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Focusing on Mono-Zukuri again today

Mono-Zukuri: (Japanese) To create something

oooooo
President & CEO

ooooooon
Shigeo ISHIDA

During the 1980s, the Japanese automotive
industry achieved such dramatic growth that it even
sparked talk of a U.S.-Japan auto trade war. A desire to
resolve that issue was also one of the factors that
prompted Japan's leading automakers to begin building
vehicles in the U.S. The U.S. economy at that time was
following a downward curve, and public safety had also
deteriorated. There are probably many readers who
remember seeing the news about American workers
destroying a Japanese car with a sledge hammer.

Around that time Harvard University
professor Ezra F. Vogel published Japan as Number
One, and Harvard Business School (HBS) professor
Kim B. Clark and Takahiro Fujimoto, who was then a
research associate at HBS and is now a professor at the
University of Tokyo, wrote a book titled Product
Development Performance. These publications highly
praised Japanese industry and production systems,
which strengthened the self-confidence of Japan's
industrial circles.

However, in later years referred to as the "lost
decade," beginning from the bursting of Japan's
economic bubble in early 1990s, it is well known that
Japanese industry underwent considerable structural
changes, due in part to the rise of China and South
Korea. Today, the state of Japan's manufacturing
industry is such that it would no longer be viable
without these two countries.

Amid the recent recovery shown by the
Japanese economy, interest in Mono-Zukuri has been
rising. As might be expected, the fountainhead of
Japan's strength lies in Mono-Zukuri. Against that
backdrop, we took another look at Jatco's corporate
philosophy last year.
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Our mission at Jatco is "to provide value to our
customers, automobile culture and society through our
corporate activities, such as the development, production
and sale of transmissions."

The value we provide is " Jatco's fine Mono-
Zukuri ". Fine refers to the creation of value through the
contribution of all employees.

Why do we put focus on Mono-Zukuri again
today? For one thing, Jatco is a Mono-Zukuri company.
But much more than that, it is because we believe that
Mono-Zukuri is the very value that we must deliver.

Jatco's products are transmissions that are
being built in our and our suppliers’ production processes
every second of every minute of every hour of every
day. These production activities build in the quality and
cost that constitute one part of the value of Jatco's
products. There are also various other forms of value that
we provide, including outstanding performance (superior
to the products of other makers), little variation in
quality and precise/on time delivery. All of these
different forms of value are what we must deliver to our
customers. In other words, all of us are involved in
enhancing the value of our products.

Our design, engineering and production
engineering groups have so far been promoting cross-
functional teamwork in the form of simultaneous
engineering. Recent advances in computer technology
and the lowering of computer prices have made it
possible to progress from cross-functional teamwork to
truly simultaneous and synchronized activities.
Moreover, the development of new transmissions today
requires not only coordination with engine development
but also collaboration with vehicle body development.
Accordingly, the expanding scope of development work
has made it essential for us to have a good understanding
of the entire vehicle and to factor various considerations
into the development of our transmissions.

At the same time, it has also become possible
now to consider a transmission from the standpoint of
the vehicle as the final product, instead of simply as a
gearbox. Consequently, this enables everyone engaged in
the manufacture of our products to build in value
simultaneously.

There may be some who might feel that
manufacturing is not a suitable topic for the preface of a
technical review because of its non-academic nature. |
would like to conclude my remarks, however, with this
proposal to the readers that now is precisely the time to
consider a "focus on manufacturing™ for the reasons |
have outlined here.
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Summary Activities are under way to implement the
Jatco Excellent Production System (JEPS), representing
the Jatco way of production that we aim to practice in
our manufacturing operations. JEPS is closely linked to
the Nissan Production Way (NPW) of Nissan Motor Co.,
Ltd., with the aim of achieving the best manufacturing
system that is superior to the systems of competitors.
This article describes the JEPS philosophy, ideal form
and the ways in which the system is being promoted.
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1. Intr oduction

Six years have already quickly passed since
the JEPS program was first initiated. Activities have
been conducted to achieve the ideal form of production
by developing unique JEPS procedures and tools, in
addition to using various traditional methods of
management and improvement such as TQM, TPM and
JIT. Although still not complete, the level of the
production system has definitely been enhanced through
the vigorous efforts made by many people so far.

JEPS activities have been consistently pursued
despite experiencing two mergers in the intervening
years. As a result, JEPS has also functioned effectively in
promoting the sharing of a common vision (= ideal form),
a common language (= definitions) and a common
yardstick (= criteria) in manufacturing operations.

The continued implementation of the Jatco way of
production will be absolutely essential in the coming years in
order to further improve the level of our manufacturing
operations and respond to our customers' rigorous demands
that are constantly rising. The JEPS program is the compass
of our activities for achieving those goals.

2. Ideal F orm and Objectives of JEPS

As shown in Fig. 1, the base on which JEPS is
constructed consists of two principles. The first is full
participation in JEPS activities by all employees, and the
second is to strengthen the fundamentals of
manufacturing such as by improving quality and the
management of facilities. The process for accomplishing
JEPS involves reforming the three pillars of the
production system by observing predetermined
procedures for carrying out activities. The production
system involves the three functions of production
control, engineering and shop floor management (“genba
kanri"), which are referred to as the three pillars of the
system.
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Fig. 1 Ideal form and objectives of JEPS
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The ideal form of manufacturing envisioned
for JEPS is an order-driven production system that
thoroughly pursues four key points: speed, flexibility,
high added value and overall optimization. Order-driven
production means production synchronized to firm
orders received from customers. This means a condition
where integrated efforts are made from the upstream
processes to the downstream processes to deliver high-
quality products to customers on time, in sequence, with
a short delivery lead time and exactly in accordance with
their orders.

The ideal form and objectives of JEPS consist
of achieving such a high-efficiency manufacturing
system, markedly improving our profitability and
competitiveness to ensure the company's continued
growth permanently, and attaining the abilities to surpass
the competition and rank No. 1 one in the world in terms
of quality, delivery and cost (QDC).

The specific form desired for the production
lines under order-driven or synchronized production is to
have all processes, from forging/casting to machining,
heat treatment, finish machining, assembly and delivery
to customers, interconnected as if to form a single
pipeline. The most important point here is to thoroughly
reduce the overall lead time (Fig. 2).

pment - production]

Fig. 2 Conceptual image of synchronized production
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Shortening the overall lead time involves
improving the production system in each process to the
level of order-driven production. It is also necessary to
implement "interface improvements" to achieve the most
efficient processes from an overall standpoint, rather
than simply pursuing efficiency in individual operations.
Interface improvements involve ensuring an efficient
flow of things without any seams (i.e., unnecessary
inventories), as if the preceding and following processes
are integrated into one single line even though they
might be situated at different locations.

The significance of interconnecting all
processes and shortening the overall lead time lies in
endless efforts to uncover issues and institute reforms.

The essence of JEPS is to uncover a greater
number issues that were not identified in individual
improvement activities and to mobilize all employees in
all-out efforts to implement reforms that lead to total
QDC improvements and the construction of a stronger
manufacturing system at Jatco.

<Concept of synchronized production: Two endless pursuits>
e Endless synchronization of production with
customer orders

Endless efforts to uncover issues and implement
reforms

3. Features of JEPS Program

The manner of promoting JEPS activities is
characterized by the linking of improvements in the
various factors of the production system, as mentioned
above, to the enhancement of results in terms of
profitability and competitiveness in QDC.

If the indices of results, such as the present
levels of QDC are poor, the reason stems from the low
level of the production system containing the causal
factors. Accordingly, improving the production system
and production processes so as to maintain and operate
at an improved level without any backsliding is regarded
as the key leading to the attainment of the targets set for
results (Fig. 3).

(& Objectives of
medium-term Results (targets)
business plan Enhance the
LA. Profitability level
Results (current levels)
2. Competitiveness in terms of QDC
1. Profitability
2. Competitiveness in terms of QDC
G 1. Production system (criteria)
#” Specific items (1) Production control
Present systems for (2) Engincering ( Enbance the
i t A
1. Production system (criteria) - it 4 (3) Genba kanri eyl
m l’rot‘iucm?n control 2. Management and operation
(2) Engineering systems (procedures)
(3) Genba kanri
2. Management and operation systems
(procedures)

Fig. 3 Characteristics of how JEPS is promoted
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<Results: Concept of overall activities>
e Link results directly to improvement of profitability
and competitiveness
e Envision the desired form of JEPS (= order-driven
production) and strive to reform the systems in
which the basic causal factors are found

In setting the targets for results, the
management goals enunciated in the company's medium-
term business plan are broken down and allocated to
each group. In accordance with that allocation, each
production line sets its target for achieving a higher-level
production system (i.e., reduction of lead time) and
undertakes concrete activities aimed at accomplishing
order-driven production.

<Factors: Concept for undertaking concrete activities>
e Must be thoroughly customer (next process)-oriented
O Shift in emphasis from product output to
market-oriented
e Thoroughgoing pursuit of quality and speed
O Quality equals only added value
O Speed equals rapidness by eliminating all slowdowns

As indicated here, one feature of the JEPS
program is that it is not limited to the factory floor or
manufacturing operations alone. It also applies to the
work processes of the indirect groups that support
production activities.

4. Progress and Spread of JEPS

The trend toward large-variety, small-volume
production was accelerated at the beginning of the 1990s
along with the bursting of Japan's economic bubble. That
marked the end of the time when producers could hold
and sell large inventories of mass-produced products, as
they had been doing previously. Attention began to be
focused again on the concept of manufacturing only
products that could be sold.

Around that same time a just-in-time (JIT)
program was initiated at Nissan's former Fuji Plant, which
was the first among Nissan's plants to implement
"straight-line production” in 1994. Under that system,
efforts were made to reduce the seams represented by
lineside inventories from the standpoint of overall
optimization, from forging/casting processes to machining
and assembly. Nissan's manufacturing group began to
construct the Nissan Production Way (NPW) at that time.

Meanwhile, the former Jatco also started to
reconstruct its manufacturing system at that same time
based on the idea of thoroughly eliminating waste.
Toward that end, a JIT activity was implemented, in
addition to the previous TPM activity. In 1998, the
implementation of full-fledged "synchronized
production” was launched, and order-driven production
became the shared ideal form of manufacturing. The
name JEPS was coined, and the JEPS program was
systematically established as the guiding principle of
activities for improving manufacturing operations.

_ 14_
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Subsequently, the JEPS program was
consistently promoted amid the increase in the number
of production plants in the course of undertaking two
mergers and became Jatco's unified manufacturing
philosophy.

The JEPS program is divided into a first-phase
activity for improving the flow of things on the current
production lines, a second-phase activity for enhancing
the efficiency of indirect operations and a third-phase
activity for reducing expenses by identifying the
mechanisms giving rise to costs. At present, these three
activities are being advanced simultaneously and
effectively in an interrelated manner (Fig. 4).

As an example of the expansion of the first-
phase activity, some Jatco production lines are now
engaged in "just-in-sequence production,” representing
the most advanced level of the production system. In this
case, transmissions are produced unit-by-unit in the same
sequence as their order of installation in vehicles on the
customer's assembly lines. The customer, Jatco's
assembly lines and even suppliers are linked together by
the same production information on the vehicle assembly
lines, thereby achieving an efficient flow of things
without any waste.

This Technical Review includes another article
about "just-in-sequence production” where more detailed
information may be found.
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The production engineering group is moving
ahead with its "JEPS Planning™ activity for embodying
the JEPS philosophy in the production lines from the
stage of designing the processes and facilities for a new
product. A key point of this planning activity is to make
effective use of various types of related standards. These
include the "JEPS evaluation criteria" resulting from the
implementation of the JEPS program in production
processes and the “striking zone criteria” specified in the
procedures for carrying out priority activities. It is vitally
important that both the production engineering group
and the manufacturing group work together in this way
toward the ideal form of JEPS based on a shared vision
and shared criteria.

In November 2004, "JEPS Engineering"” was
launched by the engineering group, which refers to JEPS
as Jatco Engineering Process Solutions, to improve work
efficiency by applying the same concept as the JEPS
program of the manufacturing group.

Moreover, the know-how accumulated in the
first phase of the JEPS program has also been extended
to the supplier support activity of the procurement group.
In addition, a meeting for reporting and exchanging
information on synchronized production is held regularly
every year to which many attendees are invited from
inside and outside the company. Examples of activities
under way at Jatco Group companies are explained and
information is exchanged with the aim of advancing the
level of manufacturing throughout the entire Jatco Group

(Fig. 5).



JATCO Techical Review

No.6 (March , 2006)

gobbooooooooobobooooboogon
gogooopobobobmooooooooboobooboo
goooseo0oobbbbmooooobooboDbD
gobmoboobombooboooooboaaoboo
gobooooobooooobbooooobbogoo
gooobgo
gobboooobooomuoboomaogn
gmobomooboobobooboobbon
goooobooobooobooobbooooboo
gobboouomooooomooobooogo
goboooooboooooooooboboogoon
gobobobobobobobob
gobbooooboooooboboooooogn
gobobooooooboobooooommooomonon
gbobobobobobobobobob
OOJEPSOOOODODOODOBOIODOOOO
gomepSOOgooobobooomooooon
gbobobobobobobobobobo

5. Conclusion

As outlined here, the JEPS program is helping
to promote the fusion and progress of an efficient
manufacturing culture and has also transformed
improvement efforts on the factory floor from piecemeal
improvements to systematic improvements.

Several reasons can be given for why the JEPS
program has definitely contributed to improving
profitability and competitiveness so far.

(1) Order-driven production is shared as the ideal form
or vision of JEPS.

(2) General thinking and knowledge have been replaced
with concrete and systematic procedures and forms
for use in improving Jatco's factory floor practices
within the framework of the activities for
implementing JEPS.

(3) All factories and processes have acted in concert to
apply the same ideas and procedures based on the
structures of the JEPS program in uncovering and
working to improve many issues. This has involved
more than 500 production lines in forging/casting,
machining, assembly, logistics and other areas. The
issues addressed have included the shortening of lead
time (reduction of inventories) and the elimination of
non-value-added work.

(4) The abilities of the factory floor have been
effectively displayed, supported by everyone's
fervent enthusiasm.

Continued efforts need to be made to raise the
level of the production system further and to achieve the
ideal JEPS vision shared by everyone in forms that are
more concrete and readily visible. This is something that
must be accomplished at all plants and in all processes.

Toward that end, it is desirable to promote
JEPS through all-out, cross-functional efforts that
encompass manufacturing, maintenance, production
engineering, production control, quality assurance,
engineering and all other groups.

More detailed information about JEPS is
explained in the booklet titled "JEPS-The Jatco
Production System" that was distributed to all Jatco
Group companies in January 2005. It is hoped that
effective use will be made of the information in that
booklet to promote JEPS activities.

m (] Author =

Yasuhiro EBIHARA
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Summary A just-in-sequence production and
delivery system was implemented in December 2003 to
manufacture and deliver rear-wheel-drive 5-speed ATs in
synchronization with vehicle production at the Tochigi
Plant of Nissan Motor Co., Ltd. The system supplies
these vehicle components in the same sequence as the
order of vehicle production and was expanded in July
2004 to include 5-speed ATs for 4WD vehicles.

This system, extending across different parts
makers, was applied to powertrains for the first time in
the Nissan Group of companies. Carried out in
cooperation with Fuji Univance Corporation (now
renamed Univance Corporation) that is responsible for
the 4WD transfer case, this project has been highly
acclaimed. This article describes an example of the
application of this system.
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1. Intr oduction

1.1. Justin-sequence production and deli very system

A system for producing and delivering
component parts to a vehicle assembly plant in the same
order as the production sequence on the vehicle
assembly lines is referred to as a just-in-sequence
production and delivery system.

1.1.1. Examples of existing supply systems for vehicle
assembly lines

O Modular production system
Under this system, a supplier produces and sub-
assembles parts into larger assemblies which are
delivered to vehicle assembly lines in synchronization
with the order of vehicle production.

O Synchronized production system
Under this system, a parts plant located near vehicle
assembly lines produces and delivers parts according
to the sequence of the vehicle production plan.

O Multiple delivery system
With this system, small and medium-sized parts that
are not included in the above-mentioned systems are
delivered in separate batches several times a day (e.g.,
40 8 times daily).

With the modular, synchronized and just-in-
sequence systems, the parts involved are produced and
delivered in the quantities needed for individual vehicles
in the order of the flow of vehicles on the assembly lines.
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1.2. Aims of the just-in-se que nce system
1.2.1. Meeting the customer's needs

In recent years, automakers have tended to
make just-in-sequence delivery (i.e., delivery according
to a specified production sequence) a condition when
placing orders for parts. This condition enables
automakers to have parts such as automatic
transmissions (ATs) supplied in the exact order of
vehicle production. It improves work efficiency for
arranging parts alongside the assembly lines, reduces
unnecessary line-side inventories and also contributes to
improving quality. Having parts delivered according to
the vehicle production plan also appears to be an
intentional effort to improve the rate of observing the
production sequence by revealing the harmful
consequences that result from vehicles not being in the
right order in the painting process and other operations.
At any rate, in addition to meeting the automakers'
needs, we are also promoting this system because it
benefits both the supplier and the automaker.

