this article.
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Construction of a Case/Housing Design NAVI System
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Summary This article explains the concept and
features of the wizard-like NAVI system used in
designing transmission cases and torque converter
housings. This system is a tool that provides the design
procedures and standards. The aim is to improve the
efficiency of case/housing design work that requires
many man-hours owing to the numerous part variations
involved in applying transmissions to different car
models. The system was constructed to accomplish the
objectives of the V-3P program.
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1. Motivation

We decided to construct this NAVI system in
order to deal with the following issues in case/housing
design.

O Background

_45_

O Accomplishing the V-3P program objectives requires
speedier product development and improved design
accuracy.

O Applying transmissions to various car models involves
many different part variations. Higher efficiency will
be needed to cope with the increase in application
engineering man-hours in the future, especially for
CVTs.

O The design load imposed mainly on veteran designers
must be leveled, and also more man-hours must be
shifted to the development of new transmission
models and key technologies.

2. System Overview

2.1. System concept

Before beginning to construct the system, we
confirmed once again the current issues felt by those
responsible for actual design work.

O Standardization is lagging behind.

O Inexperienced designers also want to execute highly
accurate designs efficiently by utilizing the know-how
of veteran designers.

The following system was conceived for
dealing with these issues.

O The system provides design procedures.

O It provides work details and important points requiring
attention.

Ot provides standards, know-how and other
information and allows easy searches for desired
information.

O It stores the results of development projects so that the
information can be fed back to subsequent projects.
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22. 2 AT LDEE Considering the frequency of development
0Jo0od00opDOd0oooDOdoooOoooo oo projects and the scale of the system to be developed, it
Jdddddddd0moooodoooooDoo was decided to focus the system on application
0000000o00o00oooOoOooooOogo engineering for case/housing development projects of the
0oo0ooooooOoOo00000oooomoo M-class™ or below. We proceeded to develop the system
CADOOMOOOOooOOoOooooon by feeding back and storing the accumulated experience
dddd0o0o0d0o0o0oooooooooooo and know-how of veteran designers.
oooooooooooooo " This class refers to engineering in which existing
Jo0o0ddoDooobOodoooonoooooon transmission models and parts are modified for
JooDoDOdoooOoDOoOooooOoOooooogo application to other car models. The scope does not
doooddoodooOodoD oobooooo involve changes to the main cross section or the basic
0doooDOd0ooooOoooooOoooooogo structure, such as the positions of the control valves.
gooooooooooooooooa
goooooooooooooooooooon 2.2. System's role
oooad Application engineering for cases/housings
usually involves changing only those aspects of the
00o0o000o0oooO00oooo0ooooOooon existing parts as needed for application to the vehicle
000000 00O0Fg. 10000 concerned.
. ***Scope covered and supported by the case/housing design NAVI systen Changes are made, for example,
Work flow between groups and% Work flow Information exchanged to meet the customer's requeStS or
pSsensimicherss 1 the requirements of other parts.
o Citomer | ‘ The NAVI system supports the

tasks involved in conducting
design studies for the parts or
specifications to be changed,
excluding CAD activities.
Specifically, it is aimed at
facilitating the following tasks in
the flow of the actual design
work.
O Support for identifying issues
| Detoicd decien to be studied in connection
with the modifications.
0 Semi-automatic extraction of
f Corlaed the procedures for studying
ey Soetornard the issues and the important
’F. points requiring attention.
‘ e The information is presented
progressively as a study
proceeds.

O Progressive presentation of
previously registered standards,
past results, current technical
data and know-how according
to the study procedures above.

O Entry and storage of the
study results in the system's
database.

The work flow in application
engineering for cases/housings is
shown in Fig. 1 along with the
areas covered by the NAVI
system and its support role.

summary)

4 Case/housing design
! group "

Veteran
designers

Organizing information

Actual
designers in
charge

he following work time is reduced:
Time spent by veteran designers on
design procedure instruction

‘Time spent asking veteran designers
questions

*Time spent examining past results and
other information

Other know-how of
veteran designer

Congentration in one
place of separate
materials scattered
about

N

2.3. 2 AT LDIERL 2.3. System configuration
OO0OOONAVIDOOOOOOOODOoOODOOO Veteran designers feed back their experience
0o0o0o0dooobooooooooooooogo and know-how that is organized as content and registered
oooooooooooon in the design NAVI server installed at the head office.
gboooboopPCOO0bDODODODODODO Designers can access the system from their own PCs and
goooooobooooobooooobooooo proceed with their work at their own desks while
ooooooogn receiving support from the system. The configuration of
0000000 DO0ODOODOFg.20000 the system is shown schematically in Fig. 2.
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Fig. 2 Configuration of case/housing design NAVI system Example shown in Fig. 4

000000000000 00000000n y i T):]pi(;al contentlincfludhe_shf!om;] shee_tsFa_md
0000000000 Fig 3040000 now-how sheets, an example of which is shown in Figs.
3 and 4, respectively.

Flow of breather chamber study for a final gear design change

Confirmation of Refer to the schematic confirmation flow for details
schematic

Unacceptable schematic

S | Creation of breather
chamber geometry

Schematic O

Priority confirmation items at time of design change

Breather chamber volume of |

Is breather chamber same transmission models
volume larger than

that of the base Breather chamber volume of K0039 and
inlet/outlet know—-how

Increase in breather
chamber volume

<
Decrease in breather chamber volume

Judgment know—how resulting from
change in breather chamber geometry of

Mating faces to the
outside or change in
depth?

Breather chamber volume of K0039 and
inlet/outlet know-how

Priority confirmation items at time of design change

v

Is breather chamber
volume larger than
prevailing values
when compared with
other transmissions?

Breather chamber volume

Degree of change in
volume

Breather chamber volume of K0039 and
inlet/outlet know—how

Larger

Ve
N

Smaller

|
Feedback of
study results to
initiator of

| End of design study I

request

Fig. 3 Flow sheets (Example)
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Subject: Breather chamber volume of K0O039 and inlet/outlet know—how
Scope of application: Breather chamber veolume and inlet/outlet position and area
etermine the standard geometry from past results. Show inlet/ outlet positions in diagrams that combine the case and housing

CASE

05531 1 dal Caorrection of incorrect notations

050002 | N |meusse Newly prepared
o

e pared | Checked | Approved -
Date i by by oy Details of notation changes

Fig. 4 Example of a know-how sheet

24.2 AF ADEIEBAICEL DR 2.4. Benefits of the system for design work
O000000000000000000000n The application of the system to design work
ocOnononon has produced the following benefits.
D0D00D0000000000000 ® Improvement of design quality .
o0ooo0oo O Inexperienced designers can create designs that

approach the quality of veteran designers.
O The number of issues missed in design studies or
checks has been reduced.
e Reduction of man-hours
O The time needed to search for design standards or

gbooooobooobooobooon
oQgogag

gbooooobooobooobooon

goboboooboooboboooboooonoo

oooo know-how has been reduced.
Dopooogn O The number of inquiries to veteran designers and
ocopooDoudodoonooog their time spent answering them have been
Jo00oooooooooo/ooooooo reduced.
oooboobobobobooooanoooonoon. 0 The number of design changes has been reduced.
Fig.sooooooooooboooboooooogn e Accumulation of development work results and use

in subsequent projects

As a result of the foregoing
benefits, it is possible to shift more man-
hours of veteran designers to the

Improvement of application engineering efficiency allows more man-hours to be
shifted to new product development projects

@Case/housing application engineering of M-class or lower icel
—)Ever_l inexperi_enl:ed designers can execute :a[r)‘es\:il:;r:::ta:fdn:swy development Of ne\.N tranSI:nISSIonS and
designs efficiently. technologies key technologies. Figure 5 illustrates the
D sion of cedure B ot el o ol ->Man-hours of veteran H
Provision of design procedure ~ Accumulation of results | Jegiotor cor be shifted to new change in the product development
Model A Model B projects. system due to improved efficiency.

Hg oy
DTN

Model D Provision of standard work _Model C

ective design

S

The system provides the accumulated know-how of veteran designers, enabling
even inexperienced designers to achieve stable design quality.

Fig. 5 Change in product devéﬂirorpment system due to improved efficiréncy
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3. Future Tasks

The following points were confirmed by
obtaining the voice of the customer from users of the
system.

O The flow sheets, know-how sheets and other
content constituting the experience and know-how
fed back to the system from veteran designers are
extremely effective.

O It is difficult to access the system using the names
of the components of the base parts that are to be
changed. The system does not sufficiently cover the
parts that are changed. These are examples of
aspects that make the system hard to use.

We plan to make further improvements to
resolve these problems and to improve efficiency further.

4. Concluding remarks
We would like to thank INCS Inc. and various
people concerned at JATCO for their invaluable

cooperation in connection with the construction of this
system.

I
Hiromi TAGUCHI
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Summary This article describes the simultaneous
design activity in the Casing Design Section and the
construction of IT tools to support it.
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Material Process Engineering Section

1. Intr oduction

The process for launching production of new
parts these days requires a shortening of production
preparation lead time and the attainment of higher
quality and lower cost. In order to accomplish that, it is
absolutely necessary to have well-conceived part
designs.

When a part design is developed, the related
sections get together to reflect their respective
production requirements in the specific part geometry at
an early stage. This type of activity is necessary if the
knowledge accumulated over many years is to be
incorporated into the part geometry without any
omissions.

A new Casing Design Section was jointly
established by the R&D and production divisions so as
to advance this simultaneous design activity for
transmission cases and torque converter housings. This
article describes the details of the activity.

2. Overview of Simultaneous Design

Simultaneous design refers to the execution of
a part design for eliminating overburdening of processes
and waste so as to achieve high quality, cost and delivery
performance (QDC) goals. This involves getting the
sections responsible for the engineering and production
of the part together one place, enabling them to share
information on their respective tasks and responsibilities.

This activity is intended to accomplish front-
loading and improve the efficiency of all operations. The
aim is to achieve the three principal objectives of the V-
3P program: (1) to achieve the desired product quality in
just one production trial, (2) to shorten the lead time for
preparing dies, molds and facilities and (3) to reduce
design changes to zero following the official design
release.

Gasing Doion Secton o2 S2ing group &
irawings

Design

KS4 designers sign drawings
Design | Design
requirements, ‘1 reﬁuweme‘nﬁ,
strength, Release strength,
layout,etc. L ’I layout,etc.
|
o

c ~ Agreement with Planning Center and
- actvaty planning

ue:
o
Casting (EM1) N
Machihing (EUD)
<

N 1 ar
e
Rg:tuﬁl‘wllc\usmnlﬂ s
S i
[

Fig. 1 Change in design development process

Timely reflaction of
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Before release
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Present /

Fig. 5 Number of simultaneous design items

Previously, drawings mainly indicated the
design requirements at the time they were issued and the
production requirements were input in a follow-up
process. As a result, it was taken for granted that design
changes would be made after the drawings were
released. In addition, the scope allowed for making
changes was limited and the percentage of the
production requirements that were included in the
drawings was actually rather low.

In the simultaneous design activity, drawings
are issued after all the design and production
requirements have been examined together, which
produces the following benefits.

[ Because design and production requirements are
both examined together, the quality of the
drawings and 3D data is improved to achieve
zero Come Up Sheets (CUS), which are reports
for feeding back production requirements and
assembly problems from the shop floor.

O Engineering and production departments work
more closely together to resolve issues faster.

O There is cross-functional teamwork, with
engineering departments participating in design
reviews by the production department and vice-
versa. Communication is also improved because
everyone is involved in a wider range of tasks.

U Because studies are undertaken earlier, issues can
be examined in greater depth.

Thanks to these changes, simultaneous
activities in the true sense of the meaning have begun in
which engineering and production departments are
working more closely together (Fig. 1).

3. Benefits of Simultaneous Design

A simultaneous design issues list is prepared
so that issues can be shared by both engineering and
production departments. This makes issues visible and
allows easier follow-up for managing their resolution. In
April 2006, the R&D and production divisions joined
hands in newly establishing the Casing Design Section.
As a result, that has dramatically speeded up the
resolution of issues in new rear-drive transmissions.

An example for new front-drive transmission
cases is shown in Fig. 2. At the time of the official
design release, there is 100% agreement on the
resolution of issues, and there are expected to be zero
CUS after the design release.

As examples of activities to build in quality,
Fig. 3 shows a change made to the hydraulic circuit
layout in the transmission, and Fig. 4 outlines the casting
flow simulation that was conducted to avoid potential
problems and examine corrective measures.

The simultaneous design issues list is one
output of the simultaneous design activity. This list is
reflected in the design standards and is also used to
update the simultaneous activity planning forms, thereby
leading to improved design quality (Fig. 5).
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4. Construction of IT Tools

Previously, dies were designed before the
issues in production engineering studies were fully
resolved, causing overburdening that necessitated
subsequent changes. In other cases, implicit knowledge
and know-how were not incorporated in the drawings,
resulting in problems that required feedback to the
product design departments. As a result, the die design
or product design had to be changed, giving rise to a
problem of higher cost and increased man-hours.

Accordingly, it is crucial to ensure that the
production requirements are reliably reflected in the
product design without any omissions. We have
constructed IT tools for the purpose of resolving such
problems.

1) Semi-automatic die design

This tool is used to generate the details of a die design
and geometry based on the information output from
the product design and production design. Of the 650
types of die parts, 90% are standardized. This system
inputs the 3D part shape data into a standardized die
and determines the shape parting positions so as to
complete the die design.

The introduction of this system now enables a die
design to be executed in seven days after obtaining
the 3D data, whereas previously it took two months

(Fig. 6).

2) Simultaneous engineering (SE) tool
With this tool, studies can be done at an early stage to
examine the casting production conditions and
potential risks that must be known for executing the
casting plan design and product design. It thus
enables quick and repeated feedback to the product
design (Fig. 7).
O Sprue/runner design
O Core pin design
O Die cooling plan design
O Ejector pin design
O Prediction of hydraulic circuit leaks

T N

A

(system already contains
gates and vacuum runners optimal casting conditions)

Indication of defined lines of [ el ol R

et
Automatic gate plan
design < Simulation

Machining into
standard die

Fig. 7 SE too

5. Activities of V-3P Case/Housing Working Group

A V-3P case/housing working group was
formed to promote V-3P activities based on
simultaneous design and the IT tools. This section
describes the nature of these activities. The following
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activities were carried out in fiscal 2006.
(1) Construction of an SE tool for incorporating
production requirements in 3D data
(2) Construction of the semi-automatic die design
system for shortening the die design period
(3) Introduction of a robot motion simulation
program for shortening the casting equipment
preparation period
(4) Construction of noncontact measurement and
CAT measurement tools for shortening the time
needed to measure dimensions
(5) Construction of a casting know-how database to
shorten the time needed for quality perfection
In addition to constructing these IT tools, a
digitally linked process was developed (Fig. 8) and
standardized.
The following five activities are being carried
out in fiscal 2007.
(1) Efforts to attain the quality goals set for new
rear-drive transmissions
(2) Application of the semi-automatic die design
system to new front-drive transmissions
(3) Expansion of direct machining to shorten die
fabrication time substantially
(4) Expansion of the semi-automatic die design
system to valve bodies
(5) Continuous use of casting knowledge management
and application to new front-drive transmissions

6. Knowledge Integration Activity

As mentioned earlier, IT tools are a valuable
means of incorporating production requirements into design
drawings. To accomplish that, however, it is necessary to
visualize and share production engineering know-how.

That requires transforming the implicit
knowledge of everyone concerned in direct, semi-direct
and indirect departments into formal knowledge so it can
be shared. That is being done through a knowledge
integration activity.

As illustrated in Fig. 9, knowledge is
concentrated from casting knowledge summaries,
feedback sheets for die problems, simultaneous design
issues lists and other information received from each
department. The collected knowledge is examined at a
registration screening meeting and then registered in the
simultaneous activity planning forms, die casting die
design standards and facility specifications for shared
used by everyone.

Casting knowledge can also be accessed from
the V-3P website, making it possible to share this
information throughout the company (Figs 10 and 11).

‘ Visualizing and sharing ‘

4‘ Knowledge integration charts
] [ Die casting die ] [ ]
design standards
e roductondesignchck sheet)

¥

1 o E
] < Conversion of tacit knowledge

[ Simultaneous
fi

Facility

activity planning specifications

orms.

A L)

|
|I"n:u:lg:cr'elr_- | { Die ‘ Facility
Registration screening of all direct, semi-direct and
Y indirect workers involved in
casting into formal knowledge.
for everyone to share

1|
[ Consolidation | casting knowiedge consolidation charts

Die prablem feedback sheets

List of simultaneous design issues

Fig. 9 Integration of knowledge
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7. Conclusion

The simultaneous design activity enables the
R&D and production divisions to work together in
undertaking simultaneous activities to accomplish front-
loading, thereby building better quality into our
transmissions.

In addition, the IT tools and integrated
knowledge database developed in this activity are
beginning to be applied to new front-drive transmissions.

In the future, we want to promote activities
that will enable every employee to do work that is one
level higher in quality by utilizing these tools and
knowledge.

m [ Authors m

Shigeru TAKAGI
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Summary The purpose of the simultaneous activity
planning form is to achieve well engineered transmissions
without any rework in proceeding to the stage of mass
production preparations. This form is incorporated in new
design drawings based on the production design agreed upon
with the product development department concerning measures
for preventing quality problems and achieving cost reductions.
U-NAVI-(Q) (Unit Navigation-(Quality)) summarizes the
engineering methods, work procedures, rules and other aspects
that should be observed to ensure quality. It forms part of the
knowledge database for production information.
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Fig.1 Positioning of Simultaneous PIanhing Form and U-NAVI-(Q)
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Unit Production Engineering Department

1. Intr oduction

The simultaneous activity planning form was
already in use previously, but it was hardly being used
effectively. Therefore, the composition and other aspects
of the form were improved to make it easier for
development people to use. Furthermore, there was no
form that could serve as a model for executing a process
design. Accordingly, U-NAVI-(Q) was created as a text
for reliably compiling all previous measures taken to
deal with quality problems. This article describes the
simultaneous activity planning form and U-NAVI-(Q)
which have been skillfully linked to provide a powerful
tool for use by the product development and production
engineering departments.

2. Objective

The simultaneous activity planning form and
U-NAVI-(Q) are tools for preventing the recurrence of
previous quality troubles. The objectives here are to
achieve the desired quality in one production trial and
zero design changes after the official design release, as
set out in the basic concept of the V-3P program (Fig. 1).
In terms of their positioning in the overall framework of
V-3P, the simultaneous activity planning form is agreed
upon with the product development group in the middle
of the Unit Trial Production Technical Meeting
(UNITEC). It facilitates feedback of production
simulation data to the design drawings of the Unit
Confirmation (UC) lot, representing the first trial
production lot. However, agreement is usually not
reached on all items until the final stage of the UNITEC
data, at which point it is difficult to change the design
drawings.
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U-NAVI-(Q) is used to confirm that there are
no omissions of quality assurance measures when the
process failure mode and effect analysis (FMEA) is
conducted in executing the process design (Fig. 2).
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Fig. 2 Framework of V-3P in Manufacturing Operations

3. ¥ A< I)LEt ER DBt

31 YA <ILETEE &(E

0000000000000 O0O0ooOOooooO
000000000 oDO0o0oDOoooDoDogn
000000000 oDooooDooooDogn
000000000000 00D0O0D00OU-NAVI-
O Q* Production Design” O 0O 0O 0O OO OFMEADO
000 00o00O"00000000000000
00000000000 0o 0ooooooooo
0000000000000 omoooogon
000000 oooo0ooooooooooon
JooooopoDoooODODOOOoocevTOooOoOOO
ATOOOODODOOODOOOOoOOoOoOooOooOoOn
O00mMFig.3000

glimoooooooooobooobo
g2000o0ooooooboobooboobooooon
g3ouoooooonog
4000oooQubOUcCchs
gstoogoboobooooonoo

060 0000MUSTO HIGH WANT
grioogoboooobogoooooogooog
gstoooooogoo

gotmgn

_56_

3. Introduction of Simultaneous Activity Planning Form

3.1. Overview

The simultaneous activity planning form refers
to a tool for feeding back to the design drawings the
requests of production engineering concerning quality
assurance measures and cost reductions. It is used at the
time of launching production of a new product. The
contents of the form are described on the basis of the
production design items in U-NAVI-(Q), which will be
described later, and the design measures that are the
focus of process FMEA. It consists of a production
requirements list that also doubles as an agreed on
follow-up chart. It is broadly organized according to the
individual shops (machining, assembly, materials,
contamination treatment). Separate files are organized
for each part. The same details are shared for CVTs and
stepped ATs. Information is entered on the form for the
following items (Fig. 3).
(1)Part name : Items are entered for each part individually.
(2)Details : Details for which feedback to the drawings is desired
(3)Sketch or reference drawing number
(4)Purpose : Q, D, CorS
(5)Reason : Reason for wanting to change a drawing
(6)Importance : Must or High Want
(7)Suitability : Can the change be applied to new products?
(8)Reason for non-suitability and corrective measure
(9)Others
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3.2. Latest improvements

The following improvements were made this
time to deal with problems that have occurred to date in
using the simultaneous activity planning form.
(1) Addition and revision of entered information

O Revision of purpose of adoption (Ex: Promotion of
automation _, mprovement of operating ease)

O Added more production design items to U-NAVI-(Q)

(2) Improvement of reference drawings

O Reference drawings were prepared for things that
are hard to understand with just text explanations
alone; links were provided for accessing and
viewing the drawings.

