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Autonomous driving is beginning to seem more real
owing to the R&D efforts being made by the automakers.
Meanwhile, other vehicles aimed in a completely different
direction are also in the limelight, such as the sports car
model that won the 2015 Japan Car of the Year award.
Vehicles are increasingly becoming much more diverse.
The reason why technological developments appear to
be proceeding in these contradictory directions is simply
that vehicles are an excellent partner for people in their
everyday lives. Vehicles are not used only as an efficient
means of transportation. They also fulfill an important role
for customers as a means of enjoying time and space while
traveling or as means of enjoying the act of driving. As
vehicles evolve to meet this diversification of customers’
needs and wants, transmissions have to also evolve together
with vehicles.

Environmental friendriness is one of the critical
attributes required of vehicles. Regulations on CO2
emissions are becoming increasingly tighter every year
in countries around the world toward the year 2025. At
the 2015 United Nations Climate Change Conference
(COP 21) held near the end of last year, the necessity of
adopting measures for restraining global warming was
reaffirmed as a shared global issue. Presumably, not only
the developed countries but also emerging countries will
tighten their environmental regulations at nearly the
same pace in the coming years. Accordingly, companies
will probably need to deploy their latest CO2 emission
reduction technologies in all regions of the world at
nearly the same time. In order to meet the stricter
requirements, for example, technologies are evolving
for downsizing the engine in conventional powertrain
systems. In this connection, transmission technologies
are also rapidly evolving such as dampers and other
devices with improved vibration damping performance.
Measures to cope with harsher driving usage must also
be devised for emerging countries, including post-BRICs
in particular where motorization is advancing rapidly.
Moreover, the attributes of drivers themselves are also
changing along with a broadening of their driving styles
and preferences. These trends include the issue of the
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pronounced increase in the number of aged drivers in
developed markets like Japan and the growing number
of entry-level drivers in emerging economies.

When one considers this diversification of requirements,
the performance demanded of transmissions can also
presumably be divided into two directions like in
the example mentioned above. One might be termed
a “rational” direction that pursues an efficient and
comfortable means of transportation unaffected by human
emotion. Fuel economy, comfort, safety and other aspects
are important performance requirements in this regard.
The other is an “emotional” direction that pursues a means
for enjoying driving pleasure in the very operation of a
vehicle. This direction emphasizes human emotion. A
directly connected feel, sportiness and a feeling of unity
between the car and driver are important performance
requirements in this regard.

Electrification is a typical example of the evolution
of environmental technology, and the number of hybrid
vehicles on the road is increasing every year. There is no
doubt at all that one of the major reasons why CVTs have
continued to spread widely especially in Japan is their
outstanding environmental performance. However, for
both hybrid vehicles and CVTs, it has become necessary
to propose value matching drivers’ emotion as a way of
further enhancing added value for customers, instead
of just providing good fuel economy. For example, one
technological advance for enhancing driving pleasure
is optimal shift control, which has already been widely
adopted in our transmissions to detect the driver’s intention
to accelerate, as exemplified by Adaptive Shift Control.
Through collaborative operation with the car navigation
system, this shift control technology further enables
drivers to enjoy optimal driving pleasure on mountainous
or winding roads.

Such control technology can easily be embodied in
CVTs with their high level of shift flexibility to enable a
fine-tuned response to drivers demands. Much is expected
of CVTs as a technology for delivering both rational
performance contributing to greater efficiency such as
improved fuel economy and also emotional performance
for providing driving pleasure. In this respect, the further
evolution of CVTs in the years ahead is strongly desired.

If vehicles are to continue to be an excellent partner
for people in everyday life, it is indispensable to meet
the demands of both the social environment and drivers.
That means providing both environmental performance
and driving pleasure. It will be increasingly important
in the coming years to further refine and optimize our
ability to accomplish that. That is the mission of the
transmission industry in order to continue to contribute
to motorized society. At JATCO, we will continue to
listen intently to the needs of both people and society
at all times as we proceed with our ceaseless efforts to
develop technologies for contributing to the motorized
society of the future.
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Summary InAugust2015,JATCO launched production
of the Jatco CVT7 W/R for use on compact segment vehicles
at JATCO Guangzhou Automatic Transmission Ltd. (JGZ)
located in the city of Guangzhou in Guangdong province
in China. This article describes the background behind the
planning and development of the CVT7 W/R, focusing on
the market response to the Jatco CVT7 released in 2009,
the trend toward 2-pedal vehicles in the compact segment,
and the Chinese government's environmental regulations,

among other aspects.
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1. Introduction