1.2.2. Improvement of profitability and competitiveness

The Jatco Excellent Production System (JEPS)
synchronizes production to the receipt of firm orders and
is totally customer-oriented. The basic concept of JEPS
is to produce transmissions only in the quantities
purchased by the customer and by the specified delivery
deadlines.

By thoroughly pursuing order-driven
production, we aim to improve our profitability and
competitiveness markedly and attain the No. 1 ranking in
the world in terms of quality, delivery and cost (QDC).
One means of achieving that goal is to strengthen our
manufacturing foundations further by expanding the use
of the just-in-sequence production and delivery system
described here.

Reference:
The Nissan Production Way (NPW) embraces
the following two concepts:
O Ever-closer synchronization of production
with customer orders is the ideal.
O Endless efforts to uncover issues and
implement improvements constitute the
process of an activity until its completion.

2. Application Example

2.1. Scope of the system

The scope of the just-in-sequence production
and delivery system described here encompasses
integrated operations from parts manufacturing to
installation in the vehicle for the 5-speed AT fitted on
4WD vehicles (Fig. 1).
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2.2, Project details

Jatco's Fujinomiya Plant produces and delivers
ATs matching the vehicles assembled at Nissan's
Tochigi Plant, based on the production sequence plan.
Similarly, according to the order in which ATs are
assembled, Univance simultaneously produces and
delivers transfer cases (Fig. 2).

2.3. Project goal

Lead time was selected as the index of the
project goal. Before implementing the just-in-sequence
system, it took 89 hours to complete the process of parts
manufacturing, transmission assembly and vehicle
installation. We set a lead time goal of 56 hours,
representing a reduction of 33 hours or 37% (Fig. 3).

The following conditions were set as
prerequisites for the attainment of that goal.

2.4. Conditions for viability of just-insequence

production and delivery

2.4.1. Methods of transmitting information

The transmission of information involved the

following crucial issues (Fig. 4).

(1) A method had to be devised for linking the Tochigi
Plant's just-in-sequence production information with
Jatco's in-house system.

(2) A method had to be devised for transmitting just-in-
sequence production information from Jatco to
Univance.

2.4.2. QDC issues

The respective conditions for meeting QDC
requirements had to be identified and addressed in order
to make just-in-sequence production and delivery
feasible (Fig. 5).

As indicated in Fig. 5, only the straight-
through rate was slightly below the target. The principal
reason for that was in the seal installation process. Steps
were taken to improve cleanness and standard rules were
created for practicing and maintaining the required
measures.

® We created a linkage between Vehicles Actual Data and the
in-house production plan. At the same time, we established
equivalent communication scheme with FUJI UNIVANCE.

FUJI F
o UNW{\N pE‘E thcc:! lesm
( Parts Delvery Order (A Production Line: Traditional Production System -D
) obupy Girmfrmati .! ‘“ ponfe mati e ’
i o) 5

Data Processing Hours: 0.25 hours/person/day

Fig. 4 Flow of information
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There were also times when the test equipment
gave false judgments. As a result of a continuous
investigation, the problem was resolved by stabilizing
the ambient temperature around the test instruments and
the units being measured.

(1) Specific efforts for improving quality (Q)
1. Reduction of defective delivery rate (example of
anticontaminant measures)

The aim was to achieve a contaminant control
value of 50 ppm or less. Cross-department efforts were
promoted jointly by manufacturing, production
engineering, maintenance and inspection. In addition,
troubleshooting measures were standardized and
implemented to deal with frequently occurring procedural
mistakes and the problems were eliminated as a result.

2. Reduction of installation mistakes (example of a
measure against installation errors)

In the coupling process of the AT and transfer
case, indicator lamps were installed to indicate which
transfer case should be picked, and that eliminated the
installation mistakes. The lamps illuminate on the basis
of the specification data and ID number of each unit.

(2) Specific measures for observing delivery time and
sequence (D)

1. Improvement of rate of observing delivery time
(example of reducing equipment breakdowns)

One of the principal steps taken to strengthen
the manufacturing and maintenance systems was to train
the maintenance technicians and to improve their skills. In
addition to self-initiated maintenance procedures, 16 hours
of education were conducted per technician every month.

At the stage of analyzing Total Productive
Maintenance (TPM), a control chart was used for writing
down the items pointed out. Each item was thoroughly
followed up until the matter was settled.

2. Improvement of rate of observing delivery sequence
(example of eliminating missequencing)

A conveyor was installed to eliminate the
branching point in the automatic handling equipment in
the final inspection process. That was done to avoid
missequencing as a result of certain units getting ahead
of others in the wrong order.

In the coupling process with the transfer case, a
conveyor was installed to facilitate direct coupling.
Additionally, one hour's worth of units were stored
alongside the line to deal with fluctuations in the model mix.

In cases where several final testers are used,
missequencing can occur due to differences among the
equipment, differences in the distance from the flow of
units on the line and other factors. At present, such
missequencing is corrected in the palletizing area, and
this is an issue that we are continuing to work on.
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(3) Specific measures for improving productivity (C)

1. Improvement of installation procedures (example of
downsizing parts boxes)

Emphasis was put on line worker movement
and ease of getting parts in work areas where multiple
parts are installed. Parts shelves were made more
compact and more highly concentrated by reducing the
size of individual parts boxes (Fig. 6). As a result, the
striking zone™ and striking points™ were both
substantially improved.

*1 This refers to a working area suitable to the job. It
measures 1,370 mm laterally, 950 to 1,575 mm in
height from the floor and 615 mm in depth from the
front of a worker's body.

*2 This refers to the most suitable range for the job
within the striking zone. It measures 500 mm
laterally, 950 to 1,380 mm from the floor and 315
mm in depth from the front of a worker's body.

. Improvement of transfer case chutes (example of
reduction of number of chutes)

Previously, seven chutes were needed to
handle the transfer cases when they were delivered in
lots. After making improvements for just-in-sequence
delivery, the number of chutes was reduced to two to
match the number of assembly lines at the Fujinomiya
Plant. As a result, line-side inventories were reduced by
half (Fig. 7).

UNIVANCE Transfer Assy

Fig. 7 Improvement of transfer case supply through just-
in-sequence delivery
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2.5. Confirmation of results

The actual lead time achieved was 53 hours,
which was even better than the target of 56 hours (Fig. 8).

One qualitative result was that the lead time
for the entire group was reduced by 40%, resulting in an
improvement of overall efficiency.

As a result of implementing this just-in-
sequence production and delivery system, overall
improvements were achieved in QDC.

Additionally, as the relationship between the
customer and the supplier has become infinitely closer, it
is now possible to carry out production with a greater
sense of solidarity and vigilance (Fig. 9).

3. New Challenges

3.1. Method of evaluating the benefits of just-in-
sequence production and delivery

Lead time was selected as the index of the
effectiveness of the present project. In actuality, this
project also revealed new issues, and the steps taken to
address them further strengthened the foundations of our
operations. That made it possible to boost the potential
of the inputs of production, i.e., people, materials,
facilities and methods, that support the JEPS activity. In
order to identify clearly the benefits in terms of the
indexes of the results obtained in the areas of QDC, we
are now studying suitable calculation equations together
with Nissan's NPW Promotion Department. (as of
November 2004)

3.2, Further extension

Once the just-in-sequence production and
delivery system for the Tochigi Plant has been
completed, we plan to mount vigorous efforts during
fiscal 2005 to construct a similar system for Nissan's
Oppama Plant and Kyushu Plant, which have also
requested such a system. (as of November 2004)

3.3. Production leveling efforts

Production leveling is being promoted from
two major approaches. One involves an effort to
optimize production throughout the entire group as a
whole. This activity is aimed at minimizing changes in
upstream information concerning vehicles, assemblies
and components and in the requested production
volumes. The purpose here is to optimize the supply
chain between manufacturing and transport operations.
An effort is being made to stabilize volumes and
variations on a group-wide basis.

The other approach is an in-house effort aimed
at devising methods for reducing losses and ensuring
smooth production operations. This activity is designed
to ascertain the characteristics of the facilities used on
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each line so that they can be controlled at the scheduling
stage in order to ensure that production proceeds
smoothly. (as of November 2004)

4. Impressions

Initially, the principal objective of just-in-
sequence production and delivery placed priority on
meeting the customer's needs. There was little
recognition of the system as a means for enhancing our
own competitiveness and profitability. However, in the
course of pursuing this project, we came to realize that
the just-in-sequence production and delivery system
itself was a means of strengthening the foundations of
our operations. Moreover, as we moved to implement the
system, issues that were hindering the project were
revealed and that prompted a desire to improve the
workplace so as to remove those obstacles. Thus, a good
environment for making reforms was put in place.

We plan to extend this system beyond the
Fujinomiya Plant in the near future. Drawing upon the
experience gained in the present project, we aim to
accomplish the activity more smoothly and standardize
just-in-sequence production and delivery methods that
can be applied to any plant anywhere.

Finally, the author would like to thank
Nissan's NPW Promotion Department and the people
involved at the Tochigi Plant, at Univance Corporation
and at Jatco for their tremendous cooperation in this
project.

Kazunori SHIOYA
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Summary  With the aim of improving customer
satisfaction, activities are under way at Jatco to shorten
the periods for product development and production
preparations. Previously, mass production conditions in
heat treatment processes were examined through the
repetition of production trials. Heat treatment process
simulations are now being used to shorten the production
preparation period. These simulations are also beginning
to be applied to improve production processes after the
launch of mass production and are steadily yielding good
results. This article describes the development of heat
treatment simulations at Jatco and issues for future work.
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1. Intr oduction

We have begun developing and applying heat
treatment (HT) simulations with the aim of improving
quality, cost and delivery (QCD) performance and
shortening the production preparation period. The scope
of application of a HT simulation in the production
development and production preparation processes in
outlined in Fig. 1.
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Fig. 1 JATCO heat treatment (HT) simulation
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Major automakers, steelmakers and heavy
equipment manufacturers are now proceeding with a
project to research and develop HT simulations
substantiated by theory by a target completion date of
2010. At Jatco, we aim to begin implementing HT
simulations using technology that is usable at the present
time, without waiting for the completion of that R&D
work.

2. HT Simulations

We are applying simulations to analyze the
warping and diameter changes of final reduction gears,
the bending of pulley shafts due to the presence of
lubricating oil holes, the bending of pinion reduction
gear shafts and changes in the torsional angle of helical
gears. Dealing with these distortions is the biggest need
of our production group.

A HT simulation calculates the distortion and
structural changes that occur during a heat treatment
process. This is done by incorporating in the finite
element method (FEM) a theory for considering the
interactions among structural transformations in metals,
heat and strain, as shown in Fig. 2. Generally, FEM is
used as the analytical method in stress simulations such
as those performed with I-DEAS software. Such
interactions during a heat treatment process are referred
to as metallo-thermo-mechanics.®

At Jatco, we conduct HT simulations with
GRANTAS created by Komatsu Soft. This program
facilitates analysis of hardness, metallic structures,
cooling rates and internal stress/strain. The main reasons
for using GRANTAS are:

1. It has a record of successful use by Komatsu and an
abundance of application examples.

. Many researchers at companies and universities have
reported simulation results obtained with
GRANTAS,® making it easy to obtain data on the
parameters concerning the thermal conductivity of the
cooling medium and structural transformations during
quenching.

. It costs only one-third as much as other programs with
the same capabilities.

Figure 3 shows an example of an analysis of a
pulley performed with GRANTAS. The left side shows
the hardness distribution after the heat treatment process.
Portions with high hardness are shown in red and those
with low hardness in blue. The right side shows the
distribution of residual austenite around an oil hole. The
amount of austenite that formed increases as the color
changes from yellow to red.
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3. Application for Reduction of Production
Preparation Period

3.1. Application situation

It was shown previously that heat treatment
simulations for gears and pulleys are sufficiently
accurate with respect to surface hardness and metallic
structures. Therefore, priority was given to developing
simulations for large distortions such as overall gear
strain and warpage and the bending of gear shafts and
pulley shafts.

Simulations were developed and applied to
three existing parts--a final gear, a pinion reduction gear
and a CVT pulley. A comparison with the experimental
data revealed that rather good agreement was obtained
for the final gear and pinion reduction gear.

3.2, Heat treatment simulation for carburized gears

Figure 4 shows the model geometry and
simulation conditions for the final gear and pinion
reduction gear analyzed in the simulations. The entire
shape of the pinion reduction gear, including the helical
geometry, was modeled. However, because the final gear
required a longer simulation time, a simplified half
model was used in which a straight tooth shape was
substituted for the helical tooth shape.

The cooling conditions were set on the basis of
experimentally measured values.”” The portions with a
faster cooling rate are indicated in orange and those with
a slower cooling rate in green.

Figure 5 illustrates the locations where
measurements were made of over-ball diameter (OBD)
distortion, warpage and tooth trace change. The solid and
dashed lines indicate the shape before and after heat
treatment, respectively.

Stress and strain induced by structural changes
during quenching were controlled in the heat treatment
simulations by the coefficient of transformational
expansion and the coefficient of transformational
plasticity. Three patterns of coefficients (i.e., steel
parameters) denoted as A, B and C were used to
compare the simulation and experimental values. The
steel parameters were adjusted as noted below:

Steel parameter A: For a material having little shape
dependence

Steel parameter B: For a test piece approximately 20 mm
in diameter

Steel parameter C: For a test piece approximately 100 mm
in diameter

Figure 6 shows the results obtained for final
gear warpage and change in tooth trace of the pinion
reduction gear. Figure 7 shows the results for OBD
distortion. With respect to the size and shape of the test
gears, steel parameter C showed the least difference with
the experimental values.

In future work, it is planned to increase the
number of application examples and to determine
parameters for each part that are adapted to the part size
and shape, along with developing compensation methods
corresponding to the changes in gear tooth shapes.
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3.3. Heat treatment simulation for CVT pulley

This section explains the heat treatment
simulation developed for the CVT pulley. Figure 8
shows the model of the sheave face, ball spline groove
and park gear, and Fig. 9 compares the simulation and
experimental values for surface hardness and internal
hardness. Good agreement was obtained for both surface
and internal hardness.

Simulation procedures are now being
developed for strain and shaft bending.

@ surface experimental M inside experimental
surface simulation < inside simulation
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~ "~ ~
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2 45 - ——i
5
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Fig. 9 CVT pulley hardness
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4. Application for Improvement of Manufacturing
Process of Massproduced Parts

Because GRANTAS provides high accuracy
for cylindrically shaped parts, the program was adapted
for mass-produced parts having a cylindrical shape. An
example of an application for obtaining cost savings is
explained here.

Figure 10 shows the results of a carburizing heat
treatment simulation performed with GRANTAS to find the
change in the internal diameter of a cylindrical part having
an external diameter of 100 mm, an internal diameter of 75
mm and a height of 25 mm. The blue line is for the
simulation results and the red dots are the experimental
values. The results confirm that the simulation is
sufficiently accurate for application to actual parts.

4.1 Application of a heat treatment simulation to sun gears

Having confirmed that sufficient accuracy can
be obtained for cylindrically shaped parts, a heat
treatment simulation was used to examine a proposed
improvement to the mass production process of sun
gears. Figure 11 shows the shape of a sun gear. A
simulation was run to find the distortion and strain of the
splined tip of the gear (red portion in the photo).

The entire inner surface of the splined tip is
currently finish machined in the sun gear mass
production process. The aim of this application was to
reduce the cost by performing the heat treatment process
on the gears when they are closer to their final finished
shape. In this case, it was predicted that performing the
heat treatment on a gear shape with thinner walls would
result in greater strain. A heat treatment simulation was
performed to examine the trade-off between the amount
of wall thinning done by grinding and the amount of
strain occurring during heat treatment.

Figure 12 shows the shapes of three simulation
models and the amount of change in the sun gear diameter.
Model C represents the current gear shape. Model B is a
proposed improved shape with uniformly thinner walls at
the tip. Model A is a proposed improved shape with
different amounts of wall thinning between the tip and the
inner part of the gear. The different colors indicate
expansion and contraction relative to the center axis.
Portions experiencing large expansion are shown in red and
those experiencing large contraction are shown in blue.

For Model B, the difference in the change in
diameter of the tip's inner circumference, as indicated by
the arrows, can be observed on the screen and is larger
than that seen for the other models.

Figure 13 shows the simulation results for the
distortion of the gear tip. The amount of absolute
distortion is the least for Model C, and Model A shows
the best results with respect to roundness.

As the best heat treatment results were seen for
Model A, it is planned to adopt this improvement on a
trial basis.
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5. Future Issues

In actual manufacturing processes, workpiece
setup positions and variation in distortion from one
production lot to another are major issues for which
accurate methods of prediction are needed. The use of
thermal fluid simulations and the creation of a database
are possible ways of meeting that requirement.