O Links to related information were also added to the
reference drawings column to provide more
information than just the drawings.

(3) Revision of file organization

O Files are now organized according to each part,
because the previous arrangement was hard for
designers to understand.

4. Intr oduction of U-NAVI-(Q)

4.1. Motivation for creation
U-NAVI-(Q) was created as a global standard
that encompasses all the engineering standards, work
procedures, rules and other aspects that should be
observed in order to assure the desired quality in
monozukuri operations. The task of preparing U-NAVI-
(Q) begins with assembly. The major objectives of U-
NAVI-(Q) are:
(1) To improve the skills of the engineering staff by
centralizing the know-how of production engineering.
(2) To improve the launch quality of new transmissions
and to apply the same measures in parallel to current
transmissions.
(3) To utilize it in educational activities in combination
with the diversity process sheet.
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4.2, Composition and entered information
4.2.1. Composition
U-NAVI-(Q) consists of three types, one each
for CVTs, front-drive ATs and rear-drive ATs. The
composition of each one is outlined below.
0 U-NAVI-(Q) sheet
The U-NAVI-(Q) sheet of the relevant process is
linked to the diversity process sheet (standard process
sheet) as shown in Fig. 4.
0 U-NAVI-(Q) checklist (1)
This list shows the application and non-application of
items for every line and is used in managing the
application rate.
0 U-NAVI-(Q) checklist (1)
This list shows the specification differences of each
part and is used in making a horizontal specification
comparison (scheduled to be created in the future).

4.2.2. Entered information
The specified particulars and reasons are
entered for each item noted below. Links to the standards
(work process standards, etc.) related to each process are
provided in the reference standards column, making it
possible to refer to them.
(1) Assembly method
O Important information concerning the assembly
method is described.
O Examples of previous measures are also listed.

-

- J

Fig. 4-1 Diversity Process Sheet for Front-drive CVT
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(2) Production design
O Details to be fed back to the part design are entered.
O Must and High Want items are reflected in the (2)
Production design
O Details to be fed back to the part design are entered.
O Must and High Want items are reflected in the
simultaneous activity planning form.
(3) Equipment
O Important information concerning the equipment to
be assembled is described.
O Examples of previous measures are also listed.
(4) Jigs and tools
O Important information concerning the shapes of jigs
and how to use them is described.
(5) Operation
O Important information concerning work procedures
is described.

5. Future Aims and Issues

(1) Creation of systems
O Put measures firmly in place by incorporating them
in the production preparation process.
O Create rules to polish up the details (production
engineering, plant engineering, manufacturing, etc.).
(2) Education
O Strive to improve the level of understanding by
production engineering, plant engineering and
product development (scheduled to be used in new
employee education).
(3) Standardization
O Incorporate new improvements into Jatco
Engineering Standards (JES) and Jatco Engineering
Manuals (JEM).
O Begin to create lists of specification differences for
each line with respect to U-NAVI-(Q).
O Revise the details for use as a global standard (rate
of automation, skill level).

Kazuei SUZUKI

Hiroshi ITO
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Summary The automakers' demands for shorter
development lead times have grown increasingly stronger
in recent years. Against this backdrop, JATCO has
vigorously promoted the use of CAE tools to improve
design work efficiency and reduce testing man-hours.
This article presents examples of the use of CAE to boost
devel opment work efficiency.
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1. Introduction

The major issues in the development of
automatic transmissions (ATs) are (Q) to enhance
quality, (C) to reduce development costs and (D) to
shorten the development period. The targets set for
reducing the development period in particular call for a
dramatic shortening of development lead times compared
with the previous situation. Efforts are also being made to
reduce testing man-hours by using CAE to improve
prediction accuracy with respect to test results.

2. Current Status of CAE

JATCO began early on to use structural
analysis, fluid analysis and mechanism analysis, among
other tools. Initially, much of the software was targeted at
specialists in such analysis methods. In more recent
years, easy-to-use software targeted at designers has
come out that incorporates standard libraries and copy &
paste capabilities. Additionally, fluid analysis has seen
the emergence of analysis methods based on new
concepts such as the particle method.

This article describes the following two
examples (indicated in red in Fig. 1):

1) Fluid analysis using the particle method (MPS-
RYUJIN)

2) Hydraulic performance analysis and vehicle
performance analysis using the LMS Imagine.Lab
AMESim Suite (AMESim), a 1-D physics-based
simulation program

A website for introducing examples of CAE
activities has been created on JATCO's intranet as part of
the efforts being made to promote widespread use of
CAE. An explanation is also given here of this site called
Digital In-house.

000
Experiment Department



CAEIC L B BBZEEERAFEDNFRILICDNT

1M O0MMPS-RYWINDODODOOODOO
20 00000000000LMS Imagine.Lab
AMESIMIOOOAMESImO OO OOOOODO
ubooooobooaoo
UooCAED 0000000000 oooon
ooobb0CAEDUUOUOOOOODbDDDDD
goboobooboobobomobooboooboan

M FERICKDRBEERICONT

3.1. IR
0000000ooooooooooooooon
0oooooomoboomoooooooo
0000000 D0ODbOO0O0ODODOOOOdvVOER Volume
Of Fiddd OOODDOOOOoOOoOoovorFOOOOO
gooooooouooooooooooooon
goooooooooooooooooooon
gooooooooooooooooooooo
oooooooooooooon
OO000000O00O0O0O0004dMPSI Moving
Particle Semi-implicittD D 0 0 000 O 0O OO0 MPS
0000000000000 o0ooooooon
0000000000000 0000O00O00DOOOO0
O0DO0OOMPS-RYWINOOOODODOODODOOO
gobooooobuoooobooooon

322Xab—a OllE
gobbooooooooobobooooboogon
gobobooooobobooooobooooooogn
goboboooooboooooboooooboogon
gobooooobooobbooooobobooo
O0Fig.200000000O0DODODOODOOO
gooboooogn

Splashing

Breather chamber

Final Gear

Case

churnin

x ?’

Fig. 2 Calculation results obtained with the particle method

33. %R

Fig. 300 00OODLO0OO0OOobOoDOob0On
ggoooobobobobbboooooooooon
gobbooooobobooooobooooboooogn
O0OO0D0O0O0O000Frg. 30000000000
goboobooooboobooobbon
gboboboboboboooooooon

3. Fluid Analysis using the Partide Method

3.1. Current situation

The first example is for fluid analysis based on the
particle method. Transmission fluid behavior, including the
phenomenon of sloshing), has previously been calculated
using the Volume of Fluid (VOF) program for performing
fluid analyses. With the VOF method, calculations are
performed using a cut grid. However, in the case of
powertrains, especially with respect to fluid churning and
splashing due to gear rotation, analysis accuracy is poor.
Often, the design of the breather chamber has to be reworked.

There are many different types of particle
methods on the market,” including the Moving Particle
Semi-implicit (MPS) method.” The MPS method regards
a fluid as particles and solves the equations of motion
between the particles. It provides high analysis accuracy
for fluid churning and splashing.

MPS-RYUJIN software was used in this study
to calculate fluid churning and splashing caused mainly
by the gears.

3.2, Simul ation overview

The gears and fluid were regarded as particles
and physical properties such as density and kinetic
viscosity were given for the fluid. The particle diameter
was made large enough to be churned by the gears. Non-
rotational structural components like the case were given
as a boundary condition using polygon elements. Figure
2 shows the behavior of the fluid once it reaches a steady
state following the onset of the calculation.

3.3. Effects

Figure 3 compares the experimental and
calculated results for the flow of the fluid around the final
gear. The white circles indicate typical particle behavior.
The red arrow indicates the flow direction of the fluid. It
is seen in the figure that the calculated fluid behavior
agrees with the tendencies of the experimental results.

Previously, the occurrence of rework required
enormous man-hours and cost to examine corrective
measures and to change the dies involved. However, the
simulation program based on the particle method makes
it possible to calculate gear-induced churning and
splashing of the fluid at the design stage, thereby
facilitating a prediction of breather chamber
performance. This has resulted in a substantial reduction
of man-hours and cost.
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3.4. Future issues

In this study, the analysis focused on gear-
induced churning and splashing of the fluid in a state
where a test transmission was attached to a dynamometer
in the test laboratory. In future work, we want to conduct
analyses under a state simulating vehicle operation that
incorporates such conditions as longitudinal/lateral
vibration and changes in rotational speed.

4. Analyses of Hydraulic Performance and Vehicle
Performance

4.1, Current situation

This section presents examples of the
construction of a control valve model and a vehicle model.
Previously, the hydraulic pressure system and vehicle
system were modeled using numerical analysis software.
However, the numerical analysis software was an
equation-based tool. It took considerable time to formulate
the equations that were substituted for the hydraulic
system and vehicle system. Therefore, the AMESIm
program for 1-D physics-based simulation was selected to
replace the numerical analysis software as the tool for
modeling the hydraulic system and vehicle system.

4.2. Simulation overview

The AMESIim program already contains libraries
for the control valve and other basic parts, making it
possible to generate a model with copy & paste operations
(Fig. 4). The pressure in the hydraulic circuit of the control
valve differs depending on the location. The degree of fluid
aeration also differs depending on the location. As a result,
the volumetric elastic coefficient of the fluid and aeration
rate differ. With AMESim, the volumetric elastic
coefficient of the fluid can be varied in places. The notch in
the spool can also be modeled by applying a map of the
flow volume and opening area. Additionally, leakage can
also be calculated by defining the clearance between the
spool and its mating components.

Standard libraries for the torque converter, belt
and pulleys, clutch and other components have already
been created for use in modeling the vehicle system. A
model of a CVT-equipped vehicle can easily be created
by simply changing the parameters (Fig. 5).

® ___ Clutch
ol
- % ;  Belt and Pulley
Engine 7} : = AR
- e B N ‘P =>i<|"1El—(_:|» ©
&= 8 e «u[li& T, s
b ! bi _.@. :
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Torque |
Converter /7
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oil Pump

Fig. 5 Modeling of the vehi_cle
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4.3. Effects

Figure 6 compares the calculated and
experimental line pressure and secondary pressure of a
CVT for use with a large-displacement engine. The
simulation conditions were defined with AutoUp
software. The red lines are the calculated results and the
green lines are the experimental data. Reasonably good
agreement is seen between the two.

—]:>| throttle acceleration
3 Primary pulley
H /tcx

rojue

— Calculated

Torque [Nm]

Experimantal

Vehicle speed [Km/h]

/Vahicla speed

B
Time

Fig. 7 Primary pulley torque and Vehicle speed

Similarly, Fig. 7 shows the calculated and
experimental primary pulley torque and vehicle speed
found under a condition of full-throttle acceleration for a
CVT used with a large-displacement engine. These
results also show good agreement.

With the AMESIim program, it is possible to
use copy & paste operations for the already prepared
component models, so there is no need to think about
formulating calculation equations. As a result, the
number of modeling man-hours can be reduced to around
1/3 to 1/6 of the time needed with the equation-based
numerical analysis software used previously. The use of
this program also leads to improved accuracy of the
models themselves because there are no errors due to
careless mistakes in formulating equations.

4.4, Future issues

In future work, we want to extend the analysis
of fluid behavior in the control valve to include the
calculation of hydraulic pressure fluctuations and also
extend the analysis of vehicle behavior to include a
consideration of judder and other phenomena.

5. Posting of Analysis Examples on JATCO's Intranet

As a final topic, this section describes efforts
being made to expand the use of CAE. We have created a
CAE website on JATCO's intranet with the aim of
promoting company-wide use of CAE tools by improving
their accuracy and efficiency. This site is called Digital
In-house. The objectives are to:
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1) Promote CAE-based activities

2) Share information resulting from CAE-based activities

3) Improve the skills of employees responsible for design
and analysis

Analysis examples and information are
categorized by department and by topic. Animations are
used wherever possible to stimulate everyone’ s interest
in CAE. The following information is entered for each
example: (1) Title, (2) Person in charge, (3) Name of the
analysis tool, (4) Brief introduction of the contents, (5)
Difficulties encountered and (6) Contact information.
Examples of analyses shown at the Digital In-house site
are given in Figs. 8 and 9.

Figure 8 shows a calculation of the behavior of
contaminants sucked in from the strainer in the oil pan.
The contaminants are shown in red. For greater ease of
understanding, the number has been dramatically
increased and they are shown in a rather large size.

Figure 9 is a vertical cross-sectional slice of the
clutch showing the temperature distribution during clutch
engagement. The temperature increases toward the red
side and decreases toward the blue side.

The Digital In-house site provides information
only in one direction at present. A study is now under
way, however, to add a questionnaire function in the near
future to facilitate two-way exchanges of information.

6. Condusion

This article has presented simple examples of
the use of CAE to boost work efficiency. We will
continue to undertake the challenge of developing new
analysis methods in the future so as to enhance work
efficiency and reduce testing man-hours further through
the application of CAE. Initiatives like the Digital In-
house site will also be continued to promote the spread of
CAE and support its use.
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Summary A new-generation low-inertia transient
dynamometer has been developed for use in automatic
transmission performance testing. A newly developed PM
motor with very low inertia was adopted to reproduce
transient torque waveforms accurately when shifting. This
transient dynamometer facilitates highly accurate
performance testing of automatic transmissions.
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Table 1 Specifications of New Transient Dynamometer

TYPE I TYPE Il TYPE III
Consecutive rating output 94 kW 145kW 235 kW

One minute rating output | 126 kW _20% ED]283 kW 10% ED|393 kW 50% ED
Base / rotational speed 6000/8000 rpm 6000/8000 rppm 5000/8000 rpm

Consecutive rating torque 150 Nm 230 Nm 450 Nm
One minute rating torgue 200 Nm 450 Nm 750 Nm

Dynamo moment of inertia] 0. 012kg'm"2 | 0. 033 kg-m"2 0. 053 kg'm"2
Simple substance angular
acceleration (Consecutive 12500 rad/sec”2
rating)

Simple substance angular
acceleration (One minute

rating)

6970 rad/sec”2 8490 rad/sec”2

16666 rad/sec”2 13636 rad/sec”2 14150 rad/sec”2

Tooo
Experiment Department

1. Intr oduction

1.1. Motivation

Many dynamometer tests are conducted using
an actual engine in the process of developing a new
automatic transmission (AT). The use of an actual
engine gives rise to the following problems.

(1) The power output curve varies depending on the
environmental conditions, especially the weather
conditions.

(2) The power output curve may vary from test to test.

(3) Obtaining an engine may be difficult, if it is being
developed concurrently with the AT.

(4) 1t is difficult to measure the input torque.

With the aim of resolving these problems, we
developed a motor-powered dynamometer test rig
(referred to here as a transient dynamometer) specifically
for AT performance testing. It has moments of inertia
similar to those of an actual engine and has been used in
conducting AT performance tests since 1991. %

e D N "8
Fig. 1 Appearance of New Transient Dynamometer
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1.2. Background and objectives for development
of a new-generation dynamometer

Automatic transmissions have diversified
considerably in recent years, including the addition of
more speeds to stepped ATs and the development of
continuously variable transmissions (CVTs) and hybrid
drivetrains. Control systems have also become much
more sophisticated. Additionally, there are increasingly
stronger demands today to shorten the development lead
time. To cope with this situation, efforts have been made
to improve the efficiency of conventional dynamometer
tests, but the following capabilities are now necessary:
(1) To be able to conduct engine-less tests in line with

virtual engine development
(2) To be able to conduct vehicle-less tests in line with
virtual vehicle development

In cooperation with Shinko Electric Co., Ltd.,
we developed and installed a new-generation low-inertia
transient dynamometer which is described here.

Fig. 1 shows the appearance of the new
transient dynamometer, and Table 1 lists the
specifications of the dynamometer lineup.

2. Aims of New-generation Transient Dynamometer

2.1. Problems with previous dynamometers

The following problems surfaced with the
previous dynamometers that were used in AT
performance testing.

(1) The increase in engine power expanded the
divergence between the moment of inertia of an
actual engine and that of the input motor.

Fig. 2 compares the moments of inertia of actual
engines and the transient dynamometer.

(2) The simulation control response for AT control was slow.

(3) The test equipment could not provide engine-AT
control equivalent to that of an actual vehicle.

2.2. Required functions
The following aims were set for the new

transient dynamometer.

(1) To lower inertia by reducing the motor diameter.

(2) To improve the mountability of ATs and to simplify
the configuration of the mechanical system.

(3) To improve the simulation function and to enhance
the communication capability with the engine-
transmission control system.

3. Newly Developed F unctions

3.1. Reduction of input dynamometer inertia

A permanent magnet (PM) motor was adopted
for the new transient dynamometer, achieving a smaller
diameter that was reduced by half and a low moment of
inertia that is only 1/10 of the previous level. Fig. 3
compares the motor dimensions during the development
process, and Fig. 4 shows the appearance of the new
low-inertia motor.
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3.2, Electricinertia control with real-time response

A newly developed electric inertia control
system that provides real-time response was adopted on
both the input and output sides of the dynamometer. The
system can simulate inertia in a range from 0.3 to 400
times the actual value and provides exceptionally fast
response, as the time constant of the response was
shortened from 100 ms to 5 ms. Fig. 5 compares the
electric inertia compensation of the control system with
the mechanical inertia on the AT load side of the bench
test rig.

3.3. Simplification of mechanical configur ation

Fig. 6 and 7 show the mechanical configuration
of the previous dynamometers, and Fig. 8 shows that of
the new-generation transient dynamometer. The
mechanical configuration was substantially simplified by
adopting a PM motor and the electric inertia control
system with real-time response.

3.4. Extension of simulation function

A hardware in the loop system (HILS), which
is used in developing AT control units (ATCUs), was
diverted to generate pseudo engine control signals for
use in conducting simulations. This made it possible to
use an actual ATCU. As a result, in addition to
improving the functionality of the dynamometer itself,
the communication and simulation functions were also
dramatically enhanced. Fig. 9 is a schematic diagram of
the system for generating pseudo engine control signals.

Load-side dynamometer system
(equal-speed gear, speed-up gear + FW + ED - Dyn)
Bench for
installing test
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e tr . 1

> |
| Test S F
- transmission| - gy
T/M L

T\

Low-inertia transient dynamometer

Low-inertia
transient dynamometer

Battery voltage

i DA inlerFaCEi 7

HILS syste I

v

)

H

H |

H

P
| : e, L System
(B= - Simulat les 1 control unit
Control command imulator } L — —

| enginamoce
i

Fig. 9 Pseudo engine Signal Generation System

Simulation functions
(th




HEEEENS O b - FATEDORFE

4. Z5 R4 RESR BRN D3 A

ooATOOO0O0OO0O0OOOO0OO0DOOOOOO0OO0D
booobooooooboooooooooooon

Fig.100 AuTO UPO O OOOOOODmMOODO
OENGMDOOOOOOooO0omwTROIOOODOOO
goboooooooobooom
ENG-DYN vs TR-DYN

| Ne (EX

Ne (TR)

Engine speed [rpm]

Tima  [sec)

Fig. 10 Comparison of Driveshaft Torque between Engine
Bench Test and Transient Dynamometer

goooooooooooooooooooooa
OoooooATOODOOooOoooooooooo

O00D0O00OFg 110000

ENG—DYN vs TR—DYN Vs Vehicle‘

Ne {Vehicle]
Ne (ENG) g 'ce_)

ration G

N AAA AN, A in
.“..{;U..'J..\ﬂ;.ff.u.f;‘".\” Vi gl ha
SFT Trq(Vehicld) | L

[{\Vf'\f‘ \_A'-‘C;'B

\

Engine speed [rpm]
Torque (M)

; H CalélEngTrq (Vehicle)
arEngTrq (ENG) CanEngTrq (TR) :

Time [asc:

Fig. 11 Comparison of Driveshaft Torque Between Car,
Engine Bench Test and Transient Dynamometer

oo bobouoooboo
gobooboooboboobooobooboon
gooooooooooobobooobobbbbobobb
oboboboboboboboboboboo

5 F&8

gobbooooooooobooooooon
gooooATO0OO0Oooooooooooooo
gooog
goboobooboooobooo
1ATO 0D DOO000O00Doobooobooobooon
200000000 0b0booobobooobOoon
gLooboobooboboooboobooboo
gboooooooooooooooogoo
gbobodgbobooobood

_69_

4. Application to Shift Performance Tests

Shift performance tests were conducted on the
same AT wusing the new-generation transient
dynamometer and an engine dynamometer. Fig. 10
compares the test results for an automatic upshift. The
abbreviations ENG and TR in the figure indicate the
results for the engine dynamometer and the new transient
dynamometer, respectively. The measured driveshaft
torque behavior shows good agreement between the two.

Similarly, Fig. 11 compares the driveshaft
torque measured with an actual vehicle and with the two
dynamometers for the same AT. Nearly identical output
torque waveforms were obtained in all three tests. This
good agreement verified that the new-generation
transient dynamometer provides sufficient accuracy for
use in shift performance testing.

5. Conclusions

The development of this new-generation low-
inertia transient dynamometer has made it possible to
conduct shift performance evaluations of the latest types
of AT. The advantages of this dynamometer include the
following benefits:

(2) It achieves steady AT input/output characteristics to
provide good reproducibility.

(2) Validation tests can easily be conducted without
using a prototype engine.

(3) It greatly improves the efficiency of shift
performance/conformance testing because transient
engine output characteristics can be readily varied.

6. Future Prospect for New-generation Transient
Dynamometer

Work is currently under way to further expand
the scope of use of the new-generation transient
dynamometer in shift performance testing and to apply it
to reverse engineering for engines and other units.