In July 2009, JATCO began producing the smaller,
lighter Jatco CVT7 featuring an auxiliary gearbox and
providing improved fuel economy. This small-capacity
CVT is suitable for application to the entire spectrum of
front-wheel-drive (FWD) small vehicles, ranging from
minivehicles to the compact segment. The cumulative global
production volume of the CVT7 reached 8.34 million units
in September 2015. Based on in-house research, it has an 8%
share of the global transmission market for FWD vehicles
having a torque capacity of up to 160 Nm. The main targets
envisioned for the CVT7 in the planning and development
stages were minivehicles in Japan and A-, B-, and
C-segment vehicles in Japan, Europe and North America.
Following its release, however, the sales volume grew along
with the expansion of the vehicle markets in China, ASEAN
countries and Central and South America. As the markets
and sales volume of the CVT7 continued to expand globally,
new customer needs emerged that could not be met by the
CVT7 alone. Accordingly, it was concluded that anew CVT
embodying various performance improvements should be
planned, which led to the development of the CVT7 W/R.



Aims of the Jatco CVT7 W/R Project

30,000

= Africa

South Korea

25,000

20,000

15,000

10,000

(volume: k units / year)

5,000

NAFTA

Middle East

" India

5 ASEAN

¥ South America

¥ Japan

B Europe (incl. RUS)

N
N
N

B China (incl. TWN)
Source : THS 2015 Production Forecast

Fig. 1 Sales volume of 100-160 Nm FWD vehicles by region

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

il

2020
China

0%
2014
China

2014
EUR

2020
EUR

EAT ®DCT =CVT

2014
ASEAN ASEAN India

2020

.i-;

2014 2020 2014 2020
India South  South
America America

SAMT ®MT ®EV/HEV

Source : THS 2015 Production Forecast
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2. Market Trends for 2-pedal FWD Vehicles
in the Compact Segment

The size of the global market for FWD vehicles having
a maximum engine torque range in the 100-160 Nm class in
the compact segment is currently around 22.8 million units
annually, accounting for 36% of all FWD vehicles. Two-pedal
vehicles are increasing in the Chinese market, which has the
largest sales volume in this vehicle torque class by region

(Fig. 1). Vehicles fitted with a stepped automatic transmission
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account for the largest market share among 2-pedal vehicles
in China, followed by CVT-equipped vehicles (Fig. 2). It is
projected, however, that the share of CVT-equipped vehicles
will increase further towards 2020. Apart from the Chinese
market, customer needs are changing elsewhere on a global
scale with respect to (1) compliance with environmental
regulations and (2) expectations for improved driveability. It
was felt that product attributes meeting those needs should
be reflected in the planning of the CVT7 W/R. In view of
the trend toward tighter environmental regulations and
the expanding scale of the vehicle market in China, it was
decided to deploy the CVT7 W/R first in the Chinese market.

3. Transmissions demanded for 2-pedal Vehicles
in the Chinese Market

The Chinese market is currently the largest growth
market for vehicles worldwide. A transition is under way
from manual transmission vehicles to 2-pedal vehicles
among vehicle manufacturers in joint ventures with
European, American, Korean and Japanese automakers.

The Chinese government has adopted a policy of
tightening environmental regulations as a measure for
curbing worsening air pollution. Every vehicle manufacturer
is now facing the urgent task of complying with a tough
CO2 emissions regulation that sets a target of 117 g/km in
2020 (Fig. 3). Therefore, it was necessary to plan a CVT
capable of contributing to improving vehicle fuel economy
through further improvement of the powertrain efficiency
of the CVT7.
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An analysis of evaluations by CVT users showed that
along with the excellent fuel economy obtained with CVTs,
smoothness was also highly rated. However, it is undeniable
that a gap exists with other types of transmissions in terms
of the CVT'’s ability to respond to and track the driver’s
operation of the accelerator pedal. In order to enable
drivers to feel greater driving pleasure and excitement, it
was decided to focus efforts on improving responsiveness
as a means of enhancing the direct feel of power delivery
provided by the CVT7 W/R (Fig. 4).