5.1 Application of thermal fluid simulation to
heat treatm ent simulation

Together with an outside research institute, we
have conducted a joint test of a thermal fluid simulation
of salt quenching. The aim of the test was to apply a
simulation based on the actual conditions during batch
quenching.

Figure 14 shows a quenching simulation
model for four stacked layers of parts, and Fig. 15 shows
the thermal fluid simulation results.

This simulation assumed that molten salt at a
temperature of 20000 was circulated from below to cool
the workpieces. The light blue color indicates a
temperature of around 20000 and orange represents a
temperature of around 4000 . The simulation
temperature data are for a 1.3 s interval right after the
completion of quenching. A maximum temperature
difference of approximately 20000 occurs in the
guenching tank between the highest and lowest layers.

A method is currently being researched for
incorporating this salt temperature difference seen in the
thermal fluid simulation in a heat treatment simulation.
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5.2 Integrated database of simulation and
experimental results

A great deal of correlation work is needed in
order to improve the accuracy of heat treatment
simulations. To do that work with maximum efficiency
and apply heat treatment simulations as quickly as
possible, it is necessary to accumulate in a database (1)
simulation results, (2) data measured experimentally in
production processes and (3) correlation results.

A database is currently being built together
with the Powertrain Technology and Prototype
Development Department of Nissan Motor Company. It
is planned to share the data with all Nissan Group
companies in the future.
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6. Conclusion

Heat treatment techniques induce structural
changes in metals that are unnoticeable to the naked eye
and are difficult to understand, but simulations make such
changes easier to comprehend by visualizing them. It was
shown through this research that heat treatment simulations
are fully applicable to actual production processes within a
limited scope. In future work, we intend to improve
simulation accuracy further and develop simulation tools
that anyone can use in everyday work activities.

Finally, the author would like to thank
Nissan's Powertrain Technology and Prototype
Development Department, Jatco's Gear Engineering
Section of the Unit Production Engineering Department,
CVT Manufacturing Department and the FF A/T
Manufacturing Department No.1 for their tremendous
cooperation with this project.
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Summary  The newly developed CVT2 for use on
vehicles with a 2-liter class engine went into mass
production in September 2004. This article describes the
concept, configuration and benefits of the assembly parts
instruction system used on the CV T2 production line.
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1. Intr oduction

Local production of transmissions near vehicle
assembly plants has become an urgent issue in recent
years with respect to production efficiency. This
situation has come about due to customers' diversifying
needs and increased production volumes.

Production systems have also been changing
from setups for producing small lots of multiple varieties
to random production of individual units according to the
customer's requirements.

Traceability has become a necessity for quality
assurance purposes. Product information records must be
managed collectively for effective use in improving the
level of product quality assurance.

Moreover, the CVT2 had to be launched
smoothly and simultaneously on assembly lines at two
locations, one in Japan and the other one overseas. A
critical issue in accomplishing that was to improve the
level of quality control by being fully aware of each
other's quality information. The aim here was to
establish an assembly parts instruction system that would
facilitate immediate acquisition of the enormous
volumes of information in the quality records whenever
necessary.

This article describes the assembly parts
instruction system that was developed, implemented and
integrated with the existing in-house system through the
global Internet against the backdrop outlined here.
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Fig. 1 CVT2

2. Assembly Line Overview

Figure 1 shows a photograph of the CVT2
assembly line. The flow of the assembly processes is
shown in Fig. 2. The component parts assembled on the
sub-assembly lines are transferred to the main line and
installed in sequence to build the CVT2.

Fully assembled units undergo performance
tests at the final test stand, are prepared for shipment and
are then delivered to customers.

CONTROL VALVE
SUB ASS'Y

CLUTCH & SPROCKET
SUB ASS'Y

|[PULLEY SUB ASS'Y|

SHIPPING{ __J|FINAL TEST|{ __]|MAIN ASS'Y|{ __]|CASE SUB ASS'Y|

GEAR & HSG-CONV
SUB ASS'Y

SIDE COVER
SUB ASS'Y

Fig. 2 Flow of CVT2 assembly processes
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3. Objectives of System Implementation

3.1. Quality improvement by avoiding use of
incorrect parts and missing parts

There is usually a high percentage of
inexperienced line workers at the time production of a
new transmission is launched. Therefore, it was
necessary to have a quality assurance system that would
not depend solely on human workers. Measures had to
be taken to improve quality by preventing the use of
incorrect parts and missing parts. That was done by
giving assembly line workers highly legible information
to clearly indicate the right parts, instead of having them
confirm and judge the parts just by themselves.
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3.2. Collection of assembly quality data and records of
assembly parts production lot information

It is imperative today to improve the level of
product quality assurance through traceability based on
records of the production lot information of assembly parts.
However, collecting assembly quality data (e.g., tightening
torques, selected shim ranks, etc.) and undertaking
traceability measures would increase the workload of line
workers and could pose problems concerning the accuracy
of the collected information. Therefore, automation of such
tasks was absolutely essential.

3.3. Sharing of quality data with the overseas plant

The CVT2 assembly line in Japan and the
assembly line overseas needed to be aware of each
other's quality data in order to maintain the same level of
quality control. That was accomplished by sharing
quality data such as assembly quality data, final test data
and control valve test data.

Moreover, being able to obtain the quality data
of the overseas plant almost in real time has facilitated
timely data management, which has also contributed to
improving the quality control level.

3.4. Line input from repair process

Transmissions requiring repair are transferred
from a work base (WB) to a work table where the repair
work is done. Consequently, the information in the data
carrier (DC) attached to the individual unit and that in
the DC on the WB do not match one-to-one. That made
it necessary to create a system for managing the records
of repaired transmissions input into the line.

4. System Objectives

(1) To improve quality through the linkage between
assembly part instructions and this system.

(2) To issue just-in-sequence instructions (based on the
production plan) accurately and quickly through an
on-line connection with the plant's host computer
and transfer the information to lineside assembly
parts instruction terminals.

(3) To collect, manage and retrieve quality data and
production lot data automatically.

(4) To stabilize quality through effective use of the
increased amount of data available as a result of
sharing quality data with the overseas plant.

(5) To improve the level of product management in the
repair process.

5. System Overview

The configuration of the system is shown
schematically in Fig. 3. The system mainly consists of a
quality data collection server, a quality data collection
terminal (Fig. 4), a quality data retrieval terminal, an
assembly instruction terminal, servers for sharing data
(domestic and overseas installations), a maintenance PC
for sharing data, 12 line controllers, 4 quality data
collection controllers, and also the DCs attached to each
machine and WB as well as touch-panel programmable
terminals (PTs), an example of which is shown in Fig. 5.
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Fig. 3 Configuration of CVT2 assembly parts instruction system

Fig. 4 Quality data collection terminal
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Fig. 5 Example of touch-panel monitor screen
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5.1, Transmission of production instruction information

The plant's host computer and the parts
instruction terminal of the system are connected on-line
to enable transmission of production instruction
information at regular intervals. Upon receiving
production instruction information, the parts instruction
terminal processes it and generates the setup instructions
and assembly parts data for the units of each car model.

Each line controller obtains the assembly parts
data for each transmission from the parts instruction
terminal and generates production instructions by writing
that information to the DC of each WB according to the
production status.

5.2, Transmission of assembly instruction information

Assembly instruction information is
transmitted automatically from the assembly parts
instruction terminal to each line controller. Each line
controller is composed of eight DC write stations (DC
write ST) that perform the data write operations.

The lamps (picking sensors) that are attached
to the feed chutes and indicate the parts to be installed
are illuminated based on the parts information in a DC.
An illuminated lamp indicates to a line worker which
part is to be installed. If a worker fails to install a
required part or picks a part other than the instructed
one, an alarm sounds and the WB stopper does not
descend. The number of times each picking sensor
should illuminate and the order of illumination can be set
from the PT, making it possible to illuminate the sensors
according to the sequence of the parts to be installed.

A voice announcement is made when switching
from the units for one car model to those of another
model, so as to encourage the line workers to be careful.

5.3. Automatic collection, management and retrieval
of quality data and production lot information
Production lot information is managed in two
ways. Line workers use barcode readers to scan the
production lot barcodes affixed to all major components,
whether manufactured in-house or procured from
suppliers. The two-dimensional codes stamped on parts
are read automatically by the assembly line equipment.
The assembly quality data obtained from each
machine are written to its DC, and the data are collected
and processed by the quality data collection controller.
The data are automatically stored on the quality data
collection server to create a database, making it easy to
retrieve and output data files.

5.4. Sharing of quality data with the overseas plant

Servers for sharing quality data have been
installed both domestically and overseas. Each server
extracts the data newly transmitted from the assembly
quality data server, final test data server and control
valve test data server since the completion of the
previous data transmission and exchanges the new data
with the other server at fixed times. This arrangement
enables the domestic and overseas assembly lines to
share quality data.
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5.5. Installation of a repair process input station
A dedicated input station was installed for the
repair process. A barcode reader reads the car model
information, and assembly instruction information is
written to a DC, just as is done on the main line. This now
makes it possible to manage repair process input records.

6. Benefits of System Implementation

6.1. Prevention of installation of wrong parts
and missing parts

A picking sensor is installed at each parts
supply chute at manual assembly stations. The sensors
illuminate the set number of times and in the specified
sequence. An audile alert is given when switching
between units for different car models, and workers
confirm the change by pushing a button. These measures
enable workers to install the right parts without being
actively conscious of the sequence, which reduces their
mental workload.

6.2. Automatic collection and management of
quality data and production lot inform ati on

The quality data of each transmission are
recorded and compiled automatically, thereby reducing
the man-hours required.

Production lot information is managed by the
two methods explained earlier, which reduce the
workload and improve accuracy.

If the quality trends for assembly parts vary, it is
possible to pinpoint accurately the production lot concerned
via the quality data retrieval terminal. That ability shortens
the lead time needed to analyze the problem.

6.3. Sharing of quality data with the overseas plant

The sharing of quality data and assembly parts
production lot data with the overseas plant enabled the
plant to conduct various analyses at the time the CVT2
assembly line was launched, using the quality data stored
on its data server. That worked to improve the quality
control level.

7. Conclusion

The newly implemented assembly parts
instruction system makes it possible to store, manage
and share enormous volumes of quality control data
automatically, thereby ensuring good traceability.

In future work, we want to build a system for
automatically analyzing quality data and reflecting the
results in product quality improvements.

4B

Manabu SATO  Hiroshi GOTO
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Control of Compressive Residual Stress in the Machined Surface Layer using a New Tool for a Combined Cutting-Burnishing Process
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Summary A new tool, called the compressive
residual stress generating (CRSG) cutter, has been
developed for inducing compressive residual stressin the
machined surface layer concurrently with the milling
process. It is expected to improve mechanical properties
such as fatigue life. An investigation was made of the
possibility of controlling the residua stress state induced
by the CRSG cutter in the machined surface layer by
varying the machining conditions. It was found that the
machining conditions set for the CRSG cutter can
control the amount of plastic deformation. The cross-
feed width can change the plastic deformation of the
machined surface, which is akey factor in controlling the
residual stress generated in the surface layer.
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1. Intr oduction

Residual stress induced in the machined
surface layer of workpieces by metalcutting processes
generally becomes tensile residual stress. When a crack
occurs in a machined surface, such tensile residual stress
acts to propagate the crack, thereby causing the fatigue
strength of the product to decline.

Structural components of the main wings of
aircraft and the drive parts of automotive transmissions
require high fatigue strength because of their usage
conditions. Following machining, such parts are
subjected to shot peening to give the machined surface
layer the necessary level of compressive residual stress.
Shot peening is a process in which small cast-steel
spherical particles are bombarded against a workpiece at
high speed. By applying a high level of force to the
machined surface greater than the yield point, the shot
induces plastic deformation that stretches the surface
layer. As a result, a high level of compressive residual
stress is generated by the force of the layers below the
plastic deformation.
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Contrary to tensile residual stress, compressive
residual stress induced in the machined surface layer
does not act to propagate a crack that occurs in the
surface and thus works to improve the fatigue strength of
products. Moreover, this effect can make it possible to
lighten the weight of parts. However, shot peening has
the disadvantages that (1) it is not very efficient because
it is performed as a secondary process following
machining and (2) it is difficult to maintain product
accuracy.

Apart from shot peening, another method of
imparting compressive residual stress to the surface layer
of machined workpieces is to use a special burnishing
tool. While many studies have been conducted
concerning burnishing tools and process conditions,®®
the workpiece shapes that current burnishing tools are
able to accommodate are greatly limited compared with
shot peening. Furthermore, like shot peening, burnishing
is done as a secondary process following machining, so
it is not very efficient. It is also known that turning and
fixed-wheel grinding within a certain range of conditions
can also induce compressive residual stress in the
machined surface layer following machining. Although
these processes have been researched,”® they have not
reached the point where a controlled level of
compressive residual stress can be applied stably.

Accordingly, in this study, a tool was
developed that can stably induce compressive residual
stress in the surface layer concurrently with the milling
process.”® If compressive residual stress can be
generated in the machined surface layer as machining
proceeds, it will improve machining efficiency by
eliminating the need to carry out a secondary process
later specifically for that purpose. What is more, it can
create high added value unobtainable with an ordinary
machining process, such as a reduction of the weight of
components as mentioned earlier.

Experiments were conducted to develop a
rotating tool capable of inducing compressive residual
stress in the machined surface layer by providing the tool
with a projection that is actively pressed against the
workpiece surface to flatten it. Tests were then carried
out to investigate the relationship between the
fundamental tool characteristics and process conditions
and the compressive residual stress induced in the
machined surface layer. As a result, it was found that the
newly developed tool is capable of inducing compressive
residual stress in the machined surface layer
concurrently with the milling process, something that
cannot be accomplished in ordinary machining
operations. It was also observed that the compressive
residual stress induced in the machined surface layer can
be controlled by varying the cross-feed width. This
article describes in detail the results of this study.
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Fig. 2 Mechanism of the machining process with the
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2. Compressive Residual Stress Generating Cutter

Photographs of the compressive residual stress
generating (CRSG) cutter developed in this work are given
in Fig. 1. This tool was developed by modifying a
commercial high-speed steel end mill. The tool is 6 mm in
diameter and 70 mm in length and has with three cutting
blades. A projection pin provided in the center of the
bottom blade serves to flatten the machined surface. The
pin is made of a hardened alloy and its tip is spherical in
shape with a radius of 3 mm. Neither the cutting edges nor
the pin is coated. The pin projects 0.1 mm outward from the
bottom blade and is secured by a hexagonal screw provided
in the side of the tool.

The configuration of the machining process
performed with this tool is shown in Fig. 2. The cutting
edges first remove the surface layer of the workpiece to any
desired depth. Simultaneously, following the removal of the
surface layer, the projection pin in the center of the bottom
blade presses against and flattens the machined surface as a
result of rotating and feeding the workpiece. The flattened
machined surface undergoes plastic flow and is stretched
beyond its original state. The layers below the stretched
machined surface exert force on the surface layer to return it
to its original state. That force becomes compressive
residual stress that acts on the machined surface layer.

3. Basic Characteristics of CRSG Cutter

The test material used in the experiments was a
rolled aluminum alloy (7075-T651) that was easy to
machine, possessed high ductility and facilitated an easy
evaluation of the basic characteristics of the CRSG cutter.
This material has exceptionally high tensile strength of
570 MPa. The designation "T651" indicates a heat-treated
condition. After the material undergoes a solution heat
treatment, residual stress is reduced by performing a
stretching process to apply permanent strain between
1.5% and 3%. It further indicates that the material has
undergone a process of artificial aging and curing.
Accordingly, the test material was not in an annealed
state. As a result, the raw material itself unavoidably
possessed some residual stress prior to the machining
experiments. However, preliminary tests confirmed that
such stress had virtually no effect on the compressed
residual stress induced in the workpiece surface layer by
the proposed CRSG cutter following machining.

The test workpiece was a flat plate 150 mm
long, 90 mm wide and 6 mm thick. It was secured in a
table-shaped jig by means of four clamps. The machining
process was basically comparable to flat-face machining
with an end mill. Cross-feed machining was performed
perpendicular to the rolled direction of the material.
Cross-feed machining refers to a machining process
performed on a three-dimensional shape or a flat surface
with an end mill having a spherical tip, as in the case of
die/mold machining. A wide surface is machined in the
process of moving the tool in tiny increments in the feed
direction and perpendicular to the workpiece.
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The tool axis was kept perpendicular to the
workpiece surface at all times during the machining
process. The residual stress generated in the machined
surface layer was measured in the feed direction and in
the cross-feed direction with a micro-area x-ray stress
analyzer equipped with a position sensitive proportional
counter (PSPC).