The numerous technologies obtained through
the development of this transient dynamometer will also
be used effectively in various ways, including
application to a bench test load simulator.

Lastly, the authors would like to thank
everyone concerned for their tremendous cooperation
with the development of the new-generation low-inertia
transient dynamometer.
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Summary The Prototype Manufacturing Group is
proceeding with various activities to accomplish the goals
of V-3P. Efforts are focused in particular on substantially
shortening the prototyping period as a way of improving
development work efficiency. This article outlines typical
activities under way in this regard and describes examples
of the application of rapid prototyping technologies.
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1. Intr oduction

Virtual product development using CAE
simulation and other tools is expanding today in the
transmission development process. We are proceeding
with efforts to shorten the prototyping period by merging
various measures with speedy validation using real parts
S0 as to contribute to improved simulation accuracy and
shorter overall development lead time.

Because continuously variable transmissions
(CVTs) and automatic transmissions (ATs) incorporate a
wide variety of functions, it is necessary to approach the
task of reducing the prototyping period from various
perspectives involving the materials and engineering
methods. The key points in promoting these activities
efficiently include:

(1) Effective utilization of the latest digital tools
(2) Merging of prototyping and manufacturing skills

2. Short Prototyping Process M atching Each Phase

2.1. Scope of activities
Under the V-3P program, we are transforming
the product development process from the previous
sequential flow to a concurrent work process. To
accomplish that, the physical prototyping process has
been divided into three stages, and the optimum process
and technologies are being refined for each one (Fig. 1).
(A) Product planning stage: Introduction of drawing-less
prototyping
(B) Initial development stage: Application of rapid
prototyping for parts
(C) Final development stage: Shortening of the physical
prototyping period

000
Experiment Department
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2.2, Introduction of a drawing-less prototyping
process at the product planning stage

Design study models of parts are being turned
directly into machining programs for producing actual
physical models. This makes it possible to produce a
physical model of a concept quickly at the advance
planning stage, thereby allowing prior confirmation of its
potential. We have already started to apply this approach
to actual development projects.

2.3. Application of rapid prototyping

Rapid prototyping (RP) from 3D model data is
being introduced as an ultra-fast prototyping method at
the initial development stage. In general, RP techniques
are broadly classified as stereolithography, laminated
object manufacturing (LOM), fused deposition modeling
and selective laser sintering, among other methods.
Currently, selective laser sintering (either powder
sintering or powder deposition) is the main RP technique
that is practical for transmission parts. In addition, a pre-
cutting method is also effective in shortening the
prototyping time for parts requiring high accuracy
because it eliminates the need for specialized tools that
take considerable lead time to fabricate.

Section 3 of this article mainly describes
examples of the application of LOM and pre-cutting to
castings of transmission cases/torque converter housings
and gears, which present lead time bottlenecks in the
transmission prototyping process.

2.4. Shortening of physical model prototyping period
In the final development stage, a final
confirmation must be made by assembling a physical
transmission model. Because CVTs and ATs are composed
of many part assemblies, the unit prototyping period is
shortened through various lead time reduction measures
that involve skillful combinations with information
technology (IT), including the use of 3D models, and the
elimination of process management losses. The four major
measures used to reduce lead time are noted below:
A) Manufacturing dies/molds concurrently with 3D data
generation/modeling
B) Application of RP methods to bottleneck parts
C) Complete elimination of procurement time losses
through effective use of IT
D) Closer cooperation with the suppliers of bottleneck
parts manufactured outside
The combined use of these measures has
shortened the prototyping period by approximately 30%
compared with the previous level, enabling us to achieve
one of the shortest prototyping lead times in the industry.

2.5. Lead time reduction through effective use of
digital tools

The generation of programs for NC machining

operations and measurement programs for the inspection
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Fig. 2 Sand cast by laminated molding mode

@ The table is lowered.

2 ‘ i ?ﬁ

Fig. 3 Sand Mold Exémple

Fig. 4 Lead Time of RP for Gears  Fig. 5 Cast Example

process requires considerable lead time in the
prototyping process. Examples of the use of 3D model
data to shorten the respective process time are described
in Sections 4 and 5, respectively.

3. Examples of the Application of RP Methods

3.1. RP of cases/housings
3.1.1. RP of castings

Previously, the production of rough castings
accounted for 60% of the lead time needed for
cases/housings, and approximately 90% of it was
devoted to the fabrication of a master model. The
application of RP to the casting process eliminates the
need for a master model, resulting in a substantially
shorter prototyping period (Table 1).

3.1.2. LOM-based RP sand casting process

As illustrated in Figs. 2-5, a casting mold can
be fabricated directly by laminating layers of sand and
applying an adhesive only where it is necessary. The
advantage and disadvantage of this approach are detailed
in Table 2. Because ordinary casting sand can be used as
the mold material, previously accumulated casting
expertise can be applied, which is advantageous for both
quality and delivery lead time.

3.1.3. RP lost-form casting using a laminated mold model

A model made of laminated layers of plastic is
placed in a frame and gypsum is poured in around the
frame and hardened. The gypsum is then heated and the
plastic model is evaporated to complete the formation of
the gypsum casting mold (Figs. 6 and 7).

The advantages and disadvantage of this
process are detailed in Table 3. The main advantage is
that very accurate dimensions are obtained because the
casting mold is one integrated piece without any parting

Table 2 Advantage and Disadvantage

Advantage Accumulated casting knowledge can be applied because the same casting process is used.

Disadvantage | Micro sand cannot be used, so the process is a little unsuitable for precision casting.
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Fig. 7 Casting Example

3.2. RP of gears
3.2.1. RP process for gears

The fabrication of the hob cutter used to cut gear
teeth is the lead time bottleneck in the prototyping of gears
(Table 4). Therefore, a study was made of a RP process for
gears without using a hob cutter, and the process was
applied to the production of a prototype helical gear.

The following section explains the RP process
developed for gears using a wire electrical discharge
machine (WEDM) and a gear grinder. Therefore, a study
was made of a RP process for gears without using a hob
cutter, and the process was applied to the production of a
prototype helical gear.

The following section explains the RP process
developed for gears using a wire electrical discharge
machine (WEDM) and a gear grinder.

7 1 N

Fig. 8 WEM Machine & Macining Scene

3.2.2. Process explanation
With the WEDM process, an electric current is
passed through a conductive wire held tight by wire
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guides. Spark discharges are generated in ionized water
to cut the workpiece by destroying its metallic
molecules. In terms of the machine capabilities, the
upper and lower wire guides can be driven separately
and also over a wide range of angles. Those capabilities
were used to machine the helical gear to near net shape.

The machining program for the helical gear
was generated by first calculating the difference between
its upper and lower circumferential angles. A 3D model
of its approximate helical shape was then created and
CAM software for WEDM was used to generate the
machining program. The wire used was a special type for
machining wide-angle tapers (Fig. 8).

The helical geometry was directly executed in
near net shape (Fig. 9), and the helical angle and gear
accuracy were corrected in the next process using a
forming gear grinder to complete the gear (Fig. 10).

This RP process reduces the lead time by
approximately 20% while providing accuracy equal to
that of a hob cutter.

4. Lead Time Reduction Through Effective Use
of Digital Tools

4.1. Application of CAM to the machining of
cases/housings

Previously, the machining programs for
cases/housings were prepared by programmers from 2D
supplementary drawings. We customized automatic
programming software for machining molds/dies and
applied it to the machining of cases/housings. This CAM
software automatically generates a machining program
directly from 3D model data to shorten the prototyping
lead time.

In generating a machining program, the
surfaces to be machined are extracted from the 3D data
(Figs. 11-1 and 11-2). This enhances visibility when
conducting a machining simulation and also allows the
volume of the 3D part data to be reduced, thereby
improving work efficiency.

Fig. 11-1 3D Model of Finished Product
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Fig. 11-2 3D Model Showing Surfaces to be Machined
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Fig. 12 CAT Example

5. Reduction of Quality Assurance Time Through
Effective Use of Digital Tools

5.1. Application of CAT to inspection of machined
cases/housings

Computer-Aided Testing (CAT) software is used
to create a measurement program in advance before actual
workpieces exist, which greatly shortens the inspection time.

CAT software uses 3D models of the 3D measuring
system and workpiece to create a CNC program for the
measuring system in virtual space. The measurement program
can be visualized by running a simulation, making it possible
to confirm any interference or other problems in advance. As a
result, measurement of the actual workpiece can be initiated
by simply adjusting the coordinate system (Fig. 12).

Moreover, in combination with other measures
such as doing the setup work separately for the creation of
the 3D measurement program, the lead time for the quality
assurance process has been substantially shortened.

6. Future Efforts

This article has described various measures
being taken to shorten the prototyping period in order to
improve development work efficiency further. These
measures are being skillfully combined with speedy, real-
time validation, amidst the ongoing expansion of virtual
development activities under the VV-3P program. A recent
trend in RP equipment technologies, for example, is the
notable development of capabilities for forming a variety
of metal parts directly from 3D model data. The use of
such RP technologies can shorten the prototyping period
even further. Accordingly, we plan to follow the latest
trends in this field and speedily implement useful
methods, while at the same time working together with
related departments to build suitable systems for applying
such technologies quickly to actual development projects.
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Summary In November 2004, JATCO launched
production of the new steel belt CVT2 for use on 2.0-
2.5L class vehicles. The CVT2 was developed as a new
model to succeed the previous Hyper-CVT. Following its
initial introduction in the Japanese market, the CVT2 has
been steadily applied to 2.0-2.5L front-wheel-drive
vehicles worldwide.

This article describes the new technologies
developed for the oil pump of the CVT2.
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1. Intr oduction

Continuously variable transmissions (CVT),
fuel cell vehicles and hybrid vehicles are all seen as
effective technologies for improving vehicle fuel
economy. Compared with the other technologies, CVTs
are relatively easy to implement in vehicles without
making major changes to the overall vehicle system. For
that reason, it is expected that CVTs can readily
contribute to the environment today by expanding their
scope of application as a general-use technology.

Competition among the automakers in the
traditional areas of safety and comfort is continually
intensifying more than before. In this regard, the
performance demanded of automotive transmissions
today is severer than ever. There are strong needs to
elicit more fully the attractive performance attributes of
CVTs.

JATCO was one of the first to focus attention
on CVTs and has consistently been at the forefront of
CVT technology. Featuring a torque capacity of 250 Nm,
the CVT2 was newly developed to provide enhanced
fuel economy, improved shift performance and a
smaller, lighter package compared with the previous
Hyper-CVT. Together with the large-capacity CVT3 and
the CVT1 for use on small cars, both of which were
launched earlier in 2002, the CVT2 gives JATCO a full
lineup of new-generation CVTs.

The following sections describe the new
technologies developed for the CVT2 oil pump in order
to achieve the performance improvements noted above.
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Table 1 Oil pump major specification

CVT2 Hyper-CVT
Torque capacity (Nm) 250 200
Installation configuration External Independent
shaft
Speed increasing ratio 1.129 —
Basic displacement (cc/rev) 18.7 19.6
Tooth type Vane TCP
Volume (cm3) 1086 1379
Weight (g) 1556 5891
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2. Major Oil Pump Specifications

The major specifications of the oil pump are
given in Table 1 in comparison with those for the Hyper-
CVT.

A high-efficiency vane pump was adopted for
the CVT2. Because the oil pump itself is more compact
and the overall length of the CVT2 has been shortened,
the pump is installed underneath the transmission. The
oil pump is driven by means of a chain and sprockets
from the torque converter coupled directly to the engine.

3. Features of the Technologies Adopted

3.1. Improvement of fuel economy
The drive torque of the oil pump was reduced
to improve the fuel economy obtained with the CVT2.

3.1.1. Adoption of a vane pump

The internal gear pump used with the previous
Hyper-CVT was changed to a vane pump. Compared
with an internal gear pump, a vane pump has less sliding
resistance and also higher volumetric efficiency, making
it possible to lower its theoretical discharge rate, which
allows the pump drive torque to be substantially reduced.

On the negative side, a vane pump is generally
more expensive than a gear pump because of its
structure. The cost was greatly reduced, however, by
sharing parts with the vane pump of the power steering
system.

3.1.2. Adoption of a flow control valve

Reducing the rotor diameter is one effective
way of lowering the torque needed to drive the oil pump.
However, in order to secure a certain discharge rate, it is
necessary to increase the rotor width to the extent that
the diameter is reduced. A thicker rotor, however,
reduces the supercharged pressure of the oil flowing into
the vane chamber, which tends to cause cavitation.

Fig. 1 Flow
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Fig. 3 Rigidity analysis
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A flow control valve was built into the oil
pump to improve efficiency and prevent cavitation,
which are conflicting performance requirements. The
flow passage geometry was designed on the basis of a
flow analysis so that the excess oil flow from the flow
control valve is effectively forced into the suction side of
the pump. That improves the supercharged pressure of
the oil flowing into the vane chamber, thereby
preventing cavitation from occurring. At high operating
speeds in particular, the supercharged pressure of the oil
is greatly reduced by the presence of air produced by oil
agitation in the powertrain. Therefore, the amount of air
contained in the oil under actual operating conditions
was made clear, and the optimal flow passage geometry
was determined so as to improve supercharging
performance even in the presence of air in the oil (Figs. 1
and 2). As a result, the diameter of the sliding members
was reduced by 50%, enabling the pump drive torque to
be reduced by approximately 15%.

3.2. Improvement of shift perfor mance

The discharge performance of the oil pump,
which serves as the hydraulic pressure source, was
improved to provide smooth shift performance under all
sorts of driving conditions. That was accomplished by
further improving the volumetric efficiency of the oil
pump under high-pressure and high oil temperature
conditions.

3.2.1. Adoption of a side plate

To secure sufficient belt clamping pressure, a
CVT operates under high hydraulic pressure of 4-6 MPa.
This makes it necessary to constrain the increase in
internal clearance due to the hydraulic pressure. For the
CVT2, a side plate was added to the side wall of the
rotor to maintain suitable clearance even under high-
pressure operation. This works to reduce internal
leakage, thereby stabilizing and improving the discharge
performance of the oil pump.
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3.2.2. Optimization of side clearance

Another function required of the side plate is
to prevent seizure due to contamination. The rigidity of
the side plate was analyzed in order to set the optimal
side clearance so as to ensure the desired discharge
performance without side surface seizure developing,
regardless of the diameter and volume of contamination
occurring inside the CVT. It was also necessary to
further improve the seizure resistance of the rotor side
surface in order to maintain the optimal side clearance
even under high-pressure, high-speed operation. Based
on an analysis of rotor and vane behavior, it was found
that adjusting the volume of the back pressure grooves
provided on the rotor enabled the rotor and vanes to
maintain a neutral position between the side plate and
the cover, thereby improving seizure resistance (Figs. 3
and 4). As a result, volumetric efficiency under high-
pressure, high oil temperature operation was improved to
more than 90%.

3.3. Smaller and lighter package
The layout of the oil pump was substantially
modified to reduce the size and weight of the CVT2.

3.3.1. Independent oil pump shaft

Instead of positioning the oil pump on the
engine shaft as was done previously, it now has an
independent shaft and is driven by a chain. This change
contributed to shortening the overall length of the CVT2.
In addition, the pump itself was also reduced in size
because the shaft of the torque converter stator no longer
has to pass through the pump interior (Fig. 5). As a
result, the overall length of the CVT2 was shortened by
approximately 41 mm compared with the Hyper-CVT
and its weight was reduced by about 4 kg.

4. Conclusions

The development of a new vane pump made it
possible to improve the fuel economy obtained with the
CVT2, enhance its shift performance and reduce its size
and weight. This new-generation CVT is designed for
use on 2.0-2.5L class front-wheel-drive cars.

(1) Improvement of fuel economy
The adoption of the vane pump and a flow
control valve allowed a smaller rotor diameter,
resulting in a smaller oil pump size and a reduction of
the pump drive torque by approximately 15%. That
has a large effect on improving vehicle fuel economy.
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(2) Improvement of shift performance
The adoption of a side plate and
optimization of the side clearance improved
volumetric efficiency to more than 90% under high-
pressure and high oil temperature operation. That
makes it possible to improve both the acceleration
performance and acceleration feel at the vehicle level.
(3) Smaller and lighter package
Positioning the oil pump on an
independent shaft reduced the overall length of the
CVT2 by approximately 41 mm and its weight by
about 4 kg in comparison with the Hyper-CVT. As a
result, the CVT2 is compatible with newly developed
vehicle platforms and contributes to improving
vehicle crashworthiness. It also helps to reduce the
vehicle's minimum turning radius.

Finally, the author would like to thank various
individuals at KYB Co., Ltd. and also many people at
JATCO for their invaluable cooperation with the
development of the new oil pump.
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Summary This article describes the specific features
of a new 4,000-ton integrated forging line that was
established in accordance with JATCO's production
system as the facilities for producing fixed pulley halves
for the CVT2. It also describes a newly installed 5-axis
machining center that greatly shortens the lead time and
reduces the cost of manufacturing dies for the new line.
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Fig. 1 Forged pulley parts for CVT2
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1. Intr oduction

With greater attention being focused on global
environmental protection in recent years, the automotive
industry has moved quickly to achieve higher fuel
efficiency and reduce fuel consumption further. The steps
being taken include the development of hybrid powertrains,
addition of more speed ranges to automatic transmissions
(ATSs), adoption of continuously variable transmissions
(CVTs) and the use of lighter, more compact systems.

Against this backdrop, the main components
of ATs and CVTs are becoming increasingly more
complex in shape owing to efforts made to lighten and
downsize transmissions so as to reduce manufacturing
costs and improve environmental performance. At the
same, these components are being designed to satisfy the
requirements for both functionality and ease of
manufacture. The Production Division is also being
called upon to save energy and improve material yields
as part of JATCO's environmental protection efforts.
Netshaping of high-accuracy components that facilitate
the further integration of parts and allow more complex
product shapes has become an important technical issue.

This article describes a new 4,000-ton integrated
forging line that successfully mass produces the intricately
shaped fixed pulley halves that are key components of the
CVT2. The installation of this line is one example of the
efforts made to resolve the various issues mentioned above
as early as possible. It also describes a 5-axis machining
center that was installed to facilitate low-cost production
of the toothed die needed for forming the parking gear.
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Fig. 2 Integration of pulley parts
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2. Challenges for the Forging Group

The development challenges set for the CVT2
were to reduce the size and weight compared with the
previous CK2 unit. Along with reducing the weight, the
overall length was to be shortened by 10% to improve
vehicle mountability and fuel economy. To meet those
challenges, it was necessary to integrate principal pulley
parts. Figure 1 shows a cross-sectional view of the CVT
along with several forged pulley parts. Figure 2 shows
the details of typical examples of the integration of
pulley parts.

3. Concept of New Forging Line

Previously, our forging lines capable of
producing fixed, shafted pulley halves at JATCO were
limited. When the plan for producing the CVT2 was
presented, it become necessary to increase our forging
facilities.

The fixed pulley halves to be produced require
a forge forming process combining hot and cold forging
operations. That process is especially needed to form the
parking gear tooth shape, which requires high accuracy,
on the backside of the outermost part of the sheave face.
It was also predicted that the precision nature and heavy
weight of the fixed pulley halves might cause problems
if they were handled in the conventional manner. The
pulley halves might suffer bruises after forging and
during transport between processes, and handling them
would be a tough job.

JATCO has an integrated production system in
the processes from casting/forging to machining and
assembly. Production in the forging process is managed
in synchronization with the following processes,
including the machining operations. Traditionally, each
machine in the forging process produced parts
independently, which necessitated the wasteful practice
of storing forgings temporarily. In order to ensure
competitiveness, it was necessary to configure the
forging line so as to reduce such stocks as much as
possible.

As illustrated in Fig. 3, the new forging line
has been entirely integrated from cutting to the final
finishing process after forging, with the aim of resolving
the issues mentioned above.

4. New Technologies for New Forging Line

Previously, the standard configuration of the
company's forging lines was integrated from the hot
forge forming process through the constant-temperature
annealing furnace to the shot blasting process. The steps
taken for the new line include:

(Hot forging section)

O Installation of an unmanned cutting machine with an
automatic gravity-based measurement function

O Adoption of an unleaded lubricant for long-shaft
extrusion forming

O Installation of a feed device for transferring individual
pulley halves following hot forging; this device supports
production of both fixed and sliding pulley halves

0 Adoption of a rotary hot-air circulating system for the
constant-temperature annealing process
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(Cold forging section)

O Adoption for a single-fluid lubricant system for the
surface coating process before cold forming

O Direct connection to the visual inspection line of all
products following cold forging

O Direct connection to a robot palletizer following
visual inspection (transport on the line without human
intervention)

This line with integrated and directly
connected processes from the cutting machine through
the hot forge and incandescent annealing furnace to the
subsequent cold forge forming process is the only one of
its kind anywhere in the world.

5. Example of New Technology : Release Agent
for Hot Forging

The fixed, shafted pulley halves with a sheave
face are difficult parts to form by extrusion in the forging
process. In addition, the lubricating agent used is one of
the most important aspects of the forming conditions
during forging. It is necessary to set the lubricating
conditions to match the shape being formed. In extrusion
forming, it is especially important to optimize the
lubrication conditions (type and coating condition)
because they have a large impact on productivity.

In recent years, there have been strong
requests from the shop floor for the improvement of the
working environment. That situation made it difficult to
adopt the leaded release agent that had been used for
many years at JATCO in the extrusion forming process
for shafted pulley halves.