Figure 3 shows typical distributions of the
compressive residual stress induced in the machined
surface layer of a test workpiece when machined with
the newly developed CRSG cutter. Positive data plots in
the figure indicate tensile residual stress and negative
data plots are compressive residual stress. The
distribution of residual stress applied by shot peening is
also shown in the figure for comparison. The shot
peening conditions used were a No. 230 shot size (shot
diameter of 0.500 1.0 mm), shot material of cast steel,
shot hardness of 450 52 HRC, peening intensity of
0.006" A (0.1524 mm) and coverage of 100%.

From the results in Fig. 3, it is clear that the
CRSG cutter induced compressive residual stress in the
machined surface layer. The place of the greatest
compression was at a depth of approximately 0.05 mm
from the surface, rather than at the machined surface. At
greater depths, compressive residual stress gradually
decreased and changed to tensile residual stress at a
depth of around 0.5 mm. The results indicate that
compressive residual stress of approximately -15000 -200
MPa, with peaks of about -30000 350 MPa, can be
generated in the machined surface layer with the
proposed tool. Such stress levels are ordinarily never
produced by a conventional machining process alone.
The high levels of compressive residual stress are
presumably due to the force of the subsurface layers
acting to return the machined surface to its original state,
as a result of the surface layer having been flatted by the
projection pin.

A comparison of the results with those for shot
peening indicates that the distributions of compressive
residual stress show similar tendencies. The maximum
compressive stress occurred at a subsurface position, and
not on the machined surface; the compression gradually
decreased with increasing depth from that position. The
peak compressive residual stress induced by the two
processes was also nearly the same. However, the
location of peak compression and the position at which
compressive residual stress changed to tensile residual
stress differed between the two processes. The stress
distribution for the CRSG cutter shows a peak at a
position closer to the surface and the presence of
compressive residual stress at greater depths.

It has been reported that large compressive
residual stress induced at a position closer to the surface
and a lower level of tensile residual stress in the interior
are effective in extending fatigue life.®® Accordingly, it
is thought that the compressive residual stress induced
by the CRSG cutter coincident with the machining
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process may be more effective in this regard than that
generated by shot peening.

The condition of the machined surface
obtained with the CRSG cutter is shown in Fig. 4(a) and
that of the machined surface following shot peening is
shown in Fig. 4(b) for comparison. The flattening marks
left by the pin are visible in Fig. 4(a), and the distinctive
mat finish produced by shot peening can be seen in Fig.
4(b). The pitch of the flattening marks in Fig. 4(a)
coincides with the amount of pin movement per
revolution of the CRSG cutter. It was confirmed that tool
axis deflection of around 100 20 g m occurred in the
machining experiments. The machined surface condition
seen in the figure was produced as a result of the surface
being flattened by the rotating pin tip subjected to that
amount of deflection.

Figure 5 compares the machined surface
roughness resulting from shot peening and machining
with the CRSG cutter. In the shot peening process, the
average surface roughness (Ra) was 3.1 gy m, whereas
with the CRSG cutter it was less than 0.8 p m,
indicating that a better surface finish was obtained
compared with shot peening. It is known that machined
surface roughness has a substantial effect on fatigue
strength, which can be reduced by poor surface quality.
In the case of shot peening, the deep pits produced by the
shot particles cause machined surface roughness to
deteriorate, as seen in Fig. 4(b), but the compressive
residual stress of the machined surface layer that works
to offset that deterioration has the effect of improving
fatigue strength. In contrast, the CRSG cutter achieves a
level of surface roughness equal to or better than that of
conventional metalcutting processes, while
simultaneously inducing high compressive residual
stress in the machined surface layer.

4. Study of the Controllability of Compressive Residual Stress

The evaluation of the basic characteristics of
the CRSG cutter in the foregoing section showed that,

Shot peening conditions
Shot size: 230 (0.5~1.0 mm)
Shot: Cast steel

Intensity: 0.006” A
Coverage: 100%

MW Feed direction
O Pick feed direction

1

Developed tool

Surface roughness Ra(um)

Shot peening
Fig. 5 Comparison of surface roughness
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concurrently with the milling operation, it induces in the
machined surface layer a level of compressive residual
stress unobtainable with an ordinary metalcutting
process. An investigation was then made of the
relationship between the compressive residual stress
generated in the machined surface layer and the cross-
feed width, which is thought to exert the greatest
influence on the plastic flow regime of the machined
surface. That was done to examine the controllability of
the compressive residual stress induced in the machined
surface layer by the CRSG cutter.

Figure 6 shows the compressive residual stress
in the machined surface layer as a function of the cross-
feed width. Except for this parameter, all the other
machining conditions were the same as those given in
Table 1. As is seen in Fig. 6, the proposed tool generated
compressive residual stress in the machined surface layer
under all the cross-feed conditions used here. The level
of that stress is unobtainable with a conventional
machining process. While these results are the same as
those of the machining experiments described in the
previous section, they indicate that large compressive
residual stress tended to be generated in the cross-feed
direction. The reason for that can be understood as
follows. As the pin passes, it pushes material to its right
and left sides. Because the pin passes again through a
position that differs by an amount equal to the cross-feed
width, the amount of material stretched in the cross-feed
direction is presumably greater than that in the feed
direction. This way of thinking makes it easy to
understand the reason why compressive residual stress in
the machined surface layer increases with a smaller
cross-feed width, as seen in Fig. 6.

Figure 7 shows profiles of the compressive
residual stress in the machined surface layer as a
function of the cross-feed width. It is clear from these
results that not only the compressive residual stress at
the surface but also that in the interior differed
substantially depending on the cross-feed width. With a
cross-feed width of 0.9 mm or 1.5 mm, the position of
the peak compressive residual stress was very shallow at
around 0.025 mm from the surface, and a rapid transition
to tensile residual stress is observed in the layers below
that depth. Additionally, the compressive residual stress
generated in these cases was much smaller than that seen
for a cross-feed width of 0.3 mm.

Table 1 Cutting conditions

Spindle speed min' 10000
Feed per tooth mm/tooth 0.1
Axial depth of cut mm 0.3
Cross feed mm 0.3
Cutting {Tuid Cutting oil
Coating None
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(a) Cross-feed width=0.3 mm

(b) Cross-feed width=0.9mm

On the other hand, for the smallest cross-feed
width of 0.3 mm, the position of the peak compressive
residual stress was around 0.1 mm from the surface,
which was comparatively deeper than for the other
conditions. Moreover, the stress level was also extremely
large at more than 500 MPa. As these results indicate,
the compressive residual stress profile changed
significantly depending on the cross-feed width. With a
large cross-feed width, the level of compressive residual
stress generated in the machined surface layer decreased
and the position of the peak stress was at a very shallow
depth close to the surface.

Figure 8 shows photomicrographs of the
machined surface for three different cross-feed depths.
With the smallest cross-feed width of 0.3 mm, the entire
machined surface shows evidence of being flatted by the
pin in every pass corresponding to the cross-feed width.
In contrast, with the larger cross-feed widths of 0.9 mm
and 1.5 mm, the machined surfaces show an alternating
pattern of flattening and cutting by the cutting edges.
The larger cross-feed width increased the cross-sectional
area of the groove shape flattened by the pin in one pass.
As a result, the portions pushed up on the sides were cut
by the cutting edges, which would account for this
alternating pattern.

These results thus showed that, within the
range of conditions used in the machining experiments,
it was possible to induce greater compressive residual
stress in the machined surface layer as a result of
stretching the surface further by more closely flattening
the surface with the pin. Another feature of the proposed
tool is that the geometrical condition of the machined
surface hardly changes in this case.

Cut portion

Compression portion

{(c) Cross-feed width=1.5 mm

Fig. 8 Photomicrographs of machined surface
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5. Conclusion

A study was made of the basic characteristics
and controllability of the compressive residual stress
induced in the machined surface layer by a newly
developed compressive residual stress generating
(CRSG) cutter. The results made the following points
clear.

(1) The use of the CRSG cutter induces compressive
residual stress in the machined surface layer
concurrently with machining and while obtaining
excellent surface properties. This capability
improves the fatigue strength of parts through a
metalcutting process alone and offers the possibility
of being able to lighten the weight of parts as a
result.

(2) The compressive residual stress induced in the
machined surface layer can be controlled by varying
the cross-feed width so as to change the amount of
flattening and stretching of the surface. The
compressive residual stress induced in the machined
surface layer increases with a small cross-feed width
and decreases with a large cross-feed width.
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terms of pitting durability and wear resistance is an
important issue in increasing the torque capacity of
automatic transmissions. In this study, we established an
optimum carbo-nitriding process and developed a new
steel well suited to this surface-hardening method,
thereby making it possible to eliminate the molybdenum
disulfide coating previously applied to increase tooth
surface strength.
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1. Intr oduction

There have been increasing demands in recent
years to downsize and lighten automotive transmission
gears with the aim of increasing engine output and
improving fuel economy. These trends have resulted in
more severe loads being applied to transmission gears.
When tooth surfaces experience pitting, wear, scoring
and other forms of damage, it not only affects the
durability of gear strength, it also results in greater gear
noise (Fig. 1). The results of previous research
conducted by the authors have made it clear that the
application of a special heat treatment such as
carbonitriding or a solid lubrication film typified by
molybdenum disulfide is effective in improving tooth
surface strength and durability.®

The present study focused on carbonitriding as
an approach to the development of higher-strength gears
at lower cost. A new steel was developed that is capable
of bringing out the maximum effects of this surface-
hardening process. It was confirmed that the use of the
newly developed steel and a well-matched heat treatment
method is effective in improving wear resistance and
pitting life. Additionally, it was confirmed that there are
no problems with respect to tooth root strength, gear
machineability and other attributes. As a result, a
substitute technology for the costly molybdenum
disulfide coating process has been established, making it
possible to achieve cost savings. This article describes
the details of this new technology.

5 000
Experiment Department
6) ODOFRA/TOO
FR A/T Manufacturing Department No.1
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2. Gear Damage

Types of gear damage can be divided between
tooth root breakage and tooth surface degradation. Tooth
root strength has been dramatically improved by
increasing fatigue strength through shot peening and by
enhancing impact strength through the reduction of
impurities in steel (e.g., lower levels of P and S) and the
addition of elements such as Mo.? Accordingly, the key
point for gear durability is tooth surface degradation,
rather than tooth root strength. In accelerated durability
tests of actual transmissions conducted under high load
conditions, the authors have observed that tooth surface
damage due to wear or pitting occurs before tooth root
breakage (Fig. 2).

Under the severe environment in which
transmission gears are used, it is said that the tooth
surface temperature can rise to around the tempering
temperature of the steel, even if the tooth surface is
properly lubricated.®” Many researchers have reported
that tooth surface strength correlates well with hardness
following tempering at 573K.® The results of previous
studies conducted by the authors have made it clear that
carbonitriding and the application of a solid lubrication
film typified by molybdenum disulfide are effective in
improving tooth surface strength.” An expensive
molybdenum disulfide coating process has been adopted
for some gears.

However, the environment surrounding
automatic transmissions necessitates the development of
high-strength gears at low cost. Attention was focused
on a carbonitriding process that would facilitate gear
manufacturing with minimal changes to the equipment
already being used for carburizing. Efforts were
undertaken to develop a new steel that would attain tooth
surface strength equal to or greater than that achieved
with a molybdenum disulfide coating.

3. Experimental Procedure

3.1. Test steels

Based on the knowledge® that the addition of
Si or Mo is effective in inhibiting the softening of steel
due to tempering (Fig. 3), four test steels were prepared,
using JIS SCR420H as the baseline material (Table 1).
Steel A was an existing high-strength gear steel with a
reduced Si content to suppress the surface distorted layer
and the addition of Mo for increased toughness. Steels B
and C had (1) a higher Si content for improved resistance
to softening induced by tempering, (2) the addition of
Mo to secure tooth root toughness, and (3) a reduced Mn
content for improved quenchability.
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Table 2 Test gear dimensions

- Tooth root fatigue
Pitting : !
Dimension & impact fatigue

Drive | Driven Drive | Driven

Module 3.87 1.5

Pressure angle

(deg)
Helix angle

(deg)
Number of teeth

17.5 17.5

34

21 33 41

Standard pitch
circle dia. (mm)
Tooth width
(mm)

84.1 59.7 74.2

10
(16)

() : for impact fatigue

22
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Table 1 Chemical composition of steels used (mass%)

C Si Mn Cr Mo

JIS SCR420H| 0.21 0.27 0.89 1.23 Tr.
Steel A 0.20 0.05 0.85 1.08 0.41
Steel B 0.18 0.46 0.30 1.45 0.44
Steel C 0.18 0.72 0.30 1.43 0.44

3.2. Heat treatment and shot peening conditions

The heat treatment conditions were
carburizing, carbonitriding and diffusion at 1173K and
oil quenching from 1113K. In the carbonitriding process,
the NHs concentration and introduction time in the
furnace were changed to vary the amount of nitrogen
that diffused into the surface. Tempering was then
performed at 443K, followed by shot peening using an
air nozzle type of shot peening machine. The projection
conditions were a shot diameter of 0.6 mm (700 HV),
blasting pressure of 0.2 MPa, arc height of 0.9 mmA and
peening coverage of at least 300%. In order to
investigate the relationship between hardness and the
amount of nitrogen diffused into the surface by the
carburizing and carbonitriding processes, chip samples
10 mm in diameter and to a depth of 50 y m from the
surface were taken from the SCR420H and steel C
specimens. The amount of nitrogen diffused into the
surface was measured by wet chemical analysis.

3.3. Gear tests

Helical gears with a module of 3.87 were used
in conducting tests of tooth surface strength (Table 2).
Rough gears were formed from steel rods 80 mm in
diameter by hot forging and normalizing processes,
followed by machining. The aforementioned carburizing
or carbonitriding and shot peening processes were then
performed, and the tooth surfaces were ground using a
screw-shaped grinding wheel. Honing was also done
using an inner gear honing wheel to finish the test gears
to the JIS 0 grade.

A power circulating gear testing machine was
used to conduct durability tests at an input torque of
274.4 Nm. In order to assess pitting life, the testing
machine was stopped at suitable durability cycle
intervals, and the number of durability cycles at which
the pitted area reached 1 mm? per tooth was used as the
pitting life criterion.

Gears having the specifications shown in
Table 2 were used in conducting tests to investigate
tooth root fatigue strength and impact fatigue strength.
The carbonitriding and shot peening processes
performed in manufacturing these test gears were the
same as for the gears used in the above-mentioned tooth
surface strength tests. A power circulating gear testing
machine and a drop impact gear testing machine were
used in each test. The number of cycles to tooth root
breakage of the drive gear was used as the life criterion.
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3.4. Gear machineability

When selecting a steel material for application
to automatic transmission gears, the assurance of
workability in the forging and machining processes is
another important consideration. Silicon in particular is
an element that strengthens the ferrite phase of steel.
Because it increases yield strength and deformation
resistance, there is concern that the service life of cold
forging dies may be shortened. For that reason,
spheroidized and normalized test pieces 20 mm in
diameter by 30 mm in length were compressively
deformed at room temperature and their deformation
resistance was measured. Hardness after normalizing
was also investigated as an index of machineability.

4, Evaluation Results and Discussion

4.1, Measurement of nitrogen content using
round bar specimens

Figure 4 shows the relationship between
surface hardness and the nitrogen content of the surface
layer for carburized, carbonitrided and shot-peened
SCR420H and steel C specimens and for the same
materials following tempering at 573K. All of the data
plots are for a depth of 50 y m from the surface.

No difference in hardness is seen after shot
peening for the carburized specimens, as carburizing
imparted almost no nitrogen content to the specimens.
However, steel C was less susceptible to softening
following tempering at 573K. This suggests that the Si
and Mo elements contained in steel C worked to inhibit
softening.

When the nitrogen content was increased to
around 0.5 mass%, it is seen that softening due to
tempering at 573K was suppressed for both SCR420H
and steel C, as their hardness after tempering increased
substantially. The reason for that can be understood as
follows in relation to the x-ray diffraction patterns of the
carbonitrided layer shown in Fig. 5 before and after
tempering. The supersaturated nitrogen solid solution
present in the structure precipitated as y '-FesaN, which
acted as micro-particles to increases the hardness. When
iron-nitrogen compounds precipitate, the precipitate
density increases due to the promotion of nuclei
formation by stress,® so carbonitriding has been seen in
recent years as an effective heat treatment process for
coping with the increased tooth surface loads.
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(a) carbo-nitriding and (b) tempering at 573K

When the nitrogen content was increased
further to 0.8 mass%, the increase in hardness after
tempering at 573K leveled off for both SCR420H and
steel C. That is attributed to the development in the
surface layer of an incompletely quenched structure,
presumably the bainite phase which will be discussed
later.” In addition to that, there is the concern that voids
may develop if the nitrogen content in the steel increases
further.® Accordingly, a nitrogen content of around 0.5
mass% is thought to be suitable for inhibiting the
softening effect induced by tempering at 573K.
Therefore, this nitrogen content was used in all of the
carbonitriding conditions mentioned in the following
discussion.

On the other hand, with a nitrogen content of
around 0.5 mass%, a decline in hardness was seen for the
carbonitrided (tempered at 443K) and shot-peened
SCR420H specimens. One presumable reason for that is
because the surface layer became an incompletely
quenched structure. (In the SEM micrograph of
SCR420H in Fig. 6, the grain boundaries correspond to
the net-like, deeply etched portions.) During
carbonitriding, CrN mainly precipitated at former y
grain boundaries and quenchability declined
accompanying a decrease in the quantity of Cr solid
solution in the austenite. Another reason is that the
retained austenite increased on account of the increased
nitrogen content (Fig. 7). These results indicate that,
while carbonitriding is effective in improving gear
strength, including tooth root fatigue strength, it is
indispensable to add greater quantities of Cr and Mo to
the steel when using this process.
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4.2, Tooth surface strength tests

Figure 8 shows the results of tooth surface
strength tests conducted with the power circulating gear
testing machine. The results indicate that changing from
carburizing to carbonitriding improved the pitting life of
the SCR420H gear by as much as 44%.

Among the carbonitrided gears, no
improvement in pitting life is seen for steel A in
comparison with SCR402H. However, the pitting life of
gears made of steels B and C, containing more Si, was
15% and 23% longer, respectively, than that of the
carburized SCR420H gear.

The foregoing results indicated that optimizing
the nitrogen content in the carbonitriding process had the
greatest effect on improving pitting life. Furthermore,
the use of steel C with a higher Si content extended the
pitting life by approximately 70% compared with the
carburized SCR402H gear.

The graph in Fig. 9 shows gear pitting life as a
function of tooth surface hardness after tempering at
573K. It was reported®” previously that a positive
correlation was clearly seen between gear pitting life and
hardness following tempering at 573K, and the results of
these tests once again demonstrated that relationship.
Because the gear with the best pitting resistance showed
the highest level of hardness following tempering at
573K, it can be surmised that it would also have
outstanding wear resistance.

1000
’ig‘ Sl]eel C+CNQT
o -
5 3 SCR420H+CNQT
< |
= +
T 60 | | Steel B+CNQT
& Steel A*CNQT
w400 | /
5 SCR420H+CQT
a 200 |
[
S
0
500 600 700 800 900

Hardness after tempering at 573K (HV)

Fig. 9 Relationship between gear pitting life and
hardness after tempering at 573K
(CQT: carburizing, CNQT: carbo-nitriding)
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4.3. Gear machineability

Attention is focused next on deformation
resistance, which has a large impact on cold forgeability.
It is seen in Fig. 10 that increasing the Si content from
the 0.3 mass% level of SCR402H to 0.5 mass% (steel B)
did not appreciably affect the machining load in terms of
deformation resistance. However, the machining load
rose substantially when the Si content was increased to
0.7 mass% (steel C). On the other hand, the gear made of
carbonitrided steel B, with the Si content increased to 0.5
mass%, showed significant improvements in both pitting
life and hardness following tempering at 473K (Figs. 8
and 9). Therefore, considering both the cold forgeability
of gears and tooth surface strength, steel B containing
0.5 mass% Si was selected as a steel for making
automatic transmission gears featuring excellent wear
resistance and pitting life.

Figure 11 shows the results for hardness after
normalizing, which was selected as the index of gear
machineability. By optimizing the cooling rate in the
normalizing process, among other measures,
development of the bainite structure was inhibited,
making it possible to obtain hardness on a par with that
of SCR402H.

4.4. Other gear properties

Figures 12 and 13 show the results of tooth
root bending fatigue tests and impact fatigue tests
conducted on gears made of steel B that was selected for
its superior tooth face strength. The carbonitrided gears
tended to show both lower tooth root bending fatigue
strength and lower impact fatigue strength compared
with the carburized gears. However, the gears made of
steel B and subjected to carbonitriding overcame that
declining tendency and displayed 5% higher tooth root
bending fatigue strength and 19% higher impact fatigue
strength than the carburized SCR402H gears. That is
attributed to the following reasons. Steel B with higher
Cr and Mo contents than the carbonitrided SCR402H
was able to avoid incomplete quenching. As a result, the
tooth root surface hardness of the steel B gears after shot
peening was higher than that of the carbonitrided
SCR420H gears (879 HV vs. 859 HV). Additionally, the
carbonitrided steel B gears had lower levels of P and S
elements, impurities that tend to make grain boundaries
brittle.
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5. Confirmation of Effects in Transmission Tests

5.1. Results of transmission dur ability test

Previously, a molybdenum disulfide coating
has been applied to the output gear (made of
carbonitrided SCR420H) on the drive side and to the
idler gear on the driven side in order to maximize the
running-in effect. In the transmission used in the
durability test, carbonitrided steel B was applied only to
the output gear and the molybdenum disulfide coating
was omitted. The test was conducted at an input torque
of 320 Nm and a constant gear ratio. The results are
shown in Figs. 14 and 15. The carbonitrided steel B gear
displayed nearly the same level of tooth surface wear
and pitting life as the gear made of SCR420H and coated
with molybdenum disulfide.

1500

1000

4

Pitting life (x10 cycles)

500 |

Steel B JIS SCR420H

+Carbo-nitriding +Carbo-nitriding
+Molybdenum disulfide

coating

Fig. 15 Results of automatic transmission endurance
pitting life test
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5.2. Application to production transmissions
Figure 16 shows a cross-sectional view of an
automatic transmission with an engine torque capacity of
320 Nm and incorporating the above-mentioned
technology. In the past, a molybdenum disulfide coating
was applied to both the output gear and the idler gear. By
applying a carbonitrided steel equivalent to steel B to the
output gear, virtually the same levels of wear and pitting
life have been attained. In addition, substantial cost
savings have also been achieved by discontinuing the
molybdenum disulfide coating on both gears.

6. Conclusion

Premised on the application of carbonitriding,
a new steel was developed with the aim of improving the
tooth face strength of automatic transmission gears. The
following results were obtained in this work.

(1) A carbonitriding process that diffuses nitrogen of
around 0.5 mass% into the surface layer of steel
was shown to be effective in increasing tooth
surface hardness after tempering at 573K.

(2) A gear made of steel C with a higher Si content
and subjected to carbonitriding extended the
pitting life by approximately 70% compared with
a gear made of carburized SCR420H.

(3) Steel B with its Si content kept to 0.5 mass% in
consideration of gear cold forgeability was
selected as a high-strength gear steel. The results
of durability tests conducted on actual
transmissions showed that the wear resistance and
pitting life obtained with this steel were virtually
equal to that of gears made of carbonitrided
SCR402H and coated with molybdenum disulfide.

The application of this steel to the output gear
of production transmissions has made it possible to
discontinue the molybdenum disulfide coating
previously applied to both the output gear and idler gear,
thereby resulting in substantial cost savings.
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Summary  The toroidal CVT made its appearance in
1999 as a future-oriented transmission capable of both
reducing fuel consumption and improving driving
performance. Development efforts have been continuing
since then to make its superior features stand out even more.
This article describes an example of a measure taken to
improve the functionality and customer appeal of toroidal
CVTs (T-CVTs) by reducing the axial loading force
between the disks and power rollers. That was accomplished
by improving the evaluation method for ensuring traction as
a result of applying an improved measurement technique.
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1. Intr oduction

Interest in continuously variable transmissions
(CVTs) as a technology for reducing fuel consumption
has been continually rising in recent years owing to
heightened awareness of environmental concerns. The
fuel-saving effect of T-CVTs, compared with
conventional stepped ATs, is especially pronounced at
low to intermediate driving speeds. However, there is
still room for further improvement in the high-speed,
high-load range.

In order to improve efficiency further under a
high-load operating condition, it is important to maintain
the axial loading force between the disks and power
rollers at the minimum necessary level in relation to the
torque transmitted. That makes it necessary to determine
the minimum axial loading force needed under various
driving conditions.

This article describes how the axial loading
force is kept at the minimum necessary level through the
use of an improved measurement technique.

2. Evaluation Method for Ensuring Traction

2.1. Explanation of traction coe fficent

The variator of a T-CVT transmits torque by
the shearing force of the fluid film squeezed between the
disks and power rollers (Fig. 1). This force is referred to
as traction force.

As shown in Fig. 2, the ratio of the axial
loading force between the disks and power rollers to the
traction force is called the traction coefficient y .
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The traction coefficient is substantially
influenced by the temperature of the fluid film at the
point of disk-power roller contact, contact pressure and
circumferential velocity (Fig. 3). When traction force
exceeding the transmission capacity is input, gross slip
occurs and the unit is unable to transmit power.

The most reliable method for preventing gross
slip is to increase the axial loading force sufficiently.
However, that reduces the CVT's transmission efficiency
and also degrades durability due to the increased contact
pressure. As shown in Fig. 4, the power roller rotational
speed leading to the end of service life is inversely
proportional to the ninth power of the contact pressure.®”
Accordingly, a key point for enhancing the appeal of T-
CVTs is to control the excess ratio of the axial loading
force (i.e., actually generated loading force/loading force
needed to ensure traction) with high accuracy and reduce
the force to the minimum necessary level.

2.2, Causes of gross slip

An increase in the surface temperature at the
point of disk-power roller contact, referred to here as the
bulk temperature, causes the traction coefficient to drop,
giving rise to gross slip. The main causes of heat
generation are (1) spin, (2) creep and (3) sideslip.

(1) Spin refers to the rotational motion that occurs at the
contact surface (contact ellipse) between the disks
and power rollers. Spin occurs when the intersection
of the rotational axes of two rotating bodies (a disk
and a power roller) does not pass through their
common tangential plane. In the case of a half-
toroidal CVT, both maximum spin and heat
generation theoretically occur when the variator ratio
is close to 1.0.

Power roller rotational velocity (rpm)

Converted to an equivalent maximum contact

pressure on the input side (GPa)

Fig. 4 Fatigue life line
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(2) Creep refers to a relative velocity difference between
the drive and driven sides. In a traction drive, loading
force is applied to a pair of rotating bodies having
smooth surfaces, causing the fluid to be enclosed in
the contact area of their resultant elastic deformation.
Shearing force is thus produced corresponding to the
relative velocity between the drive and driven
elements. Creep is the quantity obtained by dividing
the velocity difference at the center of the contact
surface by the circumferential velocity of the rotating
body of the input axis. It is given by the following
equation.

|

r.: rotational radius of input disk

r,: rotational radius of power roller
w - angular velocity of input disk
w ,: angular velocity of power roller

nw, - nw,

Cc

rl
o,

(3) Sideslip refers to the micro sliding velocity that
occurs in the rolling and orthogonal directions in the
tangential plane of the contact portion of the rolling
bodies. It occurs because the rotational axes of the
power rollers are offset in the orthogonal direction
relative to the rotational axes of the input and output
disks. The sideslip force produced as a result tilts the
power rollers.

In order to reduce the axial loading force, the
bulk temperature resulting from the heat generated by
slip, creep and sideslip must be ascertained accurately.
However, because it has so far been extremely difficult
to measure the bulk temperature, it has been virtually
impossible to determine accurately the excess traction
margin (i.e., actually generated loading force minus the
loading force needed to ensure traction under the given
driving conditions).

The implementation of a new method of
measuring the bulk temperature has now made it
possible to determine the excess traction margin with
high accuracy. This new method is explained below.

2.3. Method of measuring bulk te mperature
2.3.1. Problems with conventional method

Previously, a sliding contact thermocouple was
pressed against a disk to obtain data for estimating the
bulk temperature. That method had the following
problems which gave rise to measurement error.
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(1) The thermal capacity of the thermocouple itself
degraded the transient response.

(2) Pressing the thermocouple against the disk caused the
temperature to rise due to the heat produced by
sliding.

(3) The measured temperature was lower than the actual
temperature because the measurement was taken at a
place slightly removed from the rolling elements of
the traction mechanism owing to the danger of
scratching their sliding surfaces.

2.3.2. New method of measuring bulk temperature

With the newly adopted measurement method,
the radiation energy of near-infrared waves emitted from
a power roller is detected, and the surface temperature of
the roller is estimated from the measured data (Fig. 5).

This method provides outstanding response
and resolution because there is no worry about the
influence of thermal capacity. Since it is a non-contact
type of measurement, no heat is generated by sliding
either. Moreover, the optical fiber can be installed close
to the power roller to obtain highly accurate temperature
measurements near the point of disk-power roller contact
regardless of the shift position. Consequently, the heat
generated by spin, creep and sideslip mentioned earlier
can also be ascertained quantitatively.

However, because of its non-contact nature,
there was concern that the traction fluid present between
the power roller and the optical fiber might influence
measurement accuracy. It was found that over 90% of
the radiation energy would pass through the traction
fluid at a near-infrared measurement wavelength of 2000
nm if the distance between the optical fiber and the
power roller was around 0.5 mm. That level of
transmissivity was judged to make application of this
method feasible (Fig. 6).

Measurable wavelengths below 200°C

+—

P Measurement wavelength

2.0um

i

v
\ /.’W
0 500 1000 1500 2500

Wavelength (nm)

Unmeasurable wavelengths below 200°C

Transmissivity (%o)

Fig. 6 Transmissivity of near-infrared radiation through
1.0-mm-thick fluid filmd data courtesy of the
Measurement Engineering Dept. of Nissan Motor
Co., Ltd.0
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3. Bulk Temperature Measurements

3.1. Measured bulk temperature in power-on downshift

Figure 7 shows the actual waveforms
measured in repeated power-on downshifts. It is seen
that the rise in the bulk temperature traced a completely
different pattern from the supplied fluid temperature and
the fluid temperature in the oil pan.

3.2. Theoretical study of heat generated by spin and creep

The quantity of heat generated by spin and
creep was predicted in a theoretical calculation, and the
correlation between the predicted and measured values
was found. Both the calculated and measured values
showed a temperature rise of 600C (i.e., difference
between the supplied fluid temperature and bulk
temperature). That agreement indicated that this new
method makes it possible to measure the power roller
surface temperature with higher accuracy.

In addition, it was also found that the bulk
temperature at the time slip occurs under the above-
mentioned driving conditions reaches a temperature
region that is not attained in ordinary driving. That result
indicated that the current T-CVT has an ample margin
with respect to slip resistance.

e Theoretical equation for calculating bulk temperature®

T, = ql0.1(n/k, )+ 051 /(K p.C.p1,))

Definitions of variables and units
T, : temperature rise relative to supplied fluid
temperature (K)

g : quantity of heat generated per unit area of the
contact ellipse (W)

h : fluid film thickness (m)

K, : thermal conductivity of fluid film (W/m/K)

I, :short-axis radius of contact ellipse x 2 (m)

K, : thermal conductivity of rolling elements

(W/m/K)
p .: density of rolling elements (kg/m3)
C. : specific heat of rolling elements (J/kg/K)

u . circumferential velocity in rolling direction (m/s)
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3.3. Bulk temperature at time of sideslip

The change in the bulk temperature was found
at the time the T-CVT shifted under various operating
conditions. The experimental results showed that the
quantity of heat generated by sideslip was less than that
produced by spin or creep.

Figure 8 shows the bulk temperature at the
time the T-CVT shifted under a condition of a high input
speed. The results indicate that the input speed and the
shifting speed substantially influenced the quantity of
heat generated.

4. Revision of Axial Loading For ce

4.1. Explanation of design traction coefficient

In the present system, axial loading force is
produced by the loading cam installed on the input side
of the shift mechanism (Fig. 1). When torque is input
from the engine, the cam roller sandwiched between the
loading cam and the front input disk causes both of them
to rotate at a relative velocity proportional to the input
torque, and axial loading force is generated.

The minimum axial loading force needed to
maintain the transmission of torque under all
conceivable driving conditions is found in advance as the
ratio between the axial loading force and the force
tangential to the direction of rotation. The reciprocal of
that value is called the design traction coefficient. A
large traction coefficient reduces the required axial
loading force, with the result that the torque capacity,
efficiency and other performance attributes of T-CVTs
are improved. Accordingly, a large traction coefficient is
desirable for enhancing the appeal of T-CVTs.