Therefore, a spike test, which is a scientifically
established method of testing lubricants, was used to
evaluate the performance of various release agents
before adopting one for the new forging line. The
optimum release agent was tested and selected under a
condition where the die shape was fixed to a certain
extent. Moreover, an attempt was made to optimize the
lubrication conditions of an unleaded lubricant (white
colored) for which there is a strong need.

Figure 4 shows an outline of the spike test. In
simple terms, the lubrication performance of a release
agent is judged to be acceptable or unacceptable on the
basis of the forming load and the spike height of the
material formed by the die.

Spike tests were conducted on two types of
leaded lubricants (water-soluble leaded type A and
leaded emulsion type B) conventionally used in shafted
pulley half extrusion forming and two types of water-
soluble unleaded lubricants (conventionally used type C
and test lubricant type D). A detailed explanation of the
test conditions will be omitted here. The die temperature
was set at 22000, the temperature at which a large
quantity of leaded release agent tends to stick to the die,
and water was used to dilute the lubricant.
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Figure 5 shows the relationship between the
spike height and load as one example of the evaluation
results for forward extrudability. The numbers in the
figure indicate the dilution ratio, and the data are the
average values for n=3. The water-soluble leaded type A
showed stable lubrication performance with less variation
due to concentration differences than the leaded emulsion
type B. The results indicate that the water-soluble leaded
type provided excellent lubrication performance that was
little affected by differences in concentration. It is
thought that solid film lubricants have better lubrication
properties than fluid film lubricants. Test lubricant type
D showed a higher load than the water-soluble leaded
type A and the leaded emulsion type B, but the spike
height was identical. A comparison of the conventionally
used type C and the test lubricant type D reveals better
lubrication performance for the latter, characterized by a
lower load and a higher spike height.

In the past, many tests were conducted
repeatedly in determining the forging conditions for a
new line or a new product shape. The successful
selection of the release agent on the basis of the results
of advance laboratory tests alone, as described above,
represents a significant accomplishment.

6. Joint Efforts with Manufacturing Department
to Improve OEE

The facilities for forgings/castings were
originally large stand-alone machines with high
universality. To incorporate them into one integrated
line, it was necessary to install conveyors or
manipulators, designed to handle specific shapes, in
order to link the machines. Because of space limitations,
dedicated facilities with a special structure were often
used. In addition, owing to the size of the facilities, it
was not possible to conduct integrated line trials at the
equipment manufacturer. The only option available was
to conduct a single trial launch on the shop floor. As a
result, there were often many problems with the material
handling equipment at the time of the launch.

To avoid those problems, a project was
initiated to improve overall equipment effectiveness
(OEE) in cooperation with the Process Engineering
Section of the Manufacturing Department and the Die
Making Section. The general manager was made the
project leader in order to have a top-down decision-
making process, and a specialized project team was
formed. Meetings were held twice a week to report on
progress, and the production status was confirmed at
morning staff meetings every day. Measures were
implemented to deal with equipment breakdowns
analyze the causes of brief line stoppages, improve die
life and shorten setup time, among other improvements.
In addition, persons with experience in the production
launch at JATCO Mexico also attended the meetings
through the cooperation of the Plant Engineering
Section. Their knowledge was also actively utilized in
making various improvements. As a result of these
activities, OEE was boosted to more than 60% by the
end of March 2007, compared with a low level of around
30% initially at the time production was launched.
Efforts are still under way at present to attain our
ultimate goal of 75% OEE.
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7. Die Making Activities

The Die Making Section supplies the dies for
the new forging line. A 5-axis machining center was
installed to perform the four operations for producing the
toothed die that forms the gear portion of the integrated
parking gear and fixed pulley half. The following
sections describe the substantial cost reductions and
shorter lead time obtained with this machining center
thanks to its high-speed machining performance.

8. Background Behind High-speed Machining
with the 5-axis Machining Center

High-speed machining has been used more
widely in recent years for cutting soft metals such as
aluminum alloys. As a result of the development of high-
speed machining centers and technological innovations in
cutting tools in recent years, high-speed machining is also
being applied to die materials such as hardened steel, which
was previously processed by electrical discharge machining
(EDM). Just as high-speed 3-axis machining is taken for
granted today, high added-value machining using 5-axis or
combined machining processes is becoming the mainstream
these days. This type of machining is aimed at achieving
high-efficiency, multiple-axis machining of continuous
surfaces without any finishing process, rather than simply
concentrating operations through multiple-axis machining.

9. Machining Example using the 5-axis Machining Center

Figure 6 shows the toothed die that is
machined on the 5-axis machining center. This die has
the following characteristics: (1) the die material has a
high level of hardness because of its high-speed steel
matrix; (2) it requires exceptionally high accuracy for
forming the parking gear teeth; (3) the gear shape has
deep cavities. For these three reasons, the die is
generally machined by EDM.

10. Adoption reason of a 5-axis Machining Center

A major challenge had to be met in changing
the machining process of this toothed pulley die from
EDM to direct machining in a metalcutting process. An
important condition of direct machining is tool overhang
(i.e., the length a tool extends from its holder). Long tool
overhang can give rise to chatter vibration when bending
stress is applied to the tool during machining. It can also
lead to tool breakage. Figure 7 shows the equation for
calculating the amount of tool deflection.

The key elements for reducing tool deflection &
are the tool diameter D and tool length L. The tool diameter
D should be made as large as possible and the tool overhang
length L should be made as short as possible so as to reduce
the tool overhang ratio (D/L). Reducing this D/L ratio is the
key to high-speed direct machining. Since the tool diameter
D is restricted by the die shape, minimizing the overhang
length L is ultimately the key point.

The 5-axis machining center (Fig. 8) was
adopted to resolve this tool overhang issue. Using 5-axis
machining avoids interference with the tool holder and
makes it possible to reduce the amount of tool overhang.
As shown in Fig. 9, the L/D ratio was 24 with the
previous 3-axis machining process, but it was reduced to
7 by adopting 5-axis machining. That facilitates high-
speed 5-axis machining without reducing the feed rate.
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11. Development of a High-accuracy 5-axis Machining
Center

The previous 5-axis horizontal machining center
could not provide the high-accuracy machining required
for the toothed die. Therefore, a high-accuracy vertical
machining center with B and C axes was developed
together with the machine tool manufacturer. This new
machine maintains high accuracy to within £ 10um. In
addition, the use of CBN tools ensures dimensional
stability, and the incorporation of automatic measurement
capability in the machining center also reduces inspection
man-hours.

As a result of the high-speed direct machining
achieved with this 5-axis machining center, the die cost
has been reduced by 56% compared with the previous
level, and the die manufacturing lead time has been
shortened by 67% compared with the EDM process.

12. Concluding remarks

Finally, the authors would like to thank the
members of the new 4,000-ton forging line project in the
Material Processing Engineering Department and
Engineering Section No. 2 as well as the Forging Section
for their tremendous cooperation from the planning stage
to the installation of the new integrated forging line.
Thanks are also due the engineers and staff of the Die
Making Section for their valuable advice and efforts in
connection with the establishment of the NC 5-axis
machining program, machining conditions and press-
fitting conditions at the time 5-axis machining was
launched.

It should be noted that the CVT2 pulley
forging line described here received a Technology
Award in fiscal 2006 given by the Tokai Chapter of the
Japan Society of Technology for Plasticity. The award
was given in recognition of the establishment of this
integrated forging line and the efforts made to improve
the environment by adopting an unleaded lubricant in the
hot forge forming process.

Kazuhiro MARUMOTO
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Summary A quenching simulation is applied to predict
the heat-treatment (HT) distortion induced in the pulleys
that are key components of CVTs. A simulation model for
predicting pulley shaft bending was created from measured
temperature results and quenching oil behavior confirmed
in HT experiments conducted in this study. This simulation
model now enables advance studies of HT conditions from
the standpoint of shaft bending distortion.

1.5

gogco,uoooooooooooooobon
gobbodoooobobooobboooobooo
cviboboobooooo

gocviooooooooooooooooo
goboboooooboooobobooooobooo
gbobobobobob

goboboogoiimboboooboooooboogn

JodoFEMOODOMMOoOoOooobboOOooogooo

gobbodogoobobooooboboooooogon
gogoooobbobbbboooooooooon

goboboboboobo
oooooooooooogoooooooooo
coooooooooODOODDOOOOObOOOnO

2BAUNEB S alb— 3>

cvibooooooooooooobbbboo
goooooooooobooboobobbbbbbobo
gobbodogoooboooboboooobobogoo
goboooboobooooboon
gbboooboobuoobooboobooobo
gooooooooooooooooo™o
SteplU000O00OOO0OO0OODOOODOOODOO
gboboooobooobobooboooboo
Step20 000000 0O0ODOODOOODOOOODO
Step30 DO DODOODODOODOODODOODODOODO
googboooboooooboooobn
oooooooobboooooooooooooo
ggooogoooooooooooooooooo
ooooooooooooooooooobobbod
ggooodgoooooooooooooooooo
gogooogooooooooooboooooooon
FEMOOOOOOOO0OOO0O3w00oo0oooooon

"ooooooo
Advanced Technology Development Department

1. Intr oduction

Automatic transmissions are changing from
conventional stepped gearboxes to continuously variable
transmissions (CVTs), as a result of the heightened
demands in recent years for the reduction of CO,
emissions and improvement of fuel economy.

The pulleys that are key components of CVTs
consist of a shaft and two hubs. Bending of the pulley
shaft is an issue that occurs in the carburizing HT process.

As a result of advances in information
technology (IT) in recent years, it is now possible to
predict HT distortion by the finite element method
(FEM). Development work has been under way to
replace conventional prototyping and testing processes
with virtual prototyping based on the use of simulations.

This article describes the progress made to date
in using HT simulations to predict pulley shaft bending.

2. HT simulations

The production process for carburized and
quenched parts, such as CVT pulleys and gears,
comprises the operations of forging, machining,
carburizing, quenching and finish machining. Distortion
that occurs in the carburizing and quenching process is
the target of the simulation described here.

The steps involved in a HT simulation for
calculating distortion can be briefly explained as follows®:

Step 1: Calculate the cooling rate in the quenching
process based on the part geometry and the
thermal conductivity of the steel material and
quenching oil.

Step 2 : Calculate the structural transformation and
hardness from the cooling rate.

Step 3 : Calculate the overall distortion by calculating the
amount of thermal contraction from the
cooling rate and the amount of expansion
from the structural transformation.
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Table 1 Material properties

*Young s modulus
+Poisson’s ratio
+Stress—strain curve

* Transformation dilatation
* Transformation plasticity
coefficient

*Liner thermal expansion
coeflicient

Strain/Stress

+ Heat conductivity
+ Specific heat
+ Density

+« TTT curve
+ CCT curve

Temperature

Metallic structures
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As this explanation indicates, HT distortion is
calculated in a HT simulation from the thermal
contraction that occurs in the quenching process and
from the expansion that occurs accompanying structural
transformation. Therefore, it is necessary to define
suitable values with respect to three aspects: (1) the
material properties of steel, including the expansion rate
due to structural transformation, (2) the thermal
conductivity between the quenching medium and steel,
which determines the cooling rate, and (3) the domain
divisions of the FEM model for reproducing the
quenching process accurately.

2.1. Material properties of steel

Table 1 lists the material properties of steel
that are needed for conducting a HT simulation. The
values applied for these material properties in this study
were the ones used in the VHT project® to calculate the
distortion induced in a steel shaft by the quenching
process. The VHT (Virtual Heat Treatment tool for
monitoring and optimizing HT processes) project was a
joint effort by the public and private sectors to develop
HT simulations. Since the latest values needed for the
calculations were all made public by the VHT project,
those values were used in this study to calculate pulley
shaft distortion. The values included the material
properties of SCr420H steel, thermal conductivity,
boundary conditions and the experimental and calculated
results, among other data.

2.2, Thermal conductivity

The thermal conductivity of the quenching oil
is generally obtained from a cooling curve showing the
change in oil temperature measured with a
thermocouple. In this study, the thermal conductivity
was calculated from the cooling curve that was measured
in a pulley quenching experiment.

Figure 1 shows a typical example of a cooling
curve measured for the quenching 0il.® The process has
a series of three sequential stages from the high
temperature side : (A) the vapor blanket stage, (B)
boiling stage and (3) convection stage. The slope of the
cooling curve changes sharply at point D, accompanying
the transition from the vapor blanket stage to the boiling
stage.

The temperature at point D is called the
characteristic temperature of the quenching oil and is one
value that expresses the oil’ s performance. This
characteristic temperature marks the transition to the
boiling stage, in which the part cools rapidly, thermal
contraction and transformational expansion take place
faster, and the part undergoes greater dimensional
changes. If the transition to the boiling stage occurs
nonuniformly in a quenched part, differences will
develop in the part during cooling. In the case of pulley
shafts, differences in dimensional changes can lead to
shaft bending.
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2.3. Domain divisions of FEM model

In order to define the FEM model, it is
necessary to ascertain the cooling condition in detail
during the quenching process. In this study, we
conducted quenching experiments in which
thermocouples were attached to different parts of the
pulley in order to measure the change in temperature. An
oil bath that allowed photographing from the outside was
used to observe the collapse of the vapor blanket.

As mentioned in the preceding section,
variation within the CVT pulley shaft in the transition to
the boiling stage is assumed to be the cause of bending
during the quenching process. Therefore, we used a
video camera to photograph the conditions during the
guenching experiments. From the images, we ascertained
the surface conditions of the test part at the time of the
transition to the boiling stage. That information was used
to determine the domain divisions of the FEM model.

2.4. Calculation method

The configuration of the FEM mesh used in
the simulations was targeted at the pulley shaft. In the
calculations, the expansion/contraction conditions and
transformation characteristics of the steel material were
all assumed to be uniform in the test pulley.

The thermal stress that occurs in the quenching
process and the stress induced by phase transformations were
considered in the calculations. However, deformation due to
residual stress in the plastic forming process and creep
deformation induced during holding at high temperature
were not calculated because the HT software used did not
have a function for performing such calculations.

3. Quenching Experiments

3.1. Description of experiments

Quenching experiments were performed to
observe the collapse of the vapor blanket and to measure
temperature changes during the quenching process.
Pulleys that had been specifically machined for
measurement purposes were used in the experiments
because it would have been difficult to heat and quench
ordinary CVT pulleys in the experimental apparatus.

Figure 2 shows the shape of a test pulley and
the locations (<) of the thermocouples. Test pulleys
were cut to a length of 130 mm. To measure temperature
changes, thermocouples 1.6 mm in diameter were
attached at six locations, two each at the shaft top, shaft
bottom and sheave, and with lateral symmetry.

A test pulley was heated at 1143 K for 1 hr. in
an Ar atmosphere in a test furnace that measured 100 mm
in diameter and 200 mm in length. The pulley was then
quenched in a cubical oil bath (measuring 200 mm on one
side) containing JIS1 No. 1 quenching oil (Idemitsu Kosan
Co., Ltd.) at a temperature of 313 K. One side of the oil
bath was made of heat-resistant glass to enable observation
of the interior. The collapse behavior of the vapor blanket
during quenching was photographed with a digital video
camera. The quenching oil in the oil bath was in a
quiescent condition during the quenching experiment. The



CVTI7—UANDEMNEL X 2 L —2 3 VEH

3.2 RERER
Fig300O0DODOO0ODOD0DO0ODO0OO0O0OO0ODOOD
O O Shaft Top! O O 11 Shaft Bottordl [0 00 (11 Sheave
O00mMmo0o0oo0o0o0oooooooooooo
0000000000000 0c 00000000
0000000000000 00M™FiglDOOO
DMOOODODOO
O O O Shaft TopO O O Sheaved O Shaft Bottom[
doooDoOOdshaft TopOOODODODOOOOODO
0o0omoooDomoog
Fig4DOODOODODODODODOODOOODOOO
00ooooooooooon
O00000oD0oooooooooooooon
000000000 o0DO00o0DO0oOooDoDOogn
0000000000000 00D30000 Shaft
BottomO O DO DODOOOOOODODODODOO?2800
00000 Momoooooooooooons32
00000000 Fig.30 Shaft BottomO O OO OO
00000000000 00moogooos3edonn
00000o0oooooDooooDooooooon
oooooooooooooooooo
O00000oD0Oooooooooooooon
ooo0oooooooDooooDoDooooooon
000o000ooooo200000000

A

Sheave

Shaft Top

| Shaft Bottom

Temp

S

20

Time sec
Fig. 3 Pulley Cooling Curve
= e i A

10

30 40 50

1B 1 i
Fig. 4 Pulley Shaft Vapor Blanket Collapse after of 30 Seconds

4.2 b—2a AhEH

Fig. 40D OUOO0OODOOOOOOOODDOOD
O0000000ODOOC0OOO0O0000FRg. 50000

Fig. 50 00000Fg. 400000000000
OOOOoOoOOO0OO0OO0OO0OOObOUbOUOUUUFg.
sognoobobobooobooboooobobobn
gboogbooougboooobooobobooon

_9‘]_

oil was not agitated during the quenching process and care
was taken to prevent external effects from disturbing the
in-bath flow produced by thermal convection.

A test pulley was put into the oil bath and held
so that the sheave side was at the top and the pulley shaft
was kept perpendicular. Care was taken to prevent the
tilting of the shaft from disturbing the flow around the
pulley due to thermal convection.

3.2. Experimental results

Figure 3 shows typical cooling curves obtained
in the experiments. The measurement points of the shaft
top (red curve), shaft bottom (black curve) and sheave
(blue curve) all show temperature differences. The
circled regions where especially pronounced temperature
differences are seen are estimated to be the transition
point (point D in Fig. 1) from the vapor blanket stage to
the boiling stage. A comparison of the shaft top, sheave
and shaft bottom portions indicates that the characteristic
temperature of the shaft top at the transition to the
boiling stage was higher.

Figure 4 shows the condition of the vapor
blanket collapse observed for a test pulley in a quenching
experiment. The dashed line in the figure is the boundary
between the vapor blanket stage and the boiling stage.
The direction of the arrow shows the progression of the
collapse and the open triangle (O) is the origin of the
collapse. The image is an enlarged view of the shaft
bottom portion 30 sec. after the onset of quenching. The
collapse began in an oblique upward direction from the
origin (O) at the bottom left at 28 sec. after the onset of
quenching and was completed at 32 sec.

In Fig. 3, the slope of the cooling curve of the
shaft bottom changes at the photographed point (i.e., 30
sec. after the onset of quenching), which is also an
indication of the transition to the boiling stage.

The foregoing quenching experiment results
thus confirmed two points : (1) lateral temperature
differences occur in CVT pulleys and (2) the lateral
temperature differences become larger in the vicinity of
the characteristic temperature.

4. Simulation Input Conditions

Figure 5 is a simple schematic diagram of the
vapor blanket collapse condition at the portion of the
pulley shaft enclosed in the oval in the experimental
results shown in Fig. 4. As in Fig. 4, the direction of the
arrow in Fig. 5 indicates the progression of the collapse
and the O is the collapse origin. The white and gray
portions in Fig. 5 are the regions where the boiling stage
begins earlier, and the black portion is the region where
the vapor blanket stage is maintained longer.

The experimental results indicated that the
vapor blanket collapse proceeded in an oblique upward
direction. It would be difficult to input that phenomenon
directly into the software as a calculation condition. It
was necessary to replace that phenomenon with a shape
that could be calculated by the simulation software.
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Figure 6 shows the calculation model that was
substituted for the oblique upward progression of the vapor
blanket collapse shown in Figs. 4 and 5 in order to calculate
the collapse phenomenon. The oblique upward progression
of the vapor blanket collapse was replaced with a model
divided into two parts laterally. The gray portion represents
the early collapse region and the black portion is the late
collapse region. The arrow and the O show the direction
and origin of the collapse, the same as in Fig. 5.

The simulation model for the entire CVT
pulley is shown in Fig. 7. It was observed in the
experimental results that the vapor blanket collapse in
the quenching process originated at a level difference in
the shaft. Therefore, the shaft top and shaft bottom were
divided at the level difference, and the model was
divided into six parts, including the sheave. The
experimental results also showed that there were four
regions (o) of little difference in the collapse condition
laterally, making a total of ten divisions altogether. The
collapse of the vapor blanket proceeds from the gray
area (= ) in the direction of the black area (m ).

The model in Fig. 7 assumes that the collapse
proceeds from left to right for the shaft top, shaft bottom
and sheave. This model is designated as model A.

Figure 8 shows two models that take into account
variation in the vapor blanket collapse. The right-hand model
is designated as model B and left-hand model as model C.

As one example, Fig. 9 shows the cooling
conditions applied to the shaft top in models A, B and C.
The boiling stage began from 923 K for the early collapse
region and from 903 K for the late collapse region. The
onset temperature of the boiling stage (i.e., characteristic
temperature) was found from the experimental results
and input into the simulation models.

Table 2 shows the characteristic temperatures
of the quenching oil used in the simulations. The
characteristic temperatures set for the top, bottom, right
and left sides of the pulley were determined from the
quenching experiment results.

For the regions of uniform collapse laterally,
the average temperature (888 K) of the shaft top, shaft
bottom and sheave was used in the simulations.

Shaft Bottom

First collapse side = (1)
Late collapse side = (W)
Uniform collapse area = ([J])

Fig. 7 Simulation boundary condition (Model-A)
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Fig. 9 Cooling Curves for shaft Top

5. Simulation Results

Figure 10 shows the calculated and
experimental results for pulley shaft bending. The black
curve is the average shaft bending measured in the
production process, and the gray area indicates the
measured upper and lower limits. The blue, red and
yellow curves are the results calculated with models A,
B and C, respectively.