4.2. Revision of design traction coefficient
A technical paper written by GM engineers
used a value of 0.055 as the design traction coefficient of
a dual-cavity T-CVT.® The results of the present
evaluation showed that this value could be increased by
nearly 10%. That would bring about the benefits noted
below, which would markedly improve the appeal of T-
CVTs.
(1) Improvement in overall unit efficiency of several
percent.
(2) Improvement in variator durability of several tens of
percent.
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Hisanori YOSHIDA

5. Future T-CVTs

In addition to revising the design traction
coefficient as mentioned above, we also plan to make the
following improvements to T-CVTs in the coming years:
(1) Development of a technique for providing grooves in
the disk surfaces so as to obtain a higher traction
coefficient

(2) Development of a traction fluid with a higher traction
coefficient

These developments will enable dual-cavity T-
CVTs to handle higher levels of engine torque than the
current units. In addition, they will facilitate the
development of low-cost single-cavity T-CVTs for use
with 2-liter class engines.
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Summary  This article describes the vehicle and
powertrain trends observed at the 2004 Paris Motor
Show that opened in late September last year.
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1. Intr oduction

The Paris Motor Show, often referred to as the
Paris Salon, is held at the Paris Expo Porte de Versailles
(Fig. 1), located in the southwestern part of the French
capital. Exhibits were spread over eight halls, having a
combined exhibition space approximately twice as large
as that of Makuhari Messe where the Tokyo Motor Show
is held. At the 2004 show, 432 companies, representing
vehicle manufacturers and parts suppliers from 27
countries around the world, vied in announcing and
displaying their next-generation technologies and newest
products.

The show ran from September 25 to October
10, 2004, and attracted approximately 1.5 million
visitors.

2. Vehicle Tends

On the whole, there were not so many exhibits
of futuristic concept cars. Most of the vehicle and
technology exhibits were intended to contribute directly
to promoting sales of 2004-05 model year vehicles.

Two concrete trends were evident in the
vehicles on display. One trend was seen in the
automakers' vigorous introduction of new models in the
small car segment, comprising the B and C platform
classes with an overall vehicle length of around 4 m. The
automakers have their eye on the trend toward rising
annual vehicle sales in the Eastern Europe market,
accompanying the expansion of the EU.



2004 /XY « F—F 3 —HRBRE

0o0o0oooooooooooOoOooOo,00o0o
0o0o0o0oo00Dm@MBOOOOOOOOOCOOOO
0000000 0040000 O000o0ooaoo
oopoooooooooood.
oo0o0O0OBOOODOOOODOODODOOOOODOO
gooooomMobus/CDooOoi1007/0000Mmm0O
00;000poooooczZztoooooooooo
0o0o0o00D0000oo0ODO000oDoOoOoOooooOA
goO0/o00os,cO00b0ooonoOooooon
0 O O smart forfour /BMW120l BMWO OOOFR C
00000000 O0DOO00oo0mooooooan.

__

Fig. 2 Renault Modus

oo0oooOoooooosuvoooooooo
gooooooooooooOoooooooo,o
JoooooooooooooooOoooo,oo
00000000 0OO00OPathfinded DO DO OOO
0000000000 VW Touareg Sport W12,0 O
Sportage,Volvo XC90 V8, Chevrolet S3SXO O O OO O
oad.

3. RIBEDHEENT - LA

gboboobooboobooooboogooooboo
go40000boobboobooboobogn
gboboobuogboobooboobboobdg
oobooo.Oopooobo,0bo0bO/MeEVODOODO
gogbobobooobobboocece.nbogoooo
gobbodgogoobooobboooobooo
g.oooobobobobobbooooooooaoo
goboobobboobbobooboon.,

gooooooooooooooooooboo
goboboooooboooooobooooooogon
gooboooooo,oo0oo0oooboab
OAMT/HEVO OO OUOOATODOOMMPRODOO.

_66_

Examples of B platform models included those
with a relatively tall body like the Renault Modus (Fig.
2), Peugeot 1007, Nissan Tone (Note in Japan) and
Mitsubishi Colt CZT. In addition, new entries in this
segment were represented by DaimlerChrysler's A-Class
and Vision B. The C platform segment included models
like the smart forfour and the BMW 120i, which is
BMW's first rear-wheel-drive C-platform segment car.

The second trend was seen in the prominent
exhibits of new SUVs and minivans, reflecting their
steadily increasing number in the European market.
These products were originally created in the North
American market and have already reached maturity in
the Japanese and South Korean markets. Some examples
of the displayed models included the Nissan Pathfinder,
fitted with a new diesel engine, the VW Touareg Sport
W12, the Kia Sportage, the Volvo XC90 V8 and the
Chevrolet S3X.

3. Environmentally Friendly P owertrains

With regard to efforts to foster harmony with
the environment, many powertrain exhibits emphasized
compliance with the Euro 4 regulations that come into
effect in 2005. Moreover, concepts aimed at compliance
with future emission regulations were also seen at many
companies' booths. In general, few automakers presented
fuel cell vehicles (FCVs) or hybrid electric vehicles
(HEVs). The vehicle exhibits that stood out were ones
equipped with new-generation diesel engines boasting
high fuel economy and low levels of CO2 emissions. A
trend toward vigorous expansion of new vehicle models
fitted with diesel engines was also seen among Japanese
automakers.

The global automakers also publicized their
automatic transmissions (ATs), including automated
manual transmissions (AMTs) and HEV systems. These
AT exhibits incorporated new mechanisms as
technologies for achieving environmental friendliness, in
addition to providing convenience and driving comfort.

Approximately 1000 20% of all the displayed
vehicles were equipped with an AT, which is still much
lower than the installation rates in North America and
Japan. Yet, there was evidence everywhere that the
automakers have been putting emphasis on expanding
sales of AT-equipped vehicles, compared with the
situation at the Frankfurt and other European motor
shows in the period from around 1997-2001.
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For example, Peugeot displayed an AMT-
equipped 1007 demonstration model targeted at ordinary
visitors. The AMT shift mechanism was explained by
letting visitors actually sit in the driver's seat and
manipulate the shift lever lightly to shift gears without
having to depress the clutch pedal.

BMW exhibited a vehicle equipped with a
stepped AT and emphasized the convenience of the
gearbox by explaining that the transmission shifted
automatically according to the vehicle's operating status
when the driver merely operated the accelerator pedal.

All the AT-equipped cars featured a Tiptronic-
like mode to meet the preferences of European car
drivers who are accustomed to manual shifting. New
shifter mechanisms aimed at enhanced ease of operation
were also introduced such as the "soft-touch-plus™ shift
lever that shifts with just a light nudge in the forward
direction (Fig. 3).

Many different types of AT mechanisms have
been commercialized and put in mass production in the
European market, making it difficult to predict future
trends. At the Paris show, AT exhibits and AT-equipped
vehicle exhibits were rich in variety, as indicated by the
following breakdown of the total: AMTs: 19%; dual
clutch transmissions (DCTSs): 13%; stepped ATs: 37%
(4-speed: 6%; 5-speed: 6%; 6-speed: 25%); CVTs: 25%;
and HEV systems: 6%.

3.1. AMTs

Many AMTs were based on the manual
transmissions (MTs) the automakers manufacture in-
house for use on their small cars. Examples included the
smart forfour's AMT with creep capability, and the
Citroen C3's AMT with automatic engine stop/start
capability for improved fuel economy.

VW also exhibited its Direct Shift Gearbox
(DSG), a DCT-type AMT that the automaker mass
produces for use on its midsize cars. This demonstration
featured hands-on experience of the DSG, thereby
emphasizing to ordinary car users the comfort of driving
without using a clutch pedal and the outstanding feeling
of acceleration and quick response provided by this DCT
(Figs. 4 and 5).
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)

Fig. 5 VW DCT Cutaway Model

3.2, Stepped ATs

BMW exhibited its new rear-wheel-drive 120i
equipped with a 6-speed AT (made by ZF), and Peugeot
displayed its 607 featuring a diesel engine mated to a 6-
speed AT (made by AW). These exhibits reflected the
ongoing transition from 4-speed gearboxes to ATs with
five or more speeds.

At the 2003 Frankfurt Motor Show, Mercedes-
Benz exhibited a 7-speed AT that it manufactured in-
house, but that unit was not displayed at last year's Paris
show.

3.3. CVTs

DaimlerChrysler presented a 2-liter class steel-
belt CVT manufactured in-house for the Mercedes-Benz
A-Class, and Audi displayed a 2.8-liter class chain-belt
CVT that it manufactures in-house. These exhibits
typified the general thinking at present that CVTs are for
small to midsize cars. In contrast, Nissan exhibited a
cutaway model of the powertrain used on its new
Murano SUV, which combines a 3.5-liter high-torque
engine with a JATCO CVT (Fig. 6). This exhibit
emphasized the creation of a new-generation CVT that
achieves both improved fuel economy and applicability
to cars powered by large-displacement engines.
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Fig. 6 NISSAN Murano CVT
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4. Concluding Remarks

Compared with the Tokyo, Frankfurt, Detroit,
Seoul and other motor shows throughout the world, the
2004 Paris Motor Show was a sophisticated international
auto show with a vast array of cutting-edge technologies
spectacularly orchestrated in a uniquely French manner.

Powertrain needs are rising to new levels
every year in the European market and dramatic
advances are being made in technological innovations.
The author keenly felt that JATCO must undertake wide-
ranging market surveys in order to support the
company's further growth on a global basis.
(DCT is Volkswagen's registered trademark.)

Tsukasa ONODA
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Summary In November 2004, JATCO launched
production of a new steel-belt CVT (CVT2) for use on
2.0-2.5-L class vehicles. The major development
objectives set for this new CVT, which replaces the
previous Hyper-CV T, were to improve fuel economy,
enhance power performance and achieve a smaller,
lighter design. In every attribute, the new CV T2 achieves
performance ranking among the best in its class
worldwide. This article describes the main structure and
performance of the CVT2.
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1. Intr oduction

Competition to improve fuel economy has
been intensifying in the automotive industry in recent
years amid rising concern about global environmental
problems and the tightening of related regulations. The
automakers have regarded continuously variable
transmissions (CVTs) as an important technology for
improving fuel economy, and the market share of CVTs
has been expanding these last several years as a result.
Nissan Motor Company was among the first car
manufacturers to focus attention on CVTs and has
worked to increase the torque capacity of CVTs ahead of
other automakers. For example, Nissan announced the
world's first steel-belt CVT for 2.0-L class front-wheel-
drive cars in 1997 and applied the unit to midsize
passenger vehicles. Subsequently, in 2002, Nissan rolled
out the Xtronic CVT, a next-generation CVT featuring
improved fuel economy and power performance that has
been highly acclaimed on 1.5-L class small cars and 3.5-
L class large cars.

The steel-belt CVT2 was newly developed for
use on midsize front-wheel-drive vehicles and was
adopted on a new Nissan minivan that was released in
December 2004. With the introduction of the new CVT2,
Nissan has achieved a full lineup of next-generation
CVTs. This article describes the technical details of the
CVT2.
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2. Development Objectives

In addition to improving fuel economy, the
CVT2 had to be applicable to new vehicle platforms
designed for improved crashworthiness and also enhance
vehicle power performance. The following three
objectives were set for the development of the CVT2.
(1) Improvement of fuel economy
(2) Improvement of acceleration performance
(3) Smaller and lighter design (shorter overall length)

3. Structure and Major Specifications

Figure 1 shows a main cross-sectional view of
the CVT2, and its appearance is shown in the cut-away
model in Figure 2. The major specifications of the CVT2
and those of the previous Hyper-CVT are compared in
Table 1.

Like the Hyper-CVT, the CVT2 adopts a
torque converter as the start-off element. Torque input
from the engine is transmitted through the torque
converter and the forward/reverse actuation mechanism
to the belt and pulley system that serves as the shift
mechanism. From there, drive torque is transmitted
through the final reduction gearset to a differential gear
and then output to the right and left drive wheels. The oil
pump that produces the hydraulic pressure for
transmitting torque and executing ratio changes is
located below the CVT. It is driven via a chain system
from the input shaft coupled directly to the engine. As in
the past, the hydraulic pressure control system is
positioned inside the oil pan below the case. While the
Hyper-CVT adopted an oil cooler built into the radiator,
the CVT2 has a built-in cooler that increases the degrees
of freedom for mounting the unit in the vehicle.

Table 1 Major Specifications

Item CVT2 Hyper-CVT
Torque capacity 250 Nm 200 Nm
Gear ratios  |Pully ratio 2.349~0.394 | 2.326~0.434
Ratio coverage 6.0 5.4
Reverse gear ratio 1.750 1.580
Final gear ratio 5.407~6.466 | 5.473/5.743
Weight (kg) 90 94
Overall length (mm) 354.7 396.0
Distance between Ist and 2nd shafts 171.0 168.0
Distance between 1st and 4th shafts 197.0 185.0
Manual mode 6 speeds 6 speeds
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4. Key Technologies for Improving Performance

4.1. Improvement of fuel economy
4.1.1. Expanded ratio coverage

The ratio coverage (Low ratio/High ratio) of
the CVT2 was expanded to 6.0, compared with 5.4 for
the Hyper CVT, while still attaining the downsizing
objective (Fig. 3). A major contributor here was the 5%
reduction in the secondary pulley shaft diameter that was
achieved by optimizing the geometry near the pulley
shaft on the basis of a structural analysis simulation. The
wider ratio coverage makes it possible to keep the engine
speed low during high-speed cruising, without
sacrificing start-off acceleration performance. The result
is an improvement in fuel economy together with quieter
operation.

4.1.2. Reduction of friction

Various means of reducing friction were
investigated and adopted for the CVT2. This included
reducing the sliding resistance of powertrain parts such
as the seal rings and clutches and also reducing the oil
agitation resistance caused by the gears. One notable
change regarding the oil pump is that the previous
internal trochoid gear pump was switched to a vane
pump. Instead of positioning the oil pump on the input
shaft as was done previously, the pump now has an
independent shaft and is driven by a chain. This reduced
the size of the pump itself and lowered mechanical
losses to increase efficiency (Fig. 5). A flow control
valve was also provided for forcibly returning excess
fluid on the discharge side to the input side. The
resultant reduction of pressure losses improves
efficiency at high operating speeds and also reduces the
pump noise level.

As a result of adopting these measures, the
overall friction level of the CVT2 at a typical operating
point has been reduced by about 30% compared with the
Hyper CVT (Fig. 6).

— Highest

Lowest

Secondary pulley shaft diameter narrowed about 5%
compared with Hyper-CVT

Fig. 4 Pulley and belt assembly



RERIEAIE CVTORFE

Hyper—CVT

t —30%

Unit friction Nm

CvT2 Hyper—CVT CVT2

Fig. 5 Comparison of oil pump systems Fig. 6 Reduction of CVT unit friction

413. 00000000

4.1.3. Optimization of fluid pressure

00000000o0o0o0oO0oO0oOoOoOoOoOoOooog A linear solenoid was added to enable the
0000000000 OoOoooooooooon pressure supplied to the secondary pulley to be
0000000000000 00O000000n controlled independently of the line pressure. In

guobbodgoobobooobboooobbogo
oDOO00O0OO0Frg7OCVT2UODOO0OO0OODOO
gobbooooobboooboboooobbooo
gboboboboboboobo

<Input signal system>

Primary
pulley speed

CVT
Cc/u

addition, the accuracy of the entire pressure control
system was improved. These measures allowed the fluid
pressure to be reduced for a substantial improvement in
transmission efficiency. A block diagram of the
hydraulic pressure circuit of the CVT2 is shown in Fig.
7. Additionally, the pressure settings were optimized as
result of analyzing the fluid pressure levels in detail
under various driving conditions.
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Fig. 7 Block diagram of pressure control system
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4.1.4. Extension of lock-up operation range to lower
vehicle speeds

One effective means of improving fuel
economy is to initiate lock-up operation at lower vehicle
speeds. However, that can also cause undesirable side
effects such as booming noise and unpleasant sensations
due to sudden changes in engine speed. To avoid such
problems, the CVT2 adopts a slip lock-up control system
with two degrees of freedom. When engaging the lock-
up clutch at an exceptionally low vehicle speed, this
control system varies the engine speed without causing
any unnatural feeling. As a result, the range of lock-up
operation has been extended to lower vehicle speeds
(Fig. 8).

Lock-up pressure during coasting is also
controlled so as to ensure the minimum necessary torque
capacity corresponding to the engine torque. This
improves lock-up release response at times when the
driver decelerates suddenly, making it possible to expand
the range of fuel cut-off to the engine for better fuel
economy.

4.2, Improvement of acceleration performance

If one simply aims to obtain powerful
acceleration with a CVT, the most effective approach is
to run the engine always at the speed where the
maximum power is generated. However, that would
degrade the feeling of acceleration. One issue for CVTs
has been to achieve both powerful acceleration
performance and a suitable feeling of acceleration. To
overcome this issue with the CVT2, steps were taken to
improve shift response. The principal improvements
made are described below.

4.2.1. Improvement of pressure control system

The capacity of the pulley pressure chambers
was reduced to enable the CVT2 to shift with a smaller
quantity of fluid. That made it necessary to set the
maximum pressure 30% higher than that of the Hyper-
CVT, which was accomplished by redesigning all of the
hydraulic circuit components. Other improvements made
include the adoption of a control for regulating both the
primary and secondary pulley pressures, revision of the
shift control valve geometry, adoption of linear solenoids
and improvement of pressure control accuracy. These
improvements enable the CVT2 to shift stably and
quickly.