A comparison of the amount of shaft bending
shows that the values calculated with model A agree the
best with the average experimental data. Additionally, a
comparison of the bending distortion pattern indicates
that both the average experimental results and the
calculated values show the occurrence of bending at the
interface between the shaft top and shaft bottom and at
the interface between the shaft bottom and the sheave.
Similar to the results for the amount of bending, the
experimental and calculated values are in good
agreement.

These results suggest that the method used in
this study to reproduce shaft bending is applicable to
predictions of CVT pulley shaft bending. This method
involves the use of software capable of calculating the
transformational stress and thermal stress that occur
during quenching. The calculation model used is divided
into ten domains, and an appropriate cooling condition is
given at each domain face.

Furthermore a comparison with the results
calculated with models B and C show that model A best
reproduces the actual shaft bending distortion. It is
inferred that the vapor blanket often collapses in a form
similar to that of model A in the actual mass production
process.

Some points in the simulations differed from
the actual quenching process using a mass-production
furnace, such as the absence of agitation in the
quenching oil bath. Nonetheless, the results suggest that
the simulation method described here and measured data
can be used effectively in performing calculations of
pulley shaft bending.
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6. Conclusion

This article has presented the results of a study
to reproduce by simulation the shaft bending that occurs
in the CVT pulley quenching process.

O Even though the quenching process in an actual mass-
production furnace cannot be investigated directly, it
is now possible to use experimental data obtained
with an actual furnace in performing simulations that
accurately replicate real shaft bending.

O It was found that that observations of vapor blanket
collapse, in addition to the temperature data
measured for test pulleys, are effective in
ascertaining the quenching circumstances. That
information is important when inputting the
conditions into the simulation model.

In future work, we intend to use simulations to
propose HT conditions and part shapes for reducing
strain and distortion, in an effort to suppress pulley shaft
HT distortion. We also want to expand the application of
HT simulations to other heat-treated parts such as gears.
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Summary A new fuel-efficient ATF (EJ-1) has been
developed with the aim of improving fuel economy by
reducing fluid churning resistance and drag resistance. One
feature of the fuel-efficient EJ-1 isthat it is compatible with
conventional ATFs designed for dip lock-up operation, even
though it has reduced viscosity. That was achieved by
innovatively blending the base oil and viscosity index
improver. This article explains the development objectives
set for the new ATF and its performance.
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1. Intr oduction

Measures to promote energy and resource
savings, prevent global warming and address other
environmental issues have become increasingly
necessary in recent years. Against this backdrop, various
steps have been taken to improve automotive lubricating
oils.®” These include efforts to improve their fuel-saving
performance so as to reduce carbon dioxide (CO2)
emissions, longer drain intervals for reducing waste oil
volumes and discontinuation of the use of environment-
impacting substances. With regard to the improvement
of fuel economy in particular, the slip lock-up region of
ATs has been expanded and new mechanisms such as
belt-type continuously variable transmissions (CVTs)
have been adopted. Accompanying these moves, new
automatic transmission fluids (ATFs) have been
developed to elicit the maximum performance of these
new mechanisms, thereby helping to improve fuel
economy.

A new fuel-efficient ATF, called EJ-1, has
been developed for the purpose of reducing internal AT
friction as one measure for further improving fuel
economy. This article describes EJ-1, which was first
adopted in the rear-drive JR507E 5-speed AT.

2. Development Objectives

Causes of energy losses in an AT include fluid
churning resistance and drag resistance at clutches and
other parts. Fig. 1 shows the relationship between ATF
viscosity and friction induced by fluid drag resistance
between the clutches. The graph shows the rate of
reduction in friction in relation to the rate of reduction in
kinetic viscosity of JATCO's previous ATF at 4001 . Up to
a level of 25%, the rate of reduction in ATF viscosity has
a marked effect on reducing friction. Above that level,
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Table 1 Development issues and strategy

Issues Strategy

1. Friction
reduction

VII: Change molecular weight;
reduce additive quantities

Base oil: Increase viscosity
VII: Change molecular weight

2. Assurance of
volume balance

3. Assurance of

lubrication performance Same as above

4. FAFEM DTHERE
bbb oooooobboooooon

4.1 HE R

BE-LOOATFOOOOODOOOOATFOOODO
O0Fig.20000AO0DOO,DO0O0DOODOO
UOODOO0ODATFODOOORI-IO,O00ATFOOODO
25% 0000000000

pte]

Cagventional commercial ATFs

o0

-1

© Conventional commercial ATF
@ JATCO's previous ATF
@®EJ-1

AFluid A

OFluid B

@ Fluid C

O Fluid D

o))

Kinematic viscosity @100°C, mm2/s
wn

—

10 20 30 40 50
Kinematic viscosity @40°C, mm2/s

Fig. 2 Comparison of viscosity characteristics

60

_96_

however, there is very little increase in friction reduction.
Because the ATF serves as the working fluid
for transmitting hydraulic pressure, it must maintain a
certain level of viscosity even after its viscosity drops
due to mechanical shearing by the gears, bearings and
other components. Accordingly, the target set for the
viscosity characteristic of the fuel-efficient EJ-1 was to
reduce the viscosity by 25% and still maintain the same
level of post-shear viscosity as that of the previous ATF.
Another target set for EJ-1 was that it should
maintain the same level of lubrication performance as the
previous ATF, including anti-fatigue properties that might be
affected by the reduced viscosity. This was intended to
facilitate its use in place of conventional ATFs on the market.
The following development objectives were
set for EJ-1.
(1) To reduce friction by lowering the viscosity
(2) To ensure the oil volume balance by maintaining
post-shear viscosity
(3) To ensure lubrication performance

3. Development Strategy

The fuel-efficient EJ-1 ATF attained the
performance targets as a result of selecting and
combining the base oil and viscosity index improver
(V1) in consideration of shear stability and oil film
formation (Table 1).

4. Performance of EJ-1

This section describes the performance of the
newly developed EJ-1 ATF.

4.1. Viscosity characteristic

The viscosity characteristics of EJ-1, JATCO's
previous ATF and various commercial ATFs on the
market are shown in Fig. 2. Fluids A through D are low-
viscosity ATFs that were put on the market in recent
years. EJ-1's viscosity was reduced by approximately
25% compared with the previous ATF.

4.2, Shear stability

Shear stability was evaluated by conducting
ultrasonic shear stability tests according to the procedure
specified in JASO M347-95.? In order to ascertain the
change in viscosity with elapsed time, the evaluation was
made using shear time as the parameter. Figure 3 shows
the test results for EJ-1 and the previous ATF. Although
EJ-1's initial viscosity is lower than that of the previous
ATF, it maintains the same level of post-shear viscosity
as the latter fluid. That is attributed to the higher
viscosity of the base oil and also to the use of a VII that
resists a reduction in molecular weight under the effect
of shear. As a result, EJ-1 is able to maintain a high level
of permanent viscosity (Fig. 4).

Figure 5 compares the shear stability of EJ-1
with that of two low-viscosity ATFs. The results indicate
that EJ-1's shear stability is superior to that of the other
companies' ATFs.
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4.3. Lubrication per for mance
4.3.1. Oil film formation

One performance attribute that might be
influenced by reduced viscosity is a decline in lubrication
performance due to insufficient oil film formation at
sliding surfaces. To avoid that problem, EJ-1 was designed
to provide oil film formation equal to or better than that of
the previous ATF, while having lower viscosity from room
temperature to the high temperature region. That was
achieved by increasing the base oil viscosity and also by
adopting a low-molecular-weight VII.

The oil film formation rate measured for EJ-1
is compared with that of the previous ATF in Fig. 6. The
oil film formation rate was found by measuring the
electric conductivity of a test piece through the oil film,
using a reciprocating test rig. The results show that the
oil film formation rate of EJ-1 is approximately 1.3 times
that of the previous ATF. That is partly attributed to the
penetration of the fluid between the sliding surfaces
owing to its lower molecular weight (Fig. 7). Another
reason is assumed to be the higher viscosity of the base
oil, which enables EJ-1 to form a thicker oil film in
comparison with the previous ATF.
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4.3.2. Anti-fatigue performance

Anti-fatigue performance was evaluated by
conducting gear tests in an actual AT. The results are
shown in Fig. 8. EJ-1 shows a larger number of cycles to
pitting, indicating its superior anti-fatigue performance
compared with the previous ATF. It is generally said that
reducing the oil viscosity is disadvantageous for anti-
fatigue performance because the oil film becomes
thinner. As mentioned in section 4.3.1, EJ-1 forms a
thicker oil film at sliding surfaces than the previous ATF,
which presumably improves its anti-fatigue performance.

4.3.3. Anti-seizure and anti-wear properties

Anti-seizure properties were evaluated by
conducting 4-ball anti-seizure tests (ASTM D 2763-88%)
and anti-wear properties were evaluated by conducting
4-ball anti-wear tests (JPI1-5S-32-90“). The results are
shown in Fig. 9. EJ-1 provides performance equal to that
of the previous ATF with respect to both characteristics,
which confirms that these properties were not affected
by reducing the viscosity.

4.4. In-transmission performance

The performance of EJ-1 when used in an
actual AT was confirmed by conducting durability tests
with a test transmission. Figure 10 shows the change in
viscosity with elapsed time in the durability test. EJ-1
showed little decline in viscosity even after undergoing
mechanical shearing in the test transmission. It
maintained the same level of viscosity as the previous
ATF after 150,000 km of driving.

The change in the iron content of the fluid with
elapsed time during the durability test is shown in Fig. 11.
The results show that there was little increase in the iron
content of EJ-1, suggesting that this ATF displays excellent
anti-wear properties when used in actual transmissions.

T good T poor

Seizure load
Wear pit diameter

EJ-1 Prg\%%us EJ-1 Prg\’frl%us

Fig. 9 Evaluation results for anti-seizure and anti-wear properties
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4.5. Effect on improving fuel e conomy

The fuel economy of a test vehicle was
measured when the newly developed EJ-1 ATF was used
in the AT. The results indicated that fuel economy was
improved by 0.7% in city driving.

5. Conclusion

A fuel-efficient ATF (EJ-1) has been
developed which has approximately 25% lower viscosity
than the previous ATF. The use of EJ-1 improves fuel
economy in city driving by 0.7%.

It was shown that the reduced viscosity does
not affect post-shear viscosity and lubrication
performance. That is the result of designing the base oil
and viscosity improver index in consideration of oil film
formation. Consequently, this fuel-efficient EJ-1 ATF
has good compatibility with conventional ATFs.
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Summary  In October 2006, JATCO developed and
commercialized a new 6-speed automatic transmission
(FF6AT) for use on front-wheel-drive vehicles with the
aim of improving fuel economy. This article describes
the main structure of the FF6AT and its principal
technol ogies.
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1. Intr oduction

The need to improve vehicle fuel economy has
been rising in recent years along with the closer attention
paid to global environmental issues. Although
continuously variable transmissions (CVTs) offer large
advantages for enhancing fuel economy, the progress of
direct-injection technology in recent years has further
boosted the torque output of automotive engines. We
have developed a new 6-speed front-drive automatic
transmission (FF6AT) that is applicable to high-torque
engines which CVTs still cannot accommodate.

This article describes the basic structure,
specifications and features of the FF6AT that has been
adopted on vehicles made by Renault S.A., Mitsubishi
Motors Corp. and Nissan Motor Co., Ltd.

2. Development Aims

The FF6AT was developed around the
following principal concepts.
(1) Lower friction (for improving fuel economy)
(2) Wider ratio coverage and closer gear ratios (for
improving power performance and driveability)
(3) Lighter and more compact (for improving vehicle
mountability)
(4) Improved shift performance
The aim was to deliver optimal driving force at
all times by selecting the best gear ratio in consideration
of driveability and fuel economy. To improve fuel
economy, thoroughgoing efforts were made to reduce
friction and to expand the range of lock-up operation to
lower vehicle speeds.

-100-
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Table 1 Comparison between 6-speed and 5-speed units

Number of components 6-Speed 5-Speed
Planetary gears 3 3
Clutches & Brakes 5 7
One - Way Clutches 1 2
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3. Structure and Major Specifications

Figure 1 shows a cross-sectional view of the
FF6AT. The gear train consists of three planetary
gearsets. The front planetary gearset is the single sun
gear type and the rear planetary gearset is the double sun
gear type. The reduction planetary gearset is the double
pinion type.

Using double sun gears in the rear planetary
gearset allows two input systems to the carrier. That
enables inputs to be transferred to the carrier via the high
clutch in 4th, 5th and 6th gears. In addition, the torque
amplified by the reduction planetary gearset can be used
as the input to the internal gear of the front planetary
gearset in the low speed ranges. This results in lower
tangential force compared with a sun gear input, thus
allowing a more compact package.

From the engine side the clutches are arranged
in the order of the 35R clutch, low clutch and high
clutch. Similarly, the brakes are arranged in the order of
the low& reverse brake and the 2-6 brake.

Table 1 compares the number of components
of the FF6AT and the previous 5-speed front-drive
automatic transmission (FF5AT). Table 2 compares the
specifications of the two transmissions. Compared with
the previous FF5AT, the FF6AT has the same number of
planetary gears, but two fewer clutches and brakes and
one less one-way clutch. The reduced part count results
in a lighter, more compact package.

Table 2 General specifications

6-speed * 5-speed
Torque capacity 360 Nm 310 Nm
Planetary gear
ratios | Ist 4.199 3.802
2nd 2.405 2.132
3rd 1.583 1.365
4th 1.161 0.935
5th 0.856 0.685
6th 0.686 ---
REV 3.457 2.970
Ratio coverage 6.12 5.55
Final gear ratio 2.679~3.804 | 2.916~4.747
Overall length 385 mm 390 mm
Weight 98 kg 104 kg
Istand dshas | 197mm | 200mm

* based on Lepelletier System

-101-
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Table 3 Friction element and solenoid applications
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4. Control System

Figure 2 is a block diagram of the electronic
control system. Vehicle and engine information is
transmitted via a controller area network (CAN) to the
AT control unit (ATCU). The system performs control
operations according to the vehicle status and AT
information. The ATCU controls six 3-way linear
solenoids and two On/Off solenoids.

Table 3 is an operation chart showing when
the clutches, brakes and solenoids operate.

Figure 3 shows a diagram of the hydraulic
control system. The three clutches and two brakes are
controlled directly by their respective 3-way linear
solenoid to provide suitable shifting and optimal
driveability. The combination of the 3-way linear
solenoids and an oil pressure switch reduces the number
of valves to create a more compact control valve. Fewer
valves also reduce the complexity of the hydraulic
circuit, enabling the 3-way linear solenoids to provide
suitable hydraulic pressure control. As a result, this
allows substantially more freedom for setting the
hydraulic pressure compared with the previous control
system. This improvement achieves the hydraulic
pressure control needed for smooth shifting.
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Fig. 3 Hydraulic control system diagram

5. Improvement of Fuel Economy

5.1. Wider ratio coverage

Figure 4 compares the gear ratios and spreads
of the FF6AT and FF5AT. The FF6AT has a gear spread
of 6.12, which is 10.4% wider than the 5.55 value of the
FF5AT. Together with the optimal final gear ratio, this
wider gear spread improves start-off performance and
acceleration in the low speed ranges and also enhances
fuel economy by reducing the engine speed in the high
speed ranges.
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Although FF6AT has wider ratio coverage, its
individual gear ratios and ratios between gears are
smaller than the corresponding values for the FF5AT.
The closer gear ratios reduce shift shock and deliver
smooth driveability.

5.2. Lower friction

The components of the FFEAT were examined
in detail for the purpose of reducing friction. The major
measures taken to reduce friction are explained below.

5.2.1. Optimization of oil pump capacity

The adoption of 3-way linear solenoids and the
reduction of the number of control valve spools reduced
the amount of leakage from the control valve, thereby
allowing a smaller oil pump capacity than that of the
FF5AT. That improvement enabled the oil pump drive
torque to be reduced. Figure 5 compares the oil pump
capacity with that of the FF5AT in relation to the torque
of the mated engine.

5.2.2. Optimization of bearing capacity

Bearing friction was reduced by adopting a
ball bearing to support the output gear, optimizing the
number of rollers in the tapered roller bearings
supporting the second and third shafts, and adopting
needle bearings for the sliding bearings.
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5.2.3. Adoption of wave drive plates

Wave drive plates were adopted for two brakes
and one of the clutches in order to reduce the friction
caused by the drag of the drive plates not involved in the
engagement of the individual gears.

Figure 6 illustrates the friction reduction
mechanism of a wave drive plate. The flow of oil between
the drive plate and the driven plate produces a pressure
difference, causing the drive plate to float between the
driven plates and thereby reducing drag torque. The force
causing the drive plate to float is determined by the angle
0 shown in the figure. Increasing this angle achieves a
larger friction reduction, but on the negative side, it
degrades shift performance. Both performance requirements
were met by selecting the optimum angle. The clutch
clearance was also set at the optimum level because this
clearance can cause drag torque to vary. Figure 7 shows the
relationship between the clutch clearance and drag torque.

5.2.4. Optimization of number of one-way clutch
rollers
The optimum number of rollers is selected to
match the torque of the mated engine, which reduces
friction during free-wheeling of the one-way clutch.

5.3. Adoption of neutral control

When a vehicle is stopped, a creep state by
torque transferred from the torque converter can be
brought close to a neutral condition, even if the shift
lever is in the Drive position, by releasing the engaged
clutch. This reduces the engine idling load to improve
fuel economy while the vehicle is at rest.

This neutral control was adopted for the
FF6AT. Based on inputs of various rotational speeds,
temperature and operation signals, it adjusts the pressure
on the engaged clutch to control the target slip speed.
This fine-tuned control procedure facilitates control from
low temperatures, thereby contributing to improved fuel
economy. Activation control ensures a smooth clutch
release after vehicle stopping. Feedback control serves
to reduce the standby clearance in order to minimize the
re-engagement delay when the vehicle starts off.
Deactivation control facilitates immediate and shock-
free re-engagement simultaneous with vehicle launch.
These measures achieve smooth driveability without the
driver being aware of neutral control.

While ensuring seamless driveability, the
slipping speed of the clutch is also optimized to minimize
the transfer of torque from the torque converter. This has
the maximum effect on improving fuel economy.

Simultaneously, neutral control also reduces
the torque transferred to the drive wheels so as to lessen
body vibration and improve noise and vibration
performance as well.
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5.4. Lock-up control

The FF6AT incorporates lock-up control to
improve fuel economy and quietness. Lock-up control is
functional from 2nd to 6th gear. Control is also activated
from low temperatures following engine warm-up so as
to improve fuel economy.

5.5. Slip lock-up control

Slip lock-up control was adopted to improve
noise and vibration performance and also enhance fuel
economy. This control is activated from the low-
temperature region in the low-speed and high-torque
range where ordinary lock-up operation cannot be used
to address noise and vibration problems.

Both slip lock-up control and lock-up control
are applied during coasting to improve driveability and
fuel economy.

6. Conclusions

The FF6AT was developed to provide better
fuel economy combined with and improved driveability.
(1) Fuel economy has been improved by adopting

numerous measures for reducing friction and
expanding the range of lock-up operation.

(2) The expanded ratio coverage range of the FF6AT
improves power performance and also enhances fuel
economy in the high speed ranges.

(3) A lighter, more compact packaged was achieved by
reducing the part count.

(4) Shift performance has been improved by using linear
solenoids to control clutch and brake pressures directly.

The authors would like to thank many people
within and outside the company for their tremendous
cooperation with the development and commercialization
of the FF6AT.
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Summary 1n 2002, JATCO was thefirst in the world to
develop a front-drive CVT capable of handling 350 N-m
of engine torque. Based on that previous CVT3, we
developed an improved CVT3 that achieves higher
performance, lower fuel consumption and sportier shift
performance and can be mounted in a more compact
engine compartment. This article describes the major
specifications and performance of this new sporty CVT
that improves vehicle fuel economy and shift performance.
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Fig. 1 Appearance of new CVT3
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1. Intr oduction

Technologies for improving vehicle fuel
economy are necessary from the standpoint of global
environmental protection. At the same time, it is also
necessary to improve the shift performance of CVTs.
There are also demands for more compact CVTs in
connection with a pedestrian protection technology that
provides more space between the engine and the hood.
This allows a greater area for the hood to deform and
absorb more impact energy when a pedestrian strikes the
hood in a collision.®

This article describes the main specifications
and performance of the improved CVT3 that satisfies the
above-mentioned requirements. The improved CVT3 is
used on the 3.5-liter models of the Maxima and the new
Altima that Nissan Motor Co. rolled out in the North
American market in 2006.

2. Development Objectives

The following three development objectives
were set for the improved CVT3 in order to meet the
requirements mentioned above.

(1) To improve fuel economy
(2) To improve shift performance
(3) To achieve a more compact package

3. Major Specifications and Performance

The appearance of the improved CVT3 is
shown in Fig. 1, and a main cross-sectional view is
shown in Fig. 2. The area of the primary pulley face that
receives piston pressure was increased by 14% compared
with the previous CVT3.

000
Functional Conponent System Experiment Department

Devel opment Department
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4. Key Technologies for Improving Performance

4.1. Improvement of fuel e conomy

The components, hydraulic circuit, control
system and other aspects of the improved CVT3 were
enhanced. The overall torque loss of the improved CVT3
was reduced by 10-20% in all speed ranges compared
with the previous CVT3 (Fig. 3).

4.1.1. Reduction of primary pulley pressure by increasing
the area receiving piston pressure
The area of the primary pulley face that
receives piston pressure was increased by 14% for the
improved CVT3 compared with the previous CVT3. The
line pressure was thus lowered to reduce the drive torque
of the oil pump.

4.1.2. Reduction of fluid churning resistance

The volume of fluid used in the improved
CVT3 was reduced by approximately 20% compared
with the previous CVT3. As a result, fluid churning
resistance caused by the final gear and other components
was reduced.

4.1.3. Adoption of low-friction bearings

The improved CVT3 adopts low-friction
bearings to support the third and fourth shafts, thereby
reducing rolling resistance.

= 0,
M Previous CVT3 20%

OImproved CVT3

-10%

-20%

Torque loss

City Highway Start-off
drivin driving acceleration
Fig. 3 Torque loss reduction

4.1.4. Adoption of low-friction sealing rings

The material of the sealing rings in the
improved CVT3 was changed to one with a lower
friction coefficient than that of the material used in the
previous CVT3. That improvement reduces losses due to
friction.

4.1.5. Contribution to improved vehicle fuel economy
The reduced friction and improved shift lines
for optimizing the engine operating point contribute to
improving vehicle fuel economy under the U.S. EPA
combined city/highway test mode by approximately 2%.
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4.2. Improvement of shift performance

In order to provide a sportier shift feel than
that of the previous unit, it was necessary to improve the
shift speed for executing downshifts. To achieve such a
sporty CVT, the inherent shift speed limits of a CVT
were calculated from the shift speed characteristics of
the belt and pulley system and the hydraulic
characteristics (Fig. 4). Hardware was then newly
designed for attaining the target shift speed.

However, with the previous shift control
premised on linear shift characteristics the target shift
speed was not obtained and shift overshoot occurred.
The reason was that a fast shift in the region of the
hardware limits has nonlinear behavior. Therefore, the
shift control was designed to suspend momentarily
feedback by the electronic control system and to switch
to open control so as to elicit the full shift potential of
the hardware (Fig. 5). This procedure is limited to a
condition where a fast downshift is necessary. This
revised shift control facilitates faster shifts than before,
making it possible to provide sporty shift performance

(Fig. 6).
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Fig. 6 Comparison of shift performance
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The shift profile following a downshift is
designed to enable the vehicle speed to rise linearly with
the increase in the engine speed (Fig. 7). This linear
mode works to eliminate the rubber band feel of
previous CVTs.

The previous linear mode allowed only three
patterns in the shift speed profile in relation to the
driver's various accelerator inputs. Consequently, there
was a region where the transmission ratio did not change
when the accelerator pedal was depressed a certain
amount. For that reason, the transmission did not shift
during re-acceleration in the linear mode even though the
driver depressed the accelerator pedal. Because the
transmission did not downshift until the accelerator
pedal reached a certain threshold angle, there was a
discontinuity in the drive torque curve in relation to the
accelerator pedal angle.

The shift control of the improved CVT3 has
been designed to calculate the shift line relative to the
amount of accelerator pedal depression regardless of the
vehicle speed or the accelerator pedal angle. This
eliminates any discontinuity in drive torque when the
driver depresses the accelerator pedal and allows more
degrees of freedom for responding to the driver's
accelerator inputs (Fig. 8).

Primary Pulley Speed

Fig. 8 Evolution of the linear modé] New linear mode(]
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4.3. More compact package

In relation to the previous CVT3, the two
changes explained below were made to the improved
CVT3 to comply with new vehicle platforms that lower
the installation height of the powertrain so as to improve
pedestrian protection in a collision. These changes
reconcile a more compact package with reduced air
entrainment.

(1) Partial deepening of oil pan at strainer suction port
As shown by the hatched portion in Fig. 9, the oil
pan was made 7 mm deeper in the vicinity of the
strainer suction port to ensure stable fluid intake from
the strainer.

(2) Optimization of strainer suction port position based on
voxel simulation of fluid height
The voxel method of computing volume from a 3D
model was used to conduct a simulation for
predicting the fluid height under various driving
conditions, including hill ascent/descent and
right/left-hand cornering. The simulation results are
shown in Fig. 10.
The optimal position of the strainer suction port was
determined from the fluid height predicted in the
simulation. As a result, the oil pan was made 10 mm
shallower (Fig. 9) from that of the previous CVTS3,
making it possible to mount the improved CVT3 on
the new platform.

5. Conclusion

Based on the previous belt-type CVT for use
on 3.5-liter front-drive cars, the improved CVT3 was
developed with the aims of improving fuel economy and
shift performance and achieving a more compact
package.

(1) Fuel economy has been enhanced by improving the
CVT components, reducing the hydraulic pressure
and improving shift control.

(2) Downshift response has been enhanced by improving
the shift control system. A new linear mode was
adopted for better shift response to the driver's
accelerator inputs in various driving situations.

(3) The position of the strainer intake port was optimized
by conducting a fluid height simulation using the
voxel method. As a result, the oil pan was made
shallower to allow the CVT3 to be mounted on more
compact vehicle platforms.

Improved shift performance provides greater
driving pleasure and contributes to improved fuel
economy. The improved CVT3 can also be mounted on
new vehicle platforms designed for enhanced safety.
Therefore, it is expected that the application of this unit
will be expanded to more Nissan car models in the
future.
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Improved shift performance provides greater
driving pleasure and contributes to improved fuel
economy. The improved CVT3 can also be mounted on
new vehicle platforms designed for enhanced safety.
Therefore, it is expected that the application of this unit
will be expanded to more Nissan car models in the
future.

Finally, the authors would like to thank
everyone concerned inside and outside the company for
their valuable cooperation in connection with the
development and commercialization of the improved
CVT3.

References

(1) S. Terauchi, "Development of the New Xtronic CVT
with High Torque Capacity," presentation at JSAE
2006 Symposium on the Latest Powertrain System
Technologies (in Japanese).

m (] Authors =

Hiroshi AMANO

Midori TANAKA

Yusuke KIMURA

y 9

Toshiyuki SHIBUYA

B
B!
I
B

A

Kiyosumi KAJIHAMA

Tokuichiro KAMBE

-111-



Fram AN |

150Nm FFERXF— L)L FHXCVTOR R

Intr oducing the 150-Nm Steel-belt CVT for Front-drive Cars

ooooo”
Hiroaki SUGIMOTO

¥ & O0000DO0ODODOoOoOooOoOoOoboooo
goooobooboobooboobooboon
gooboFrFFROOCVDODODOCVTODOD DD M ODO
googpooceviboboooomomoooooo
goooobooboobooboobooboon
goooooobooo

Summary  This article describes a newly developed
150-Nm CVT that is fitted on the Nissan Tiida, Cube,
Note and Wingroad models. This new unit was
developed on the basis of the previous CVT that was
used on these same front-drive Nissan cars.
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1. Intr oduction

The new CVT was developed in a short period of
27 months from the production launch of the previous CVT
in August 2004. This new CVT was adopted on the Nissan
Tiida, Note, Cube (Fig. 1) and Wingroad when these models
underwent a minor model change in December 2006.

2. Development Objectives

In comparison with the previous CVT, the new
CVT was developed with major emphasis on
thoroughgoing cost reductions and the incorporation of
technologies for improving fuel economy so as to
comply with tougher fuel economy standards. As a
result, the car models fitted with this CVT achieve a fuel
economy level 20% higher than Japan's 2010 fuel
economy standards and exhaust emission levels 75%
lower than the 2005 exhaust emission regulations, thus
qualifying as super ultra-low emission vehicles (SU-
LEVs). As a result, they receive the highest level of tax
reductions under Japan's Green Tax system.

The appearance of the new CVT is shown in
Fig. 2.

Fig. 2 Appearance of new 150-Nm CVT
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3. Structure and Specifications

3.1. Structure

A cross-sectional view of the new CVT is
shown in Fig. 3. It incorporates approximately 100
changes compared with the previous CVT in order to cut
costs thoroughly and reduce friction.

3.2. Major specifications
The major specifications of the new CVT are
given in Table 1.

Table 1 Technical specifications

ALO

Model TIDA 1.5L
Drive System 2WD
Weight (dry) ke H/B:1155
Vehicle SED:1131
Engine type HR15DE
Max. Power kw/rpm 80/6000
Max. Torgue Nm/rpm 148/4400
Torgue Converter AAC
Pulley Ratio 2.561~0.427
CvT Final Gear Ratio 5.473
Overall length mm 354.7
Distance between pulley shafts mm 156
Weight(WET) kg 74.7

4. First Development Objective: Improvement of
Fuel Economy and Reduction of Friction

4.1. Neutral idle control

One important measure for attaining better fuel
economy is a newly developed neutral idle control that
reduces the engine load when a vehicle is stopped with
the engine idling and the shift lever in Drive. Neutral idle
control achieves a state inside the CVT that resembles
Neutral, even though the shift lever of the stopped
vehicle is in Drive, thereby reducing fuel consumption.

In order to reduce the cost of this control
technology, the existing primary pulley speed sensor is used
instead of adding a turbine speed sensor, clutch pressure
sensor or other additional devices. The sensor facilitates
neutral idle control by detecting the torsional moment that
occurs in the drivetrain system at the moment the forward
clutch engages. Generally, a neutral idle control system
uses a turbine speed sensor to detect the slipping speed of
the clutch so as to keep the clutch in a state of light drag.

Without a sensor it is impossible to adjust the
clutch engagement point owing to certain variabilities in
the transmission such as the hydraulic pressure, clutch
clearance, return spring load and clutch facing wear.
With a low indicated clutch pressure, the desired fuel
economy is satisfied, but acceleration performance is
not. Conversely, if the indicated clutch pressure is high,
the desired acceleration performance is satisfied, but fuel
economy deteriorates owing to the resultant engine load.

As a measure for dealing with this issue, we
developed a control method that precisely adjusts the
clutch engagement point by combining two levels of
adaptive learning control. Ordinary adaptive learning
control is used to absorb intrinsic transmission
variabilities and wear, and a second level of adaptive
learning control is applied to fine-tune the clutch
capacity to zero every time the clutch engages. This
control procedure achieves both excellent fuel economy
and acceleration performance.
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Table 2 Comparison of torque converter damper characteristics

K1 (kN*m/rad) T1(N-m)
Previous CVT 0.562 147
New CVT 0.5 137
45. /Ny 7 )7’ L— MER&BEIE
gcvioooooooooooooooooo
gooo00ooooooooooooooooon

gogbodgbooboboobooobboo
gobbdooobooooobbooooboogn

gobbodgooobooobobooooboboogan

goboobooooboobooobobon

4.6. ;KR
gobboooooooooboooooooon
gobooooobobooooooooobooboogon
goboobooobooboon
gooobooobooobobooooeoomign
gooooboo/mobbogoooooon

4.2, Optimization of hydraulic pressure
4.2.1. Line pressure optimization

With the previous CVT there was room to
improve the line pressure further, as it tended to be
excessive once a vehicle reached a steady speed above
40 km/h following acceleration. We developed a control
procedure for reducing excessive line pressure to the
target level, thereby optimizing the line pressure. As a
result, this reduces the oil pump loss to improve fuel
economy.

4.2.2. Optimization of secondary pulley pressure

The minimum secondary pulley pressure during
steady-speed driving was reduced from a target level of 0.35
MPa to 0.25 MPa. However, reducing the minimum pressure
uniformly under all conditions would put the control valve
in a region where it could not regulate the secondary pulley
pressure. In that region, a pressure response lag at the time
of re-acceleration or quick deceleration could result in a belt
malfunction or a shift delay.

An adaptive learning control was developed
for the secondary pulley pressure that avoids the region
where the pressure cannot be regulated. This control
learns the minimum secondary pulley pressure when the
shift lever is in Park and reduces the pressure to that
minimum level so as to improve fuel economy.

4.3. Reduction of vehicle speed for lock-up operation
With the aim of improving fuel economy, the
vehicle speed for deactivating lock-up control during
coasting was reduced from 19 km/h to 12 km/h and the
fuel-cut off region was further expanded. This measure
works to reduce fuel consumption during deceleration.

4.4. Optimization of shift lines

Shift lines have been adopted that use the
primary pulley speed up to 1000 rpm and 1025 rpm in
the drive and coasting modes, respectively. This reduces
fuel consumption by enabling the vehicle to operate in a
speed range where less fuel is consumed.

As measures against booming noise, the
damper characteristic of the torque converter was
reduced to a lower level of stiffness, and an inertial ring
was added to increase the moment of inertia by 0.02
kgm? compared with the previous CVT. Table 2
compares the damper characteristics of the two units.

4.5. Optimization of baffle plate shape

Beginning with the previous CVT, a separator
was provided around the final gear to prevent fluid churned
up by the gear from flowing back into the differential
chamber. Repeated tests and analyses were conducted that
focused on the flow, height and other aspects of the fluid
discharged from the separator. As a result, a specification
was achieved that reduces friction further.

4.6. Reduction of fluid volume

Tests conducted to confirm that entrainment of
very low temperature air would not occur showed that
the fluid level could be lowered, thereby reducing fluid
churning resistance in the powertrain.

The reduction of the fluid level allowed the
fluid volume to be reduced by approximately 900 ml,
thereby contributing to weight and cost reductions.
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Table 3 Improvement of fuel economy under Japan's 10-15 test mode

4.7. Gears and bearing (third shaft)

The width of the final reduction gear pair was
reduced by 4.5 mm to achieve lower friction and cost
levels. A low-friction bearing was adopted for the third
shaft, and the diameter of the rear bearing was reduced
to the same dimension as the front bearing. These
measures also reduce friction.

Dedicated parts were adopted for the new 150-
Nm CVT, making it possible to reduce the gear width
and the bearing size.

The previous CVT had the same specifications
for both the 150-Nm and 180-Nm versions.

5. Second Development Objective: Cost Reductions

5.1. Electrical parts

The primary pulley pressure sensor was
discontinued and the primary pulley speed sensor and inhibitor
switch are now externally attached instead of being installed
inside the unit. These changes allowed the circuit board inside
the new CVT to be simplified, thereby reducing the cost.
Discontinuation of the primary pulley pressure sensor was made
possible by incorporating a transmission protection function and
a failure detection function into the control system.

5.2. Parallel rings

The shifter cable (vehicle part) and layout of
the shift lever system were substantially revised, and the
shifter cable is now pulled in obliquely, allowing the
complicated parallel rings to be discontinued. The
discontinuation of these parts reduces the cost.

6. Conclusion

Together with further improvements made to the
engine, the adoption of the newly developed CVT enables
the car models to obtain improved fuel economy. Compared
with the models fitted with the previous CVT and previous

Model |New CVT (km/L) | Previous GVT (km/L) |Improvement engine (HR15DE), fuel economy is improved by 6.6-7.9%
m 9 under Japan's 10-15 test mode. Table 3 compares the fuel
Tida 194 182 6'6;6 economy of each car model under the 10-15 test mode.
Note 194 18.2 6.6% In addition, compared with the Tiida model
Cube 19.4 18.0 7.8% fitted with the previous engine and an AT, fuel economy
Cube Cubic 19.2 17.8 7.9% is improved by 16%, up from 16.8 to 19.4 km/L. By way
Wi 3 19.2 18.0 6.7% of reference, the Tiida fitted with the previous CVT
ingroa ; : : improved fuel economy by 8.3% (from 16.8 to 18.1
km/L) when compared with the same model fitted with
gbddoomaooo+ATO OO0 o0ooooaa the same engine and an AT.
16%000000MMO0000019.416.8km/LO Finally, the author would like to thank
OQogooOooocecvIioooooooooooo everyone concerned at Nissan Motor Co., Ltd. and in the
O0ATOODDODOODODODOS3%OOO0O0O0O0 related departments at JATCO for their cooperation in
0 18.2 — 16.8km/L0 Iaunﬁching_ pgoduction ésimultNanefus!ijin‘l)twg
manufacturing departments (areas No. 1 and No. 4) an
O g g S S DD DD DDZDDDEDD 1DDDDDDEDDDDE% % % g g in attaining the development objectives. The new CVT
was successfully developed in a short period of time
poonbopoononoonoononomon even though major specification changes were made
goboooooooooboono midway through the development process.
m [J Author =

Hiroaki SUGIMOTO
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The JFOO9E steel-belt CVT was first adopted on
the 1.5-liter Nissan TIIDA released in August 2004. The
lock-up operation range was extended further to lower
vehicle speeds and measures were taken to reduce friction,
resulting in both improved fuel economy and driving
performance. Application of the JFOO9E was expanded to
the 1.8-liter TIIDA in December 2004 and has been
steadily extended to other models in the small car class.

m [J Typical model fitted with the JFOO9E Steel - belt CVT m

Fig. 1 Main cross - sectional view

Table 1 Specifications of JFOO9E

Model TIDA (1.5L) TIIDA (1.8L)
Drive system 2WD —
Weight kg H/B: 1147 H/B: 1173
Vehicle SED:1117 SED: 1144
Engine type HRI15DE MR18DE
Max. power kw/rpm 80/6000 93/5600
Max. torque Nm/rpm 148/4400 176/4800
Torque converter AAC —
Pulley ratio 2.561~0.427 -
CVT Final gear ratio 5473 —
Overall Tength mm 354.7 3529
Distance between pulley shafis mm 156 —
Weight (wet) kg 736 74.2
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Fig. 1 Main cross-sectional view

The JFO11E-N CVT is highly acclaimed for its
outstanding fuel economy and smooth driving
performance. This CVT debuted on the Nissan Lafesta
released in December 2004. Moreover, since its adoption
on the Nissan Dualis launched in May 2007, it has
incorporated Adaptive Shift Control (ASC). This
function controls the shift pattern according to the
driver's individual driving style and the driving
environment to further optimize both fuel economy and
power performance.

Table 1 Specifications of JFOL1E - N

Max. input torque 250 Nm
Max. input speed 6400 rpm
Max. vehicle weight (GVW) 2140 kg
Control system Electronic
Torque converter 236 mm dia.

Pully ratio 2.349~0.394
Gear ratios

Rev. 1.750

Final drive gear ratio 5.407~6.466
No. of selector positions 6
Overall length 354.7 mm
Dry weight 84kg

m [ Typical models fitted with the JFO11E-N CVT =
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Fig. 1 Main cross-sectional view

m [] Model fitted with the JFO11E-SCVT =

The JFO11E-S steel-belt CVT was first
adopted on the Mitsubishi Outlander released in October
2005. It has been highly praised for its lightweight,
compact design, excellent fuel economy benefits and
quick shift response. Application was further expanded
to the Mitsubishi DelicaD:5 in January 2007.

Table 1 Specifications

Engine For 2.4L engine
2WD/A4WD 2WD 4WD
Max. input torque 226 Nm —
Max. input speed 6400 rpm —
Max. vehicle weight 2390 kg 2470 kg
GVW)
Control system Electronic —
Torque converter 236 mm dia. —
Ratios FWD 2.349 ~ 0.39%4 —
REV 1.750 -
Final gear ratio 6.120 6.466
No. of selector 5 (P,R,N.D,Ds) —
positions
Weight (wet) 91 kg 93 kg

y N

Derica O15
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Fig. 1 Main cross-sectional view

The JFO11E-P is a medium-capacity (2.0-2.5-
liter class) steel-belt CVT that was adopted on the Dodge
Caliber launched by the Chrysler Group in October
2005. Following initial adoption on the Nissan Lafesta in
November 2004, the JFO11E-P series has been fitted on a
wide range of models, including the Mitsubishi
Outlander and the Jeep Compass and Jeep Patriot made
by the Chrysler Group. It is one of the representative
models in JATCO's lineup of CVTs that are shipped all
over the world.

Table 1 Specifications of JFO11E-P

Torque capacity (Nm) 250
Gear ratios  [Pulley ratio 2.349~0.394
Ratio coverage 6.0
Reverse gear ratio 1.750
Final gear ratio 6.120
Weight (wet)(kg) 92 (FWD)~93 (AWD)
Overall length (mm) 359.3
Distance between 1st and 2nd shafts (mm) 17
Distance between 1st and 4th shafts (mm) 198
Manual mode 6 speeds

m [ Typical model fitted with the JFO11E-P CVT =

DODGE Caliber
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Fig. 1 Main cross-sectional view

The front-drive JFO10E CVT is the world's first
high torque capacity CVT capable of accommodating
maximum torque of 350 N-m. It was first adopted on the
Nissan Murano for export to North America in November
2002. It is highly acclaimed for its powerful, linear launch
performance and smooth acceleration. In addition to the
Murano, it is also used on the Nissan Teana and Presage
models.

Table 1 Specifications of JFO10E

Max. input torque 350 Nm
Max. input speed 6400 rpm
Max. vehicle weight (GVW) 2280 kg
Control system Electronic
Torque converter 250 mm dia.

LOW~HI 2371~0439
Gear ratios

Rev. 0.745
Final drive gear ratio 5173
" 4 (BR,N,D) +Manual

No. of selector positions T ode shift
Dry weight N kg

m [ Typical model fitted with the JFO10E CVT m

Murano
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Fig. 1 Main cross-sectional view

The JF613E-X is JATCO's first 6-speed AT
for use on small front-drive cars. It was adopted on the
Renault Scenic minivan, a popular model in Europe that
was rolled out in October 2006. It was also fitted on the
large Renault Espace, another popular minivan released
in May 2007. Thanks to the low friction and wide ratio
coverage that characterize this AT, these two Renault
models enjoy immense popularity in the European
market for their excellent fuel economy and driveability.