4.2.2. Improvement of CVT fluid

Improvements made to the CVT fluid served
to improve the p -v characteristics between the pulleys
and the belt, enabling the CVT2 to shift more stably

(Fig. 9).
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4.3. Smaller and lighter design

The torque capacity, ratio coverage and other
basic CVT performance attributes of the CVT2 have
been dramatically enhanced through the improvements
described here. In addition to that, the overall length of
the CVT2 was shortened by approximately 50 mm and
its weight was reduced by about 4 kg compared with the
Hyper-CVT.

4.3.1. Super-flat torque converter

Hydrodynamic performance simulations were
utilized to optimize the geometries of the impeller,
turbine and stator, enabling the CVT2 to achieve a
flatness ratio of 61% compared with a ratio of 83% for
the previous Hyper-CVT. The flatter design made it
possible to shorten the axial length of the torque
converter by approximately 20% compared with that of
the previous unit (Fig. 10).

4.3.2. Separate oil pump drive shaft

Positioning the chain-driven oil pump below
the CVT allowed the overall length of the pump to be
shortened. The size of the pump was also reduced
because the stator shaft of the torque converter no longer
has to pass through the pump interior (Fig. 11).

Input Shaft
01l Pump Drive Chain

Fig. 11 Oil Pump System
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4.3.3. Smaller, lighter pulleys

The primary pulley was changed from the
tandem-piston type used for the Hyper-CVT to a single
piston type. Moreover, the use of improved
manufacturing technologies made it possible to integrate
both the primary and secondary pulleys with their
hydraulic cylinders. Sheave stiffness was also increased
to allow the use of thinner sheaves.

4.3.4. Smaller, lighter forward/reverse actuation
mechanism

In comparison with the Hyper-CVT, the clutch
size and pressure settings were revised and the number
of clutch discs was reduced. As a result, the
forward/reverse actuation mechanism is about 9%
shorter in overall length and about 12% lighter in weight
than the previous CVT (Fig. 12).

5. Effects on Vehicle Performance

5.1. Improvement of fuel economy

Shift control has been thoroughly tuned at the
vehicle level by carefully analyzing everyday driving
patterns, making it possible to drive at all times in a
region where the engine achieves high fuel efficiency.
Because the engine paired with the CVT2 was newly
developed, measures were specifically taken to ensure
that it would be compatible with CVT use, which has
also contributed to a further improvement of fuel
economy.

As a result, along with the reduction of friction
and other improvements mentioned earlier, the CVT2
has a substantial effect on improving vehicle fuel
economy. The Nissan Lafesta fitted with the CVT2
improves 10-15 mode fuel economy by 11% over a
similar-sized car equipped with the Hyper-CVT. That
enables the Lafesta to achieve class-leading fuel
economy.

5.2. Improvement of acceleration performance

Improvement of shift response has made it
possible to enhance both acceleration performance and
the feeling of acceleration at the vehicle level. For
example, the time lag from the moment the driver
presses the accelerator pedal to accelerate until the
transmission shifts to the Low side (i.e., the engine speed
begins to rise) has been shortened. Not only does that
achieve a better feeling of acceleration, it also
contributes to improved acceleration performance to the
extent that the time lag is reduced. Moreover, the initial
rise in engine speed in a kick-down shift is suppressed to
provide a unified feeling that the engine speed and
vehicle speed rise together once the vehicle begins to
accelerate. The quicker shift response also helped to
facilitate shift tuning that enhances the perception of
acceleration (Fig. 13).
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5.3 Compatibility with platforms designed for
improved crashwor thiness

The newly developed platform adopted for the
Lafesta incorporates various improvements to enhance
crashworthiness and noise/vibration performance, which
made it necessary to downsize the CVT2. These
improvements include the adoption of a new engine mount
system, the addition of a cradle-type sub-frame, and the
use of side member reinforcements. The CVT2 was
reduced in size, including shortening its overall length as
was mentioned earlier, to make it compatible with the new
platform. The smaller size also contributed to reducing the
Lafesta's minimum turning radius (Fig. 14).

6. Conclusion

This article has described a newly developed
steel-belt CVT for use on front-wheel-drive cars in the
2.0-2.5-L class. This unit was developed with the aims of
improving fuel economy, enhancing acceleration
performance and achieving a smaller, lighter design.

(1) Improved fuel economy has been achieved by
expanding the ratio coverage, reducing friction and
extending the lock-up operation range to lower
vehicle speeds.

(2) Shift response and the feeling of acceleration have
been improved by making improvements to the
pressure control system and the CVT fluid.

(3) As a result of downsizing component parts,
relocating the oil pump and making other
improvements, the CVT2 is about 4 kg lighter and
its overall length is about 50 mm shorter than the
previous CVT, making it compatible with a vehicle
platform designed for improved crashworthiness.

Finally, the authors would like to thank
everyone inside and outside the company who
contributed significantly to the development and
commercialization of this new CVT.
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Summary  Further improvements were made to the
previous F1C1 steel-belt CVT, and the improved version
was adopted on the new Colt Plus (Fig. 1), the latest
generation of the Colt series that Mitsubishi Motors
Corporation released on October 25, 2004. This article
describes the functional improvements, notably the
enhancement of fuel economy, made to the new unit that
was developed around the previous F1C1 steel-belt CVT.
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1. Intr oduction

The previous F1C1 steel-belt CVT was
adopted on the Mitsubishi Lancer Cedia in 2000. It was
the first steel-belt CVT to be used on a Mitsubishi car,
and it played a significant role in improving fuel
economy.

The current F1C1 CVT has been developed as
a functionally improved version of the previous CVT.
The principal aim of the development work was to
further enhance fuel economy.

2. Structure and Features

A main cross-sectional view of the current
F1C1 CVT is shown in Fig. 1. The major specifications
of the unit for application to a 2WD vehicle powered by
a 1.3-liter engine are given in Table 1. The
improvements made over the previous unit are explained
in the following discussion.
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Table 1 Specifications

Item Specification
Engine application 125 Nm/4000 rpm
68 kW/6000 rpm
Torque converter 236 mm dia.
Ratio FWD 2.319~0.445
REV 2.588
Ratio coverage 5.211
Final gear ratio 5.219
No. of selector positions 6 (P,R,N,D, Ds, L)
Weight (dry) 75.5 kg
Unit length 394 mm

2.1. Improvement of fuel economy
(1) Reduction of friction

As a result of the improvements explained in
(1) through (3) below, the friction level of the current
F1C1 CVT has been reduced by 0.6 Nm from the
previous unit at a typical driving point (Fig. 3).
(1) Adoption of ball bearings for the third shaft

The previous tapered roller bearings were
changed to ball bearings and a thrust needle bearing was
also added, with the result that bearing friction was
reduced by 49% (Figs. 4 and 5). Tapered roller bearings
were not used for the other shafts from the beginning.

(2) Shape of brake plate oil grooves

The shape of the oil grooves in the brake plate
friction material, which turns freely during forward travel,
was changed to improve fluid drainage, resulting in a
maximum drag torque reduction of 22% (Figs. 6 and 7).

(3) First shaft oil seal
Friction was reduced by improving the rubber
material and the lip shape and by reducing the weight

(Fig. 8).

(2) Expansion of lock-up operation range

As shown in Fig. 9, the lockup operation range
at low loads has been extended from 15 km/hr to a lower
speed of 8 km/h for an improvement in fuel economy.
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2.2, Other functional impr ovements
(1) Reduction of gear meshing noise

A gear face finishing process was added for
the final reduction gear after the heat treatment, thereby
reducing the variation in excitation forces for a reduction
in gear meshing noise.

(2) Improvement of shift control

A NeutralaDrive load signal was newly added
that is sent from the CVT to the engine when executing
NAaD shifts. This signal is used to synchronize the control
timing between the CVT and the engine for improved
control stability.

4. Conclusion

In the process of developing the current F1C1
CVT, specifications were incorporated for improving
fuel economy and functional performance. The newly
completed specifications contribute to improving the
appeal of the vehicle.

Finally, the authors would like to thank the
people involved at Mitsubishi Motors Corp. and within
Jatco for their cooperation in the development of the
current F1C1 CVT.

Ataru TANIMURA
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Automatic Transmission, (hereafter This AT) has been
developed based on the former RE4F03B FF 4 speed
Automatic Transmission (hereafter Former AT) for the
Nissan TIIDA from Nissan Motor Co., Ltd., and has
been presented and launched in September 2004. The
following article will introduce the developmental
achievement of This AT.
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1. Intr oduction

The FF 4speed Former AT was adopted on the
Nissan Primera August 1998 for the first time. This AT
which has been newly developed at this time, was based
on the Former AT and will be adopted on the Nissan
THDA (Fig. 1, 2). Regardless of it being a short-term
development, in order to respond to customer needs,
improvements of both electronic controls and shift
change mechanisms has been made, which resulted in
superior shift performance.

2. Structure and features

The main cross-sectional view of This AT are
shown in Fig. 3, and the main specifications are shown
in Table 1.

Based on the Former AT, new modifications
on the following component parts have been made to
improve shift performance.

(1) Addition of powertrain sensor

(2) Addition of centrifugal cancel mechanism to the high
clutch

(3) Improvement of oil groove machining of the reverse
clutch drum

(4) Improvement of the dish load-stroke of reverse clutch
and low & reverse brake

(5) Improvement of hydraulically controlled system
parts, such as control valve, band servo, and
accumulators

(6) Improvement of electronic control by AT control unit
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Table 1 Specifications

Max. input torque 160 Nm
Max. input speed 7,000 rpm
Mazx. vehicle weight 1,700 kg
Control system Electronic
Torque converter 236 mm dia.

1st 2.861

2nd 1.562
Gear ratio 3rd 1.000

4th 0.697

Rev 2310
Final drive gear ratio 3.605~ 4.342
No. of selector positions 6(PR,N, D, 2 1)
Overall length 387.5mm
Center distance between 186 mm
engine and differential
Dry weight 61 kg

3. Improvement of shift performance

The requirements from Nissan Motor Co., Ltd
in developing This AT was to have an above equal shift
performance level to that of their top competitors group.
Furthermore the following adaptations have been made,
aiming to fulfill the requirements of robustness in shift
performance against time degradation, dispersion among
the products, and various environmental conditions, as
well as setting the target value based on the benchmark
of competitors and the provided target point of
evaluation.
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(1) By adopting the power train sensor, it has made the

amount and timing of the engine torque-down
control highly accurate, and by adopting the
hydraulic shift control using engine torque signal,
and enhanced learning control of the hydraulic
pressure at the upshift, constant optimum ideal shift
performance have been accomplished as well as
improvement of robustness. Refer to Fig. 4

(2) By adding the centrifugal cancel mechanism to the

high clutch in order to produce centrifugal oil
pressure corresponding to the oil pressure cancel
chamber, the need to drain the centrifugal hydraulic
pressure through the check ball, and to refill the
piston pressure chamber at the next clutch
application are eliminated, which has enabled high
response, smooth and stable shift.

(3) The smooth shift up at a low temperature has been

achieved by reforming the machining oil groove of
the reverse clutch drum and improving oil purge
when applying band brake. Refer to Fig. 5

(4) shift shock was reduced by modifying the dish load-

stroke of reverse clutch and low & reverse brake, and
by reforming the hydraulic pressure control system
parts such as control valve and N-D accumulator.

TIDA (1—2upshift) Model B (1—2upshift)
TH=1/8 TH=1/8
lsec
e e o
e (1
i
Shift decision Shift decision

Fig. 5 D range upshift waveforms! low temperatured
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4. Other items of improvements

Concerning the additional control adopted on
RE4F03B series' control system, functional
improvements have been carried out and adopted.

Those items are shown below.

(1) Lock-up operation at lower vehicle speed

(2) Expansion of the coast lock-up zone

(3) Optimization of line pressure by using engine torque
signal

(4) Optimization of a shift map

5. Postscript

RE4F03B type AT, the successor of
hydraulically controlled type FO3A which was first
introduced in 1989 to the Sunny and Pulsar of Nissan
Motor Co., Ltd., have undergone much improvements as
electrolyzing its controls, and has become a long seller
AT exceeding over 15 years.

The RE4F03B Improved Type which has been
developed at this time, has succeeded in becoming an
AT that attains shift performance which summarizes the
history of AT. Please experience the shift quality which
realized both quickness and smoothness, by test driving
the vehicle. Finally, I would like to show my deepest
gratitude to Nissan Motor Co., Ltd., and the various
departments involved (both internal and external), for
their tremendous cooperation in developing This AT.

Koji MASAO
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Summary This article describes the new CVTs used
on the Nissan Tiida, powered by 1.5-L and 1.8-L
engines. These new CVTs, with a torque capacity of 150
Nm and 180 Nm, respectively, were developed around
the CVT used on the front-wheel-drive Nissan Cube.
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Fig. 1 Nissan TIIDA
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1. Intr oduction

The new CVTs were both developed in a short
period of time following the launch of the previous CVT
in August 2002. The 150-Nm CVT was developed in 23
months and the 180-Nm CVT in 27 months.
Applications of both CVTs will be steadily expanded
from their initial use on the Tiida (Fig. 1).

2. Development Objectives

One principal development objective was to
incorporate measures for improving fuel economy over
the level obtained with the previous CVT in order to
meet more stringent fuel economy regulations. Another
major focus was to increase the torque capacity to
accommodate a 1.8-L Nissan engine.

The appearance of the 150-Nm CVT and the
engine used on the Tiida is shown in Fig. 2.

Fig. 2 150-Nm CVT and HR15DE engine used on the TIIDA
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3. Structure and Specifications

3.1. Structure

A cross-sectional view of the 150-Nm CVT is
shown in Fig. 3. Both CVTs share the same powertrain
components as much as possible in order to reduce costs.
Excluding their layout requirements, there are three main
differences between the two CVTs: (1) the addition of
micro shot peening to the primary pulley, (2) the size of
the differential and (3) the lock-up damper stiffness.

3.2. Main spe cifications
The main specifications of both CVTs are
given in Table 1.

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

4.1. Lock-up control

The vehicle speed at which the lock-up clutch
is fully engaged was further reduced to 18 km/h for the
purpose of improving fuel economy. In conjunction with
the lower vehicle speed for the onset of lock-up
operation, a slip lock-up control system was adopted to
mitigate any unpleasant sensation resulting from a step-
like difference in engine speed. This system improves
both fuel economy and driveability. In order to expand
the range of lock-up operation, the stiffness of the torque
converter damper was reduced, compared with that of
the previous CVT.

Table 1 Technical specification

150-Nm CVT 180-Nm CVT
Model TIIDA 1.5L TIIDA 1.8L
Drive system 2WD “—
Weight (Dry) kg H/B:1147 H/B:1173
Vehicle SED: 1117 SED:1144
Engine type HR15DE MR18DE
Max. power kw/rpm 80/6000 93/5600
Max. torque Nm/rpm 148/4400 176/4800
Pulley ratio 2.561~0.427 —
CVT Final gear ratio 5473 =
Overall length mm 354.7 352.9
Distance between pulley shafts mm 156 —
Weight (Wet) kg 73.6 742
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Fig. 4 Geometry of oil pump seal ring
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4.2, Seal ring of oil pump

The cross-sectional geometry of the seal ring
was changed to a T-shape to allow the fluid to flow
around to the backside as well, thereby countering the
thrust force and reducing friction. A well-matching
shape was designed to achieve the performance target set
for oil leakage. The seal ring geometry is illustrated
conceptually in Fig. 4.

4.3. Primary pulley

The pressure-bearing area of the primary
pulley piston was made 1.2 times greater than that of the
secondary pulley piston, compared with an equal
pressure-bearing area in the previous CVT. This reduces
the primary pulley pressure, resulting in lower friction.

4.4. Bearing on differential side
The previous taper bearing was changed to a
ball bearing, thereby reducing both friction and the cost.

4.5. Differential separator

A separator was provided around the final gear
to prevent oil scraped up by the gear from flowing back
into the differential chamber. As a result, the oil level in
the final gear is now lower than in the previous unit.
That makes it possible to reduce the oil agitation
resistance caused by the final gear, thereby reducing
friction. A schematic illustration of the separator is
shown in Fig. 5.

4.6. Reduction of pressure

Based on an analysis of experimental data,
excessive pressure levels were reduced wherever
possible, resulting in a reduction of friction.

4.6.1. Optimization of secondary pulley pressure

The minimum secondary pulley pressure was
reduced to 0.35 MPa, 0.05 MPa lower than the 0.40 MPa
level of the previous CVT, to achieve a reduction in belt
friction.
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4.6.2. Line pressure reduction control matching primary
pulley's rotational speed

This control is activated when the turbine
torque is 80 Nm or lower. It reduces excessive line
pressure to match the pulley ratio and primary pulley's
rotational speed, thereby decreasing friction.

4.7. Shift control corresponding to economy mode

An economy mode shift line is provided for
optimal fuel economy, making it possible to attain higher
fuel efficiency. The shift line has been designed so as not
to sacrifice driveability.