Table 1 Specifications of JF613E-X

Max. input torque 360 Nm
Max. input speed 4000 rpm
Max. vehicle weight (GVW) 2665 kg
Control system Elecu;):;li;:;gls el
Torque converter 250 mm dia.
lst 4.199
2nd 2405
3rd 1.583
Gear ratios 4th 1.161
5th 0.856
6th 0.686
Rev. 3.457
Final drive gear ratio 3.360
No. of selector positions 4(PR,N,D)
Overall length 385 mm
Weight (wet) 9%8ke

m [J Typical models fitted with the JF613E-X AT =

Scenic
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Fig. 1 Main cross-sectional view

The front-drive JF613E-S 6-speed AT was
initially adopted on the Mitsubishi Outlander for export to
North America in September 2006. Subsequently, it was
also fitted on models for the Japanese market, and its
application has been expanded to cars sold in various
markets around the world owing to its popularity. Noted
for its low friction and wide gear ratio range, this
outstanding AT has won high acclaim for its excellent fuel
economy and power performance. Furthermore, paddle
shifters and the INVECS-II shift schedule control system
have been adopted to provide improved driving pleasure.

Table 1 Specifications of JF613E-S

Max. input torque 276 Nm
Max. input speed 6500 rpm
Electroic with linear
Control system .
solenoids
Torque converter 250 mm dia.
Ist 4.199
2nd 2.405
3rd 1.583
e 4th 1.161
ratios
5th 0.856
6th 0.686
Rev. 3.457
Gear range (1%/6") 6.12
Final drive gear ratio 3.571
- 4(P,R,N, D)
No. of selector positions with manual  shift mode
Overall length 396.8 mm
Center distance between
engine 205 mm
and differential
Weight (wet) 101.4 kg

m [J Typical model fitted with the JF613E-S m

Outlander
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Fig. 1 Main cross-sectional view

The JFO12E CVT was first adopted on the
Suzuki Wagon (FX-S Limited) in September 2006. As
one of the world's lowest friction transmissions, this
front-drive CVT is just the right size for minicars. It was
also adopted on the new Subaru Stella model that was
put on the market in May 2006.

Table 1 Specifications of JFO12E

Max. input torque 110 Nm
Max. input speed 6500 rpm
Max. wvehicle weight
(GVW) 1,380 kg
Control system Electronic
Torque converter 185 mm dia.
Pulley ratio 2.432~0.423
Gear Ratio 575
ratios coverage
Rcyerse gear 2487
ratio
Final drive gear ratio 8.034~5.264
No. of selector positions 5(P,R,N,D,S)
Overall length 353.7 mm
Center distance between
engine 172 mm
and differential
Dry weight 57.8kg

m [ Typical model fitted with the JFO12E m
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m [ Typical model fitted with the JR508E m

SKYLINE Coupe

Following its adoption on the Nissan Cima in
January 2007, the JR507E AT, including the JR508E
version, has been fitted on many models as one of
JATCO's main transmissions for rear-drive cars.

In October 2007, the JR508E AT was adopted
on the Nissan SKYLINE Coupe, which marked the 50th
anniversary of that model's debut. The improved JR508E
was mated to Nissan's new VQ37VHR engine
incorporating a variable valve event and lift (VVEL)
system. This hardware pair achieves high power
performance with quick, direct throttle response
combined with low fuel consumption.

In addition, the combination of a new chassis
and suspension system provides supple ride comfort
together with superb vehicle dynamic performance.

0 Features of the JR508E AT fitted on the SKYLINE Coupel

(1) Power performance
The JR508E has been improved to handle a
maximum input speed of 7500 rpm, and it also
incorporates an optimal control system, ensuring the
delivery of powerful driving force to the rear wheels.

(2) Improved response with direct, linear feeling
The torque capacity of the AT was changed, lock-up
operation was extended to more speed ranges (first
application of complete lock-up operation to 3rd, 4th and
5th gears) and the range of lock-up operation was further
expanded. These improvements combined with the new
VVEL system-equipped engine enable better tracking of
the accelerator valve opening to provide enhanced
response with a direct, linear feeling. Moreover, the
adoption of a manual shift mode operated via paddle
shifters successfully delivers a sportier shift feeling.

(3) Improved fuel economy
The fuel economy of the new Skyline Coupe was
improved by about 8% over that of the previous model
fitted with the VQ35DE engine. That improvement is
attributed to the extension of lock-up operation to
more speed ranges in both the driving and coasting
modes, the expanded range of lock-up operation and
the mating of the JR508E to the new engine.

Table 1 Specifications of JR508E
Specifications

Max input torgue 400 Nm
Max input speed 7500 rpm
Engine VQ37VHR
Torque converter ® 250 mm dia
1st 3. 841
2nd 2.352
. 3rd 1.529
Gear ratios 4th 1
5th 0.839
Rev 2.764
Final drive gear ratio 3. 692
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Intr oducing the F03B 4-speed AT for Front-drive Cars

FOBOOOOOOOOOOOOooooOoOOoODO The front-drive FO3B 4-speed AT has been
O0OOFFOO40ATO OO highly acclaimed for its compact, lightweight design. This
00 0 O O Renault Samsung MotorsT SM30 0 0 0 AT has been adopted on the Renault Samsung SM3. For

this application, the AT hardware was carefully selected

e to match the export destinations. The shift timing and

bobodooboodoooogoooouooon shift oil pressure were also optimized to achieve the
0obb0o00ooo00O000bObO0o0oOoooooo customer's requested performance.
goooon
Table 1 Specifications
Max. input torque 147 Nm
’: Max. input speed 7500 rppm
' Max. vehicle weight (GVW) 1625kg
Control system Electronic
1 w: g == Torque converter 236 mm dia.
. j Ist 2.861
2nd 1.562
Gear ratios 3rd 1.000
4th 0.697
= Rev. 2310
‘“‘ Final drive gear ratio 4342
No. of selector positions 6 (RR,N,D,2,1)
— Overall length 397.6 mm
Fig. 1 Main cross-sectional view ggﬁ;}?ﬁg&e between engine 186 mm
Dry weight 63.0kg

m [J Typical model fitted with the FO3B AT m

T — ==
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Renault SasiL.mg SM3
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Intr oducing the JF405E-G 4-speed AT for Frontdrive Cars
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0000000000000 oooooooooon
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0 O K-OBDI Korea-On Board Diagnostics{T] 0 O O O
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Fig. 1 Main cross-sectional view

The front-drive JF405E-G 4-speed AT was
adopted on the Matiz, produced by GM Daewoo &
Technology Co., in July 2002. This AT was also fitted on
the new generation of the Matiz released in March 2005.
Slip lock-up control was incorporated to improve fuel
efficiency and the electronic control system was upgraded
to match the Korea Onboard Diagnostics (K-OBD) system
required by environmental regulations. This AT is exported
to the South Korean market, Europe and other regions.

Table 1 Specifications of JF405E-G

Max. input torque

71.5Nm
Max. input speed 6500 rpm
Max. vehicle weight (GVW) 1,217kg
Control system Electronic
Torque converter 186 mm dia.
Ist 2914
2nd 1.525
Gear ratios 3rd 1.000
4th 0.725
Rev. 2,642
Final drive gear ratio 4709
No. of selector positions 6 (PR,N,D,2,L)
Syl el 359.9 mm
Dry weight 45.7kg

m [ Typical models fitted with the JF405E-G AT =

New Matiz
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Topics

1. Minister of Education, Culture, Sports, Science
and Technol ogy Awards: Commendation for
Originality and Invention and Commendation
for Originality and Invention in Occupational
Fields

A ceremony was held on Friday, April 20,
2006 to present awards to the recipients of the fiscal
2006 Minister of Education Culture, Sports, Science and
Technology Awards--Commendation for Originality and
Invention and the 47th Commendation for Originality
and Invention in Occupational Fields given by the
Shizuoka Branch of the Japan Institute of Invention and
Innovation. Nine JATCO employees received these
awards. The Commendation for Originality and
Invention is awarded to persons who have contributed to
the improvement of technology in occupational fields
through the exercise of their outstanding originality and
ingenuity.

2. Certified high-proficiency skilled workers give
instruction to industrial high school students

JATCO employees who are certified high-
proficiency skilled workers gave technical instruction on
ordinary lathes to students of a nearby industrial high
school on Tuesday, July 18, 2006. They were invited to
do so by the Shizuoka Branch of the Japan Vocational
Ability Development Association. Having no regular
firsthand contact with the techniques of professionals,
the students watched intently as if they were devouring
the masterful skills demonstrated by the experienced
JATCO employees. This activity was also very
significant as a forum for communication through the
medium of technical skill, as normally there is little
contact between schools and companies.

200G/
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3. President Shigeo Ishida addresses the 2006
Manage ment Briefing Seminars

The 2006 Management Briefing Seminars
were held from Monday-Friday, August 7-11 in Traverse
City, Michigan. These seminars are sponsored by the
Center for Automotive Research (CAR), an external
research institute of the University of Michigan, and
have a long tradition dating back more than 40 years.
This is one of the largest conferences attended by the top
executives of the automotive industry, typically
attracting over 1,000 attendees during the event.

JATCO President & CEO Shigeo Ishida
addressed the World Class Manufacturing session held
on the opening day, August 7. Among other subjects, he
explained the advantages of CVTs and the Jatco
Excellent Production System (JEPS), representing
JATCO's approach to manufacturing based on the use of
a global network. His remarks included related video
clips and were enthusiastically received by the audience.

Mr. Ishida was also interviewed by
Automotive News and Automotive Engineering, an SAE
publication. Both carried extensive articles that served to
penetrate the JATCO brand name further in the North
American market and to educate readers on the many
benefits of CVTs.

4, Ceremony held to celebrate cumulative production
of three million units of the 4speed JF405E-H AT
for front-drive cars

A ceremony was held in the Kakegawa area on
Tuesday, September 12, 2006 to celebrate cumulative
production of the three millionth unit of the 4-speed
JF405E-H automatic transmission for front-drive cars.
Designed for use on minicars of the 1-liter class, the
JF405E-H went into production in 1998 for delivery to
Suzuki Motor Corporation. The three-million milestone
was reached in approximately eight years.
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5. Turtle Circle wins Inspiring Award at the
National QC Cirde Congress in Kobe

JATCO's Turtle Circle attended the 4840th
National QC Circle Congress held in Kobe on September
21-22, 2006 and skillfully won the Inspiring Award.
Their theme was "Complete elimination of the residual
black scale on the outer end face of the oil pump."

6. Paper presented at the 15th Congress of the
IFHTSE in Vienna, Austria

JATCO employees presented a paper at the
15th Congress of the International Federation for Heat
Treatment and Surface Engineering and Surface
Modification Technologies (IFHTSE) held at the Messe
Wien in Vienna, Austria from September 25-29, 2006.
The paper was titled "Application of a quenching
simulation to CVT pulleys."

7. Ceremony held to unveil new plant in the Yagi area

JATCO's new plant in the Yagi area was
unveiled at a ceremony held on Wednesday, October 11,
2006 to celebrate the completion of the facility.
Approximately 70 special guests were in attendance,
including Kyoto Prefectural Governor Keiji Yamada,
Nantan City Major Toshinori Sasaki, other local
government representatives, Nissan Motor Co. Co-
Chairman Itaru Koeda and other related persons. The
event was extensively covered by the media, including
the Nihon Keizai Shimbun, Kyoto Shimbun, KBS Kyoto
Television and other newspapers and television stations.
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8. Two papers presented at the 5th International
CTI-Symposium

JATCO employees presented two papers at the
5th International CTI-Symposium Innovative
Automotive Transmissions held in Berlin, Germany
from Monday-Thursday, December 4-7, 2006. More
than 900 specialists from around the world attended this
transmission symposium. The papers were titled "Future
innovations in transmissions" and "New 6-speed
automatic transmission for FWD vehicles--JF613E."

9. Fighting Spirit Circle wins Inspiring Award at
the National QC Circle Congress in Okinawa

JATCO's Fighting Spirit Circle took part in the
National QC Circle Congress held in Okinawa on
December 7-8, 2006 and splendidly won the Inspiring
Award. Their theme was the "Challenge to achieve zero
defects on the valve body assembly line."

10. Completion of facilities at Mo tegi Proving Ground

A 30% basic grade course, low-u course,
additional high-speed circuit course, low-temperature
bath and a JATCO building were completed at the
Motegi Proving Ground. The completion of these
facilities, which had previously been lacking, increased
the test driving capacity to 750 hours per month, a
threefold increase over the previous capacity, and
marked the start of the full-scale operation of JATCO's
proving ground.
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11. Saving Hero Circle wins Inspiring Award at
the National QC Circle Congress in Beppu

JATCO's Saving Hero Circle attended the
National QC Circle Congress held in Beppu on February
15-16, 2007 and successfully won the Inspiring Award.
Their theme was "Sticking failure of the L8 reverse
inhibitor valve due to contamination by fine-particle
vinyl fragments."

12. Establishment of a plant in China

JATCO announced on February 28, 2007 that
the company has established a new wholly owned
subsidiary in Guangzhou, China and will invest
approximately six billion yen to build a new steel-belt CVT
production plant there.

This will be JATCO's second overseas
production facility after JATCO Mexico, S.A. de C.V., the
company's local subsidiary headed by President Katsufumi
Ito in Aguascalientes, Mexico. Production of steel-belt
CVTs at the new plant in China is expected to begin in
2009. Initial production capacity of around 140,000 units is
planned, but it is anticipated that production capacity will
be further expanded in the future as CVT demand grows.

The construction of this new plant in China will
establish a manufacturing base for JATCO in that market.
JATCO aims to further expand sales of ATs and CVTs in
China and the surrounding region where large growth is
expected in the future, and thereby promote the company's
continued growth and globalization.

13. Opening ceremony held for Technical Skills
Academy

An opening ceremony was held for the Technical
Skills Academy on March 2, 2007. This academy was
established for the purpose of enabling not only the people
directly involved in production but also maintenance and
inspection people to enhance their skills by making full use
of their knowledge. Six mass media companies, including
the Nihon Keizai Shimbun, covered the opening ceremony.
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14. Ceremony held in the Kambara area to celebrate
cumulative production of ten million units of the
4speed FO3A AT for front-drive vehicles

A ceremony was held in the Kambara area on
Thursday, March 29, 2007 to celebrate cumulative
production of the ten millionth unit of the 4-speed FO3A
automatic transmission for front-drive vehicles. The
FO3A went into production in March 1989 and has been
one of JATCQO's mainstay transmissions. Cumulative
production reached the one-million milestone three years
later in February 1992. In September 1998, cumulative
production reached five million units and has continued
to expand steadily since then to attain a total production
volume of ten million units over a period of 18 years.

15. Paper presented at the 2007 SAE World
Congress & Exhibition

JATCO employees presented a paper at the
2007 SAE World Congress held at the Cobo Center in
Detroit in the U.S. from Monday-Thursday, April 16-19.
The paper was titled "Introduction of the new
technologies adopted for the oil pump of the CVT2."

16. JSAE grants Fellow Member status

The Society of Automotive Engineers of Japan
(JSAE) granted Fellow Member status at a ceremony
held on Friday, June 1, 2007 to celebrate the 60th
anniversary of the establishment of JSAE's Kanto
Branch. Two JATCO employees, including President &
CEO Shigeo Ishida, were honored with this membership
grade, bringing the total number of JATCO recipients to
six at present. The granting of this membership class is
in recognition of the wide-ranging activities of the
JATCO recipients.

With over 40,000 members, JSAE is one of the
largest engineering academic societies in Japan. The
Fellow Member system was inaugurated in fiscal 2004 to
grant this membership designation to regular members
who have made significant contributions to the
accomplishment of JSAE's objectives and to automotive
science and technology.
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Manufacturing Division No.3
Kyoto Manufacturing Department

1. Overview

JATCO's Kyoto Manufacturing Department in
Manufacturing Division No. 3 is located at 1, Mizushima
Kaigan Doori in the city of Kurashiki in Okayama
Prefecture. This department in the Mizushima area has a
workforce of 187 employees.

The Kyoto Manufacturing Department joined
JATCO's organization as a result of the merger with
Diamondmatic Co., Ltd., which had been formed in April
2002 when Mitsubishi Motors Corporation (MMC) spun off
its transmission division as an independent company. Located
on the premises of MMC's Mizushima Plant, the department
produces transmissions for minicars. The department's present
organization in the Mizushima area resulted from
consolidation with that of the Kyoto area in 2006.

The production lineup includes 3- and 4-speed
ATs for Mitsubishi's front-drive eK wagon, 4-speed ATs
for Mitsubishi's rear midship i minicar and 4-speed ATs
for Mitsubishi's rear-drive Townbox and Pajero MINI.
Operations extend from parts machining to transmission
assembly and inspection, and high-quality products are
supplied in a timely manner.

One unique feature of the Kyoto Manufacturing
Department is that it functions as one part of MMC's
integrated production lines. Fully assembled
transmissions are immediately supplied to MMC's vehicle
assembly line. For that reason, continuous improvements
are made to enhance quality, boost productivity and
reduce costs so as to maintain stable, high-quality
production at all times.

Lok [l [T

Fig. 2 Map of the Mizushima area
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Fig. 4 Oohara Museum of Art in the cultural area
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2. History

The history of this manufacturing department
dates back to 1943 when the Mizushima Aircraft Works
of Mitsubishi Heavy Industries was established. In those
days, it manufactured the Army's Type 1 attack bomber
and the Navy's remodeled Shiun reconnaissance plane.
After World War II, it drew upon its aircraft
manufacturing technologies to launch production of
small three-wheeled trucks in 1946.

Production of ATs began with 2-speed units in
1984 when the Mitsubishi Minica was changed to a
front-drive layout. Subsequently, production was
changed to a 3-speed AT (F3Al) in 1987 when a 3-
cylinder engine was adopted. Production of a front-drive
4-speed AT (FAA1) began in 1993. The sales success of
the Pajero MINI heightened expectations for in-house
production of rear-drive 4-speed ATs. Production of a
rear-drive 4-speed AT (R4A1) that shared core
components with the front-drive units started in 1998. At
present, the F3A1, F4A1 and R4AL1 are all still being
produced here.

3. Intr oduction of L ocal Area

The Mizushima area is located in the
Mizushima Coastal Industrial Zone in the southern part
of the city of Kurashiki. This area is blessed with the
Inland Sea's moderate climate and the rich plateau
formed by the Takahashi River.

Located near the Mizushima Coastal Industrial
Zone are vistas overlooking various scenic spots such as
the majestic Seto Ohashi bridge. Other nearby tourist
spots include Washuzan Highland and Ojigadake Hill
that are representative of the Setonaikai National Park.

In the center of Kurashiki is a beautiful area
that preserves the old white-walled warehouses that
continue the traditions from the Edo Period. This area is
well-known for its rich cultural atmosphere, where the
Ohara Museum of Art, Kurashiki Archeological
Museum, Kurashiki Museum of Folk Art and other
facilities are located. On the north side of Kurashiki
Station is the nearby Kurashiki Chibori Park where
various entertainment events enjoyed by everyone from
children to adults are held amid a profusion of different
blossoms and flowers depending on the season.

m [ Author m

Kazunori ARAI
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Fig. 1 Jco Mexico, . A.deC. V.
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Fig. 2 First production

1. Outline

Address : Carretera Panamericana Km.75,

Col Los Arellano C.P. : 20340
City of Mfg. Location : Aguascalientes, Ags, Mexico
Establishment Date : April 30th.2003
Total No. Employees : 1043
Jatco Mexico, S. A. de C.V. (JMEX) main business
activities are related to development, manufacturing and
sales of transmissions and automobile components

2. Current main business

JMEX actual main customers are two Nissan
North America locations, in Smyrna, Tenn., and Canton,
Miss, and Chrysler. JMEX supplies the JFO11E
(Continuously Variable Transmission) - there are four
models in all - which is a transmission for 2.0-2.4 liter
engine, front wheel and four -wheel drive vehicles, such
as the Nissan Altima, the Jeep Patriot and Compass, and
the Dodge Caliber.

The JMEX plant produces 35,000 units per
month. Once the second phase of the launch is complete,
JMEX will have an additional manufacturing capability
of 23,000 CVTs per month and JFO10E to answer the
expected higher market demand to Europe and providing
more units for the nearby Nissan Mexicana plant.

Due to nature of the CVT transmission, most
of the components were supplied by Japanese suppliers
when we started production at 2005, however, JMEX is
working on the localization of main components into the
NAFTA area in order to take advantage of the benefits
that NAFTA program offers to manufacturing
companies. So, JIMEX will mainly start receiving more
components from suppliers located in USA and Mexico.
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Fig. 3 Introduction fdr CVT assembly

3. Environments

JMEX manufacturing success is due to good
education level of our employees. So, High level schools
located in the area has allowed to JMEX to ensure an
excellent skilled labor force which is very much related
to automotive manufacturing. In addition, JMEX has
been awarded with the Quality Certification on ISO/TS
16949 : 2002 so, our company has taken a big advantage
to increase (JMEX to grow up to 1300 overall employees
after expansion) the number of jobs and keeps a
continuous improvement of the life style of their
employees living in a very peaceful and active city(

4. Aguascalientes

Aguascalientes city origin is due to the great
number of the natural hot springs in this area and where
Aguas - calientes name is coming from. Aguascalientes
City is located in the center of Mexico : it is the capital
city of the same name of the state. It is located at 500
kms Northwest of Mexico city. Aguascalientes city
population is 1 Million people and this is one of the
smallest states in Mexico, but it is very well located from
US Border, Pacific Coast and Gulf of Mexico for exports

s = ¥

Fig. 5 Aguas clientes
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5.Future of Jatco Mexico 5. Future of Jatco Mexico
JMEXOOOOODOOOOODOODOOODOOOO JMEX, we are taking big effort to get
NAFTAO OOOOOOOOoOoOooooooooo competitiveness of world No.1 in order to come through
0000000000000 0000O0o0o0o0n customer request in North America, as manufacturing

OooO00o0o0O00o0o plant of NAFTA and first overseas plant of Jatcold

m (] Author =

Velazquez Mauricio
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Application Date : 10.19,1999

Patent Number : 3744748

Registration Date : 12.2,2005

Title : Drum supporting structure for automotive
automatic transmission

Inventor : Toshio Yamaguchi

0 SUMMARY OF THE INVENTIONDO
The drum supporting structure comprises
larger and smaller diameter portions and a radially raised
wall portion which are defined by the aluminum drum
support, the radially raised wall portion being arranged
at an axially base end of the larger diameter portion, the
larger diameter portion having the seal rings
concentrically mounted thereon; a first steel sleeve
coaxially fitted to a cylindrical inner wall of the larger
diameter bore, the first steel sleeve including a
cylindrical major portion which is slidably put on the
seal rings and a cylindrical end portion which is slidably
and directly supported on the larger diameter portion of
the aluminum drum support, the cylindrical major
portion and the cylindrical end portion being integrally
connected to constitute a single unit; and a second steel
sleeve coaxially fitted to a cylindrical outer wall of the
smaller diameter portion of the drum support to bear a
cylindrical inner wall of the smaller diameter bore of
said drum.
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2. Hydraulic clutch control of vehicle power train
U Fig. 20

Application Number : 10/648,826
Application Date : 8.27,2003
Registration Date : 5.9,2006
Title : Hydraulic clutch control of vehicle power train
Inventor : Naoya Inoue

Tateki Jozaki

Tatsuo Ochiai

0 SUMMARY OF THE INVENTIONDO

It is an object of this invention to maintain the
precharge pressure of a hydraulic clutch which performs
precharging at a preferred level even when a shift lever
is operated repeatedly.

In order to achieve the above object, this
invention provides a control device for a hydraulic clutch
which is provided in a power train of a vehicle to
transmit a drive torque. The device comprises an oil
pressure supply unit which supplies oil pressure to
engage the clutch, and a programmable controller
programmed to count an elapsed time following a release
of the clutch, and cause the oil pressure supply unit,
when the clutch is engaged from a state of release, to
precharge the interior of the clutch in accordance with
the counted time to fill the interior of the clutch with
hydraulic fluid prior to engage the clutch.

This invention also provides a control method
of a hydraulic clutch which is provided in a power train
of a vehicle to transmit a drive torque and is engaged by
oil pressure. The method comprises counting an elapsed
time following a release of the clutch, and precharging
the interior of the clutch in accordance with the counted
time to fill the interior of the clutch with hydraulic fluid
prior to engage the clutch.

- 140-



?i?*?iit’ﬁi%ﬁ—% (20054E7 H1H~20074:12H31H)

% & H % K %k 3% & % R &
2005.09.15  [20054E[E ¥H L% JEREFRIG N 2 AR T 2T | HRE T RS R Az
MERBZFES G AESMITEORRGE2H) | REELKY AE EAR
HEHET R G EERR
WRET K KH ®EZ
MR TR = W) 2
FEREL HiE A
JBHYAVYERILE TEB &=
HEHET R b3 EF
2005.09.17  |20054EE WHE T %2 BRIEZEOFRINTIC XL S | eI TiERFRRE W) 2
MEREZE S D) RN\ DEMEERE IS | MR AR = WE EB
AR & O HilE HEHET R i e
2005.09.17 20054 E F% L% e BEEERENZ D O T RIC | EEET R HE 5h2
BRI S K HFEmULE WRET KE KH HE
(HL4R) W BT R AR AR
PR TR = W =
HEHET R 873 EF
2005.09 HA B BB (SAE of JAPAN) | X)L b KCVTili O & 8 MR | BUEETREEI I —T K HH
(t&E ) RrtEad B ik DAL TAY T A7)l IhH A
HH G B PE () TEE %
TINAIN- DN B R
F—h< v 7 AW i 5
BEFN S )L TR I FHH
PN SR =y M
# B A G il Hz
A X F ) AR e
WYX I IV AR &1 2z
E—t—hAbo—Ll ErzKiEE
B E T By BT
(BRAS FH BB 25 Pl TEE  HERR
HAI =71 =)L B ZH
Wov N> FD— FigE SE
AZARAMVTU AV HES BH
AYTAZT LD N FE B
T Z-TA->—HE WHE N
yr7ayrEHave UM WE ARk
N3 % H B EEE thsf  —H
NSK7 —J—{#§) miE Bo
i K 1B
2005.09 HA HE B2 (SAE of JAPAN) |AT-CVTEFIC BT ZHILSZ | #lfl- 2 A7 LR B K
(t& ) EHLUZMBCSDOE DA | il > A7 LABFEEE  Bih ek
Ml > A LBFEE ANE Mk
M- > A7 AR RE S5F
- > A7 LRSS SPH BEE
- AT LR & %S
2005.10.19  |LEM21 (H A2 E) Machining characteristics of | S E{E T K% mA B
~22 International Conference on|Low-frequency Vibration | Bt T K% fEE shz
Leading Edge Manufacturing |Drilling MR T IEBA S = W B
in 21st Century (4 E) HEHET RS B ERE
2005.10.19 |LEM21 (H &%) Surface Enhancement by | HEE T K% KH B
~99 International Conference on |Friction Stir Burinishing WRET K WE  5h2
Leading Edge Manufacturing MBS = WE) {B8PH
in 21st Century (4 E) HEHET RS bE ERE
2005.11.19 [%856[m ¥ THEAHHES B EhZS b BRI B B B | R ER AR ER T ES
(i) e 8B 4 4 3 A S5 4511 #E—FRA/TTY; 74 TR f#
H—FRA/T L A E—
BRI AR Wik &A
BRI A [ERE R
$B—FRA/TT.3 AN A
MR TIEBA R = AL B

-141-




% % H % £ % % & % £ F
2005.12.04 |4th International CTI- New CVT Unit For 250 Nm | #4832 5 LA BHFEHER =i i
Symposium Innovative Automotive | Class By Jatco E—rEmpA = BAK R
Transmissions (Detroit, U.S.A) Hl#E- > 27 LRI HE RE
ErEmpA = il &
oY s amkAatt HiR =
2005.12.07 | AARZLEEH T BIRBEANEREE WL 2 R | PR TR = Ko 3 SR
HEolE k= (AHR) L 7=SCr420 O T I 5 1 1t MR T IEBA = R Rl
MR IR = LB ER
FRZ 1 I AR RS IER
PR B2 pE RS A E—
2005.12.07 | HARZMLHEEH T B B2 MR S 1T B 2 2L | bR T iRp R = NN
FEolm Ak (BHR) I Ial—2allForn| METHERE LB SEE
FE(FD2) B TiERRE SE PRIE
2005 H A&k = BREWEZOFRINTIZES | B TS W 2N
B2V TV A T T4 A N T % [RNHELHE B O EHEERE IS 1 | M LIk E MR EE
2NN A R & 2 D il R BT R R 5hz
2005 WHEA ST Oo—%% RIRBEAIL L 7= i 55 SR O it | AR LIk = Ko HB Sk
Ew T 7RI RIEFTH | MR Tk R= LR M
WL D MR TR = LB R
PRSI I AR e Bk
PR IR P RS T mA E—
2006.03.03 |HAHEHEEHS HENEAZEHEOEME DV | B R E B IER
(SAE of JAPAN) GZ#) kO kg
2006.04.01 |SAE (Detroit, U.S.A) Development of a New-Generaration | 55— 5L AR = HAK X
CVT with Medium Torque Capacity | &5 P4 hBAFE = Jis# HE
for Front-Drive Cars E—-rampRE=E TRk )
E—rEmpAR=E il &
HERE S 2 T NNBHFEER [T v
=y bEARER M ERR
2006.05.24 |HABHEHEENE hAEVEL ALV RCVTOHliHE | HlfE- 2 AT LR St FF
~26 (SAE of JAPAN) (Fi%) FHBAFE TR 2 [EIpES
=ZEHBETE xO gz
ZEHEEITE i e
2006.06.12 | HARBULEE G BT#HES H B2 MR S I BT D 2L | MR TiEpAR = /o H—
(HIK) HIal—Tartzo | MEILEARE LB SER
FE(ZD3) MR TIEBA S = SE R
2006.09.27 |55 15E]E FR B E PR Application of Quenching | ¥ TiEBF=E an J—
(Vienna) Simulation for automatic | #¥ TikFAFE MEdE B
transmission parts MBS = ¥ Tk
2006.09.27 | AARHBEETS AT-CVTH iR ~ 5 | EBHE TS 3
~29 (SAE of JAPAN) (kL) DV FAFTEORFE | EBRET o k4T
P Wil B
2006.09.29 |ICMT'2006 (International conference |Consideration of Correlation Between | /KPERZERUBFEMME T8 LRI B %
on Mechanical transmissions) Basic Lubrication Performance of | K& > A 7 AR EHED 15 ]
(FERET, P E) Lubricants and Surfce Durability of gears
2006.10.04 |2006 CCA/ISIC/CACSD IEEE |Practical use of HILS and | #lffl- > 25 ABAFEE B Ak
~06 Conference an approach to MBCSD for | #lf#l- > 2 ABEFEEE Bt 258t
(Munich) AT and CVT development | #ilf#l- > XA 5 ABFEE  H #hl
M- > A7 AR RE E
- AT LBREE & k=
2006.10.31 | BAZEMEN L2 B D/ > F L Ak | HiEE RKE &—
(&) B EEoE AR S ST &N
MR TR = M|[TE=TS
MR T IEBA S = ¥ ER
MR TR =E SLE PRIE
BB E AR gk E
2006.11.01 | HAMEIN T %% SR TR O ALY A | BAERRIR Hik H—
€=, W T2 BT HEE R | EREEEK W OEER
BREERR POl S
MR IR =E M][FE=S
MR TR =E LB 2k
PR LIEB = ShE PRIE

- 142-




3 & H e 7 & % K H
2006.11.24 |HAK A AEENLT TEE |75 a0 EBEEEEHND | BB TKY mR EE
WRER PR FICB T B UHEERE & TEE | ERBTRY R Az
(FED) FEINHIRERE MR LIRS = w2
HERE TR IE ERE
2006.12.04  [5th International CTI-Symposium |Future Innovations in| 2% kagkXath HiR S
~07 Innovative Automotive Transmissions | Transmission
(Berlin)
2006.12.04 [5th International CTI-Symposium |[New 6-speed automatic | —EmBIFE=E 2% I1E—
~07 Innovative Automotive Transmissions |transmission for FWD by | 28 B BERE e B
(Berlin) JATCO MR E %A B
E MBI E M JEF
EormmARE=E 2H EBE—
2006.12.05 [(HEESR) BB ERY O ARP UL |BREFHHEACVTOREF EormmmAR=E AR =
20064 12H no.15-06 B E T W JLEO &
E MR E E3L E
EormmbAR=E WA /E
E MmN =E R Bz
2006.12.08 | H AN RMERES | HEHZ BTN I B 1T 2 240 | MR TiEp A= a0 H—
(JLINRE) B Ial—alltZFom | MERITEAKE i
il (ZD4) MR TR = L8 S8R
2006 RIETHAM DLCHIRIC & D HrBhE 97 Fdn | MRIBEERMT 4 — AR EXR
DIE ME)NNEEEENY Y- "R BE—
MR TR = Pk e
MR LA T E R FEME
A > 7 — REE ERN s
2006 H B s FY /A XRHROBIRES | B TIRERE W EE
D1k
2006 W 1P YHI—NZ> > 7EG LT | PR TERRE w2
Vol.72 No.7 2006 HOB% &2 OHARE WREB TR R GIN
BLEIFEMED Al EERR
BT R A B
WRET R & FRE
2006 JSME International Journal, Low-Frequency Vibration | il T K% Mk &
Series C,49,1(2006) Drilling of Titanium Alloy | HAUET K% #E 5h2
MR TR = W B
HRET R e =
2007.03.06 | A= HEAEEHEHBERICB T2 | H#E- > X7 LREHL e @A
~03.08 ETIINARN— AR TIE
2007.03.28 (20074 HASM G B ZHEK | BB ARG O U B | AR TR = WH  FIgEk
R(FEILERS) etk i RO I Hik D 2 MR LIRS = w2
PNEGLSY? S HA
KRR k8 AR E—BR
2007.3 HER#H 5605 Za—bIIVT A RILVEIE S | #EE S 2T LB il s
AT LT K B E A b H 2 H BhE (BR) FIAH ¥
H 7 H B = (R) AR RE
H 2 5 BhE (BR) INPR TS
HlE - A7 ABFES Sl =
2007.04.16 |SAE Vane Pump for New |#RES X T ABAFER Il Bz
~19 (Detroit, U.S.A) Generation CVT BEAE S A T ABHFET EH Ok
BERE > A T L BRFEEE shit  #E
BERE S A 7 L BR TS R B
2007.04 =ZEHHH FBAFEGHEA — b F v U M| BErERBEREE KIE &5t
FOZNAN L E1—2007n0.19 |S>A3Iwviar FERE M EE
2007.05 H A B BiH AT (SAE of JAPAN) | il s BX B F #1263 H B 25K | 25 A bR = HE H—
(Hi) B DAEI T BoramBATEE 28 E—
E A= %2H i
EormmAR=E He  iEF
o pEmATEE 2H H—

- 143-




% % H % £ % # 7 5 &K
2007.05.28 | HAMMY = H16EISFE HEAHEEHEEDO Y v F 2 Vi | B A7 LE%EHT B L
(t& ) FEIC KT S i LT DWW T
2007.6.12 2nd CTI Symposium & Exhibition [CVT Technology Innovation | & —pgmBHH= AN
Automotive Transmissions North [for Customer Satisfaction
America
(Detroit, U.S.A)
2007.06.16  [IFToMM2007 (The 12th World |Improvement of Contact | ®it 2 A 5 LR EHER B )
~06.23 Congress in Mechanism and |Fatigue Strength of Gears by | i 2 A 5 L% EHED K#HFxE w2z
Machine Science (Besancon, France) |Tooth surface el A BH5L
2007.07.01 |13th International Conference on |Excellent durability of DLC film | EEH B E R ERSCER
~6 Surface Science on carburized steel (JIS-SCr420)
(Stockholm, Swedish ) under a stress of 3.0GPa
2007.09.12 |CVT-HYBRIDE2007 Application  of  quenching | R MBHFE = a0 H—
(i) simulation for CVT Pulley R E MEE B
R E LB SEA
2007.09.12  |20074E R TR RN |12 R BB E /ONTIC X 288 | BRI =E w2
~14 AvE OB D R AL FEREMAE=E WE  EE
2007.09.19 |[BEFRFERIVEEKFLEKRS |BEABEREEZAVWEFTY O | BEREMBHFREE A K
~21 (BN K2E) Tavx i a R WE  EE
2007.09.26 | ~TAHROY—=iE 20078 ~NJV FCVT O Jm HIBEER K | EREMERER g W
~28 () ) bk A = X L fi#HT FEREMNARE HH ik
BRI E w2
g S AT Likahil g AE
2007.10.29  |EBREULILEHE 16K~ Application of quenching | EEHEMHER=E w0 Jt—
~11.01 (Bliss Ben , Australia) simulation for CVT Pulley TIEMNHRE HMidE (B
BRI E LB SR
2007.10.17 |HABASHEFEMS (SAE of JAPAN) [TV A2 b7 —U M u i BT | #5582 25 L3 EHD LRy IF g
~19 (#D) £BN)V NCVTOEERRM | | #iE S AT AF%EHT g 5E
W TH¥ R R
HGELE MG B2
2007.10.26  |ZELSEIZAMEN TG HH S NTEHTHI Ty F RILD | BHEEMAFEE g ER
~28 (FL1R) AEZ VTR W& > AT BT KEF R
—PFRNSBEET—
2007.10.26 | ZE5SEIEAME M LE &S W R DOE /N F L AR E | BRI RE SR PRI
~28 (FL1R) 1o EI RS EREMARE TR
(B4 BIIEHEEORUNA | EEENERE FEA SEhf
EMIN D FEREDZE) FRIEE AR gk B
2007.11.01 [IMAABA—T7>h>T 7L > A |[JATCORBIFZETFINAR—Z | #ilfHl- > AT LBFEE B 4K
(ER) BFEDED A
2007.11.30 | BABEM A MPT2007 > 282 | B B2k b ol B2 ol oA O 1 | W3 S A 5 LB EHER 54 )
7 L<inBhE > (BHD BRI T B9
2007.12.05 |6th International CTI-Symposium |The Innovative Development | ¥V b J#k &4t el Wk
Innovative Automotive Transmissions | Process of Automatic
(Berlin) Transmissions
2007.12.05 |6th International CTI-Symposium |Development of CVT control | #ilf#l- > A5 ABFEEE B)I| F—
Innovative Automotive Transmissions | technology H Z H 8hE (k) [z S|
(Berlin)
2007.12 THB)HA) 20074 128 vol.61 no.12 | REBNHICE L ZCVTOMRE | H—HmERE B A

Development of CVT for
Small Cars

- 144-




REZ B4 (Editorial Committee)

000 (Chairman)

gooodaoo gbooaoo

Toshimasa Doi Executive Vice President & Member of the Board

000 (Members)

ugboobooaoo goboodgbooon

Yoshitomo Suzuki Project Centert
goooooao goooad

Haruki Morita Legal & Intellectual Property Department
goooooo goooooo

Yuuji Kanamaru Management Information Systems Department
googogoo gooog

Keiichi Shindo Quality Administration Department
goooooao goooad

Taisuke Naito Sales Planning & Administration Department
goooooo goooooo

Mitoshi Miura Product Development Department No.2

gbooogaoo goboogoboodad

Yoshiaki Kato Structural Component System Design Department
goooooao goooooao

Yasuhiro Murakami Product Development Department No.1
goooooo oon

Yoshiaki Yokoyama Experiment Department

ooooooo oon

Noboru Yokoyama Experiment Department

goooooo ogoobooboogn

Toru Takeuchi Component System Design Department
goooood goooood

Kanji Ueno Advanced Technology Development Department
goboooo ooo

Takeshi Iwami Production Administration Department
goooood oooogo

Koichi Nakagawa Purchasing Administration Department

000 (Secretariats)
0000000 DOoOOoooOoooooo

Shigeki Masuda Engineering Administration Department

obooooodg oboobooobooboo

Toshiharu Yamada Engineering Administration Department

uboboogobod oboboobodobod

Mika Sugiyama Engineering Administration Department

OO
oo
oo
OO
OO
oo

JATCO Technical Review No.7

©oooog

200801 10

JATCO Technical Review No.7
goooa

oo oo o gboboboo

gobobobobooo
gbobobdabvroo-1
[J 417-8585 0548] 52[ 2661

oo oo o gooog

obobobobs3goe-20

JATCO Technical Review No.7

January, 2008
Publisher  JATCO Technical Review
O Editord0  Editorial Committee
Distributor Engineering Administration Department
JATCO Ltd
700-1, Imaizumi, Fuji City
Shizuoka, 417-8585, Japan

Copyrights of all articles described in this Review have
been preserved by JATCO Ltd. For permission to
reproduce articles in quantity or for use in other print
material, contact the chairman of the editorial
committee.




	目次
	巻頭言
	寄稿
	特集
	The Jatco WayとV-3Pの概要
	「The Jatco Way」〜企業活動における企業理念の果たす役割〜
	V-3Pの概要
	開発のベストプラクティス
	D-CADICSをはじめとした実験プロセスの改革
	製造にとってのV-3Pと生産ナレッジの活用
	グローバル最適調達の拡大とV-3Pの活用による商品競争力の強化
	V-3Pと品質マネジメントシステムの融合

	支える固有の技術
	自動変速機制御開発におけるモデルベース開発手法
	箱物設計NAVIシステムの構築
	同席設計
	サイマル計画図とU-NAVI-（Q）
	CAEによる自動変速機開発の効率化について
	新型低慣性トランジェント・ダイナモの開発
	ラピッド・プロト・タイピング適用技術紹介


	一般論文
	CVT2用オイルポンプに採用した新技術紹介
	新鍛造一貫ラインの立上げ
	CVTプーリへの熱処理シミュレーション適用
	省燃費ATF EJ-1の開発

	新商品紹介
	前輪駆動用新型6速自動変速機の紹介
	高性能・低燃費なスポーツCVTの開発
	150Nm FF車用スチールベルト式CVTの開発

	商品紹介
	商品ラインナップ
	FF車用ベルトCVT JF009Eの紹介
	FF車用ベルトCVT JF011E-Nの紹介
	FF車用ベルトCVT JF011E-Sの紹介
	FF車用ベルトCVT JF011E-Pの紹介
	FF車用ベルトCVT JF010Eの紹介
	FF車用6速AT JF613E-Xの紹介
	FF車用6速AT JF613E-Sの紹介
	FF車用ベルトCVT JF012Eの紹介
	FR車用5速AT JR508Eの紹介
	FF車用4速AT F03Bの紹介
	FF車用4速AT JF405E-Gの紹介

	トピックス
	事業所紹介
	京都工場水島地区の紹介
	Jatco Mexicoの紹介

	特許紹介
	社外技術発表一覧
	編集後記