Signals indicating the driver's intention are
sent through the Controller Area Network (CAN) from
the engine computer according to the operating
conditions. Interpolation calculations for selecting the
economy mode shift line or the normal mode shift line
are performed on the basis of those signals, thereby
achieving good fuel economy combined with the desired
power performance.

5. Second Development Objective: Increased
Torque Capacity

5.1. Torque converter

The cover, lock-up piston and other parts were
strengthened to accommodate 180 Nm of engine torque.
Additionally, to secure sufficient lock-up capacity, the
pressure-bearing area of the lock-up piston was
expanded. That made it possible to accommodate 180
Nm of torque with the same lock-up differential pressure
as the previous CVT and the 150-Nm CVT. As a result,
the same control valves can be shared by the previous
CVT and both newly developed CVTs, resulting in a
cost reduction.

As mentioned earlier, the stiffness of the
torque converter damper was reduced in connection with
a slight layout change made to expand the lock-up
operation range.

Cross-sectional views of the 150-Nm CVT and
the previous CVT are shown in Fig. 6. The hatched areas
have been changed in relation to the previous CVT.

5.2. Primary pulley

A micro shot peening (wide peening cleaning,
WPC) treatment was added to the primary pulley of the
180-Nm CVT to improve wear resistance. That was done
to accommodate the increased torque capacity, in
addition to increasing the pressure-bearing area of the
piston for the purpose of reducing friction.
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5.3. 4-point gears

In connection with the increase in torque
capacity, measures were taken to address pitting of the
reduction gear, which is the weakest aspect of four-point
gears. The tooth width of the reduction gear and the final
gear was increased by 4.5 mm, the web thickness of the
final gear was increased by 2 mm, and the tooth surface
was modified, making it possible to satisfy the
guaranteed mileage for gear pitting life. In addition, the
sharing of gears by both CVTs also allows the use of the
same case, resulting in a cost saving.

5.4. Differential

The differential used with the 180-Nm CVT
was increased in size to a radius of 180 mm in
connection with the increase in torque capacity. The
differential used with the 150-Nm was kept at a radius of
160 mm, the same size as that of the previous CVT.

6. Conclusion

The use of the new CVTs on the Tiida has
resulted in the following fuel economy benefits. Fuel
economy in Japan's 10-15 test mode has been improved
by 8.3% (from 16.8 to 18.2 km/I) compared with an AT-
equipped model fitted with the same HR15DE engine.
By way of reference, a model fitted with the previous
CVT improved fuel economy by 4.9% (from 16.4 to 17.2
km/I) compared with the same vehicle fitted with an AT
and the same CR14DE engine.

Finally, the author would like to thank
everyone at Nissan Motor Co., Ltd. and in the related
departments at JATCO for their cooperation in
facilitating the development of the new CVTs in a short
period of time.

Hiroaki SUGIMOTO
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Intr oducing the JF405E-H 4-speed AT for Front-drive Cars
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Fig. 1 Main cross-sectional view

The JF405E-H AT was first adopted on the
Suzuki Wagon R RR in October 1998.

As one of the world's smallest and lightest
units, this front-drive 4 speed AT is just the right size for
small cars. The use of the high-efficiency torque
converter, slip lock up, and reduction in mechanical loss
contributes to it's position as the top of the line fuel
efficient AT for minicars.

This AT is also adopted on the new MR
Wagon model which went on the market in January 2006.

Table 1 Specifications of JF405E-H

Max. input torque 110 Nm
Max. input speed 7,800 rpm
Max. vehicle weight (GVW) 1,235kg
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 4.017~5.804
No. of selector positions 6 (PR,N,D.2,L)
Overall length 359.9 mm
Center distance between engine 172 tnm
and differential
Dry weight 45.7kg

m [ Typical model fitted with the JF405E-H AT =

WAGON R RR
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Intr oducing the JF405E-G 4-speed AT for Frontdrive Cars
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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 Company, in July 2002.

This AT has been adopted on the new Matiz
model after improving both fuel efficiency with the use
of slip lock up and shift performance with the upgrade in
electronic control, and is exported to the South Korean
Market, Europe and other areas.

Table 1 Specifications of JFA05E-G

Max. input torque 71.5 Nm
Max. input speed 6,500 rpm
Max. vehicle weight (GVW) 1,217 kg
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 4.709
No. of selector positions 6(PRND2L)
Opverall length 359.9 mm
Centgr distanpe between engine 172 mm
and differential
Dry weight 45.7 kg

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

Matiz
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Intr oducing the JF405E-Q 4-speed AT for Frontdrive Cars

U100 000000000FFMOO00O00OO In October 1999, the JF405E-Q was adopted
0000000000 MorningD OO O O O JF405E- on the Kia Morning as the first front-drive 4 speed AT to
QUIDOONDNODNONONONONONOONONOONONONOD be used on Korean minicars. Fuel efficiency was

0000000000 O0O0OO00O0OoO0oon improved due to t_he adoption of slip lock up and shi_ft

performance was improved due to the enhancement in
bobobobobubobopoodbdooon the electronic control system. This AT is not only sold in
goooooooooo the South Korean market, but its also exported to Europe
and other areas.

Table 1 Specifications of JFA05E-Q
Max. input torque 96 Nm
Max. input speed 6,000 pm
Max. vehicle weight (GVW) 1,350 kg
Control system Electronic
Torque converter 186 mm dia.
1st 2914
2nd 1.525
Gear ratios 3rd 1.000
. 4th 0.725
] I i -—li_{ L( Rev. 2.642
Final drive gear ratio 3977
No. of selector positions 6(PLR,N,D,2,L)
Overall length (Exch.ldlr?gs ifu:ﬁ“;bmken
Fig. 1 Main cross-sectional view ﬁ;ﬁ}iﬁnﬁmwn engine 172 oam
Dry weight 45.7kg

m [J Typical model fitted with the JFA05E-Q AT m

MORNING
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Intr oducing the JR405E 4speed AT for Rear-drive Cars

JRASED OO OOOODODODOODODODOOOOOd The JR405E 4-speed AT is designed for use on
O0000O0OO0O0OFROD4000000000 rear-wheel-drive cars and features direct electronic

control of the clutch pressure. It was first adopted on the
et bubomoouoouobunon Mazda Bongo in June 1999 and has been used on many
doodd@odmooooEMOODOOOOm OO commercial vehicles. Applications include the Nissan

0000000000000 MOoOmooooon Vanette, Supplied to N_issan- by Ma-Zda under an OEM
arrangement, and the Mitsubishi Delica.
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Table 1 Specifications of JR405E

Max. input torque 294 Nm
Max. input speed 7,000 rpm
Max. vehicle weight (G.V.W) 3,250 kg
Control system Electronic
Torque converter 236 mm dia
Ist 2.785
2nd 1.545
Gear ratio 3rd 1.000
4th 0.694
Fig. 1 Main cross-sectional view : _Rev' 2272
No. of select positions 6(P,R,N,D,S,L)
Dry weight 63 kg

m [ Typical model fitted with the JRAOSE AT m

Mazda Bongo Van
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Intr oducing the JR405E-K 4-speed AT for Rear-drive Cars
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Fig. 1 Main cross-sectional view

Introduced here is the JR405E-K 4-speed AT
that has been adopted on the D-Max pickup truck
marketed in Thailand by Isuzu Motors Ltd. Although the
D-Max is not sold in Japan, it has acquired good
reputation in Thailand.

Table 1 Specifications of JR405E-K

Max. input torque 294 Nm
Max. input speed 7,000 rpm
Max. vehicle weight (GVW) 3,250 kg
Control system Electronic
Torque converter 250 mm dia.
1st 2.785

2nd 1.545
Gear ratios 3rd 1.000

4th 0.694

Rev. 2.272
No. of selector positions 7((P,R,N,D,3,2,1)
Dry weight 63 kg

m (] Typical model fitted with the JR405E-K m

D-MAX
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Intr oducing the 5-speed AT for AWD Cars
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Table 1 Specifications

Vehicle LEGACY TRIBECA
Drive system AWD AWD
Applied engine EJ20 EZ30-R
(191 kW/6000, (180 kW/6600,
350 Nm/2400) 297 Nm/4200)
Transmission model | TG5C TG5C

Torque converter Torque converter with we| Torque converter with wet]

multi-plate lock-up clutch| multi-plate lock-up clutch

Ist | 3.540 3.841
2nd | 2.264 2.352
Main | 3rd | 1.471 1.529
Gear | ratios | 4th | 1.000 1.000
ratio S5th | 0.834 0.839
Rev | 2.370 2.764
Final gear | 3.272(GT) 3.583
ratio 3.583(GT specB)

Compound planetary
gearset with center
differential (VDT)

Transfer case Compound planetary
gearset with center

differential (VDT)

Fr diff Subaru Gear Qil Subaru Gear Oil
il (FFX 75W-90) (FFX 75W-90)
ATF ATF RED-1 ATF RED-1
S)
—
N

ﬁ\ :
0 o s

This new five-speed AT for use on all-wheel-
drive (AWD) cars was first adopted on the Subaru
Legacy made by Fuji Heavy Industries Ltd. in 2003. It is
based on the JRO7E 5-speed AT for rear-wheel-drive
cars and features a compact, lightweight design that
delivers high efficiency. The rear-wheel-drive portion
was developed by Jatco. Moreover, high reliability and
low cost were achieved by increasing the percentage of
parts shared with the base AT. For this 5-speed AT, Fuji
Heavy Industries supplies the torque converter, planetary
gearset, clutches, control valves and AT control unit.

Following its adoption on the new generation
of the Legacy in 2003, the TG5C was also successively
used on the 2004 and 2005 models. Its application was
further expanded to the new Tribeca that Fuji Heavy
Industries rolled out in 2005.

m [] Typical model fitted with this AT m

TRIBECA
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Fig. 1 Main cross-sectional view
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1. Overview

This article introduces the Yagi Manufacturing
Department that was newly integrated with JATCO's
operations in April 2003 (Fig. 1).

Location: 10-1, Murohashi, Yagi-cho, Funai-gun, Kyoto,

Japan
Workforce: 503 employees (total including managers,

full-timers and seconded personnel as of
January 1, 2006)

The Yagi Manufacturing Department was
completed in August 1998 as a manufacturing facility of
Mitsubishi Motors Corp. (MMC) The Yagi Manufacturing
Department launched production operations on CVTs for
use on MMC's small cars in April 2000. Subsequently, a
shop for machining gears was completed in July 2002.
Transfer of the gear production line from the Kyoto
Machinery Works was completed in May 2003, and the
line is still in operation today. During that interval, the The
Yagi Manufacturing Department was certified in February
2003 under a government certification program to promote
the creation of comfortable workplaces, and in July of that
year it also received a labor safety encouragement award
from the Director-General of the Kyoto Labor Bureau.

The plant was designed around the concept of
a “clean factory" and was constructed so as to be:

O an environmentally friendly plant,

[ a plant in harmony with the surrounding environment
and community, and

O a plant in which people can trust.

The buildings are laid out so that noise does
not escape from the premises; the latest comprehensive
waste treatment facilities are installed so that waste
water can be released into the source of the Katsura
River, which supplies water for the residents of Kyoto;
no fences are built around the premises so as to eliminate
boundaries between the plant and the community; and
facilities are provided so that visitors can tour the plant
safely and comfortably. The plant is one of JATCO's
state-of-the-art manufacturing facilities (Fig. 2).
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2. Organization and Work Oper ations

As mentioned earlier, the Yagi Manufacturing
Department assembles CVTs (FC1) for use on MMC
vehicles. It also machines FC1 parts as well as gear parts
for front- and rear-wheel-drive AT-equipped vehicles
and MTs, and performs heat treatment operations. The
monthly CVT assembly capacity is 20,400 units (426
hrs.), and the monthly gear machining capacity is
200,000 pieces (426 hrs.).

The organization consists of Manufacturing
Section No. 1 that assembles FC1 units and machines
FC1 parts, Manufacturing Section No. 2 that machines
gear parts and performs heat treatment operations, and
Engineering Section No. 7 that comprehensively handles
engineering, maintenance and quality matters.

Other companies also have permanent
operations on the premises, including JATCO
subsidiaries like JATCO Tool Ltd. and JATCO Plant
Tec Ltd., and cooperating companies such as Nissan
Creative Services Co., Ltd., among others.

The Association for a Better Yagi makes
visitor hospitality the primary focus of its activities in
line with the plant's emphasis on customer satisfaction.
This group decorates the front lobby with displays
exuding a seasonal feeling and undertakes activities to
warmly welcome visitors from the local area, from
around Japan and also from overseas.

3. Surroundings

The town of Yagi, home of the Yagi
Manufacturing Department, is located in the mountains
about 35 km northwest of downtown Kyoto (Fig. 3). The
plant sits on a high ground commanding a panoramic
view of the beautiful low mountain range surrounding
the facility (Figs. 1 and 4). It is blessed with a natural
environment that allows full enjoyment of the changes in
the four seasons. Located on the north side is
Mongakuike Pond furnished with a camping ground.
Here beautiful cherry blossoms bloom magnificently in
the spring, the songs of nightingales resound in early
summer, and a chorus of chirping insects can be heard
on autumn evenings.
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Fig. 4 Scenic view from the plant cafeteria

In this natural setting, the plant strives to be an
integral member of the community. Plant tours by
schools and other groups are actively welcomed, and
once a year the plant joins hands with the local residents
in putting on the JATCO Fiesta as a major community
event.

4, Future of Yagi Manufacturing De partment

Production launches of new transmissions are
scheduled for the Yagi Manufacturing Department in the
near future. When those units come into production, the
plant is expected to be one of JATCO's major
manufacturing centers in Western Japan.

Toward that end, the Yagi Manufacturing
Department is working closely together with employees
in related departments to make preparations for
producing high-quality transmissions that customers can
use with full satisfaction.

m (] Author =

Hiroyuki KATOU
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1. Control valve arrangement of automatic transmission

Application Number : 5-247263

Application Date : 10.4.1993

Patent Number : 3303037

Registration Date : 5.10.2002

Title : Control valve arrangement of automatic

transmission

Inventor : Ikuo Hirose
Functional Component Development
Department

O Summary of the invention

It is an object of the present invention to
provide a control valve arrangement of an automatic
transmission, which is attaining without enlarging the
control valve arrangement.

According to the present invention, there is
provided a control valve arrangement for use in an
automatic transmission having a transmission case. The
control valve arrangement comprises means defining in a
lower portion of the transmission case a recess having
therein a mounting surface, the mounting surface being
formed with outlet and inlet openings communicated
with fluid passages formed in the transmission case. A
valve unit is provided with a first valve body having an
upper surface put on the mounting surface and having
therein a hydraulic circuit. The first valve body has a
first given portion formed with inlet and outlet openings
mated with the outlet and inlet openings of the
transmission case when the first valve body is properly
put on the mounting surface. A second valve body is
provided with an upper surface put on a lower surface of
the first valve body and having therein a hydraulic
circuit. The second valve body is constructed to have the
same width as the first valve body so that the second
valve body has a second given portion located just below
the first given portion of the first valve body. A third
valve body is tightly mounted on the upper surface of the
first valve body and has therein a hydraulic circuit. A
first separate plate is interposed between the first and
second valve bodies and a second separate plate is
interposed between the first and third valve bodies. A
rod-like member passes through the second given
portion, the first separate plate, the first given portion,
and the second separate plate, and is detachably
connected to the mounting surface to tightly mount the
valve unit to the mounting surface.
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2. Automatic transmission learning control apparatus

Application Number : 6-298122
Application Date : 12.1.1994
Patent Number : 3374167
Registration Date : 11.29.2002
Title : Automatic transmission learning control apparatus
Inventor : Naonori lizuka
Control & System Development Department

O Summary of the invention

It is a main object of the invention to provide
an improved automatic transmission learning control
apparatus which can bring the gear shift operation
related parameter into agreement with its target value
regardless of gear shift operation modes.

There is provided, in accordance with the
invention, an automatic transmission learning control
apparatus for use in an automotive vehicle including an
internal combustion engine having a throttle valve and
an automatic transmission operable on a working fluid.
The automatic transmission learning control apparatus
comprises gear shift mode sensor means(a) sensitive to
one of gear shift operation modes, physical quantity
measuring means(b) for measuring a physical quantity
related to a gear shift operation made in the automatic
transmission, memory means(c) for storing parameters in
memory locations specified for respective gear shift
operation modes, updating means(d) for updating the
parameter stored in the memory location specified by the
sensed gear shift operation mode in a direction to bring
the physical quantity into agreement with a target value,
throttle valve position sensor means(g) sensitive to a
degree to which the throttle valve opens, working fluid
temperature sensor means(h) sensitive to a temperature
of the working fluid, limiting means(f) for limiting the
parameter to be updated between upper and lower limits
set for each of the gear shift operation modes based on
the sensed throttle valve position and working fluid
temperature, and control means(e) for employing the
parameter stored in the memory location specified by the
sensed gear shift operation mode to control the gear shift
operation.
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