In addition, the new CVT was premised on the
assumption that the packaging would continue to be
mountable on the vehicle platforms to which the CVT7 is
fitted. This meant that methods had to be studied for avoiding
any appreciable increase in size due to the measures to be

adopted for improving fuel economy.
4. Product Concept of the CVT7 W/R

In order to respond to the aforementioned changes in
expectations for the type of transmission demanded by
the market for 2-pedal vehicles, measures for updating
the CVT7 were refined into a flagship model that was
incorporated into the planning of the following product
concept of the CVT7 W/R.

@ 3% improvement in fuel economy by expanding ratio

coverage by 20% and reducing friction (Fig. 5)

@ Improvement of direct feel by adopting new control

procedures

@ Assurance of packaging mountable on compact

segment vehicles
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5. Conclusion

The CVT7 W/R was planned as a new unit capable
of responding to new needs that could not be met by the
existing CVT7 alone. Higher fuel economy was achieved
by expanding the ratio coverage by 20% and adopting new
technologies for reducing friction. New control procedures
were applied to improve the direct feel of power delivery
matching drivers’ sensibilities. Steps were taken to assure
packaging that would maintain excellent mountability.
These and other measures were incorporated into the
planning of the CVT7 W/R to achieve a unit that was
successfully launched to meet new market needs. That
we have now reached the point of publishing this special
feature focusing on the CVT7 W/R in the JATCO Technical
Review fills me with deep emotion. In this opening article
of the special feature on the CVT7 W/R, I would like to
take this opportunity to profoundly thank the many people
involved both inside and outside the company for their
invaluable cooperation in overcoming numerous issues that

led to the successful completion of this project.
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Summary Over nine million units of the Jatco CVT7
which is the world first CVT with an auxiliary gearbox have
been produced in the six years since it went into production in
20009. Initially, the CVT7 was mainly marketed in Japan, and
subsequently it was also deployed in China, North America and
other global markets. Global marketing has mainly targeted
application to small vehicles in particular. It has become
necessary in recent years to respond to customer requirements
in each geographical region individually. This involves
satisfying not only customers switching from a stepped
automatic transmission such as in Japan and North America,
but also those in markets where manual transmissions are
the mainstream. Requirements concerning driveability now
differ from what they were before. There is also a need to
comply with tighter fuel economy standards in China and the
heightened interests of customers in other regions. Therefore,
the Jatco CVT7 W/R (Fig. 1) was developed for customers
who require wider ratio coverage than that of the CVT7.

1. 1FC®IC
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1. Introduction

The recent trend in global vehicle registrations clearly
indicates that the number of vehicles being registered
will undoubtedly continue to increase in the coming
years. Small vehicles account for approximately 30% of
the total registrations and represent an important market
segment with a high volume of about 24 million units.
An examination of the small vehicle segment in terms
of the types of transmissions used reveals that two-pedal
gearboxes accounted for 35% of the total in 2015. Their share
could possibly expand to as much as 40% by the year 2021.
There are strong demands in countries around the world
for improved fuel economy, and small vehicles are seen as
being necessary for complying with tighter fuel economy
regulations. Meanwhile, in addition to fuel economy, there

are also demands for improved driveability so as to respond
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Fig. 1 Jatco CVT7 W/R

F72, BHERE DAL —AED T, MO A3y
YIVERTH S, 72U RHERRINEIRED S A L7 Mk
ZBWTIE, IOV AIv Y arkENH LI LR R
OELEG o7,

Aolal, RS HAR A NRCVTTHHCVTTR R — UL,
COFAVIMEICHEHL, Fi7 75 X, Frifil iz ik At
CECHEYEN FAEBL. T2, mEAMRE BRI
EZHRE, VKOPDTFNA AR T 52ET, BB
PEREL XHITHEAL X R A LRI L7z, & Phsem Bick
BN =TV IO BIIR/NBEL, NRTHES D
DBHBINr =0 ThF—T T HIELEBLTVA5,

MZT, ZBOCVTT W/RIZ, A HERIBRO =1
WMALBPHEOEMTH o728, YYhaklLTHEhb
< — ik 2 =y bR HM L RZ B U B ARE L B
WF YLD, B LRSS0 L3528 T, %
BB il Wi OEmbTELH S 1%
FOZEMNTE/ .

2.CVT7 W/RDIHE

2.1. @RIV ETH

BIZE SRS /NI CVTR R — RS, Rk KD
LNL/NRICVTA ST, DLTZarte7hel7:
1) K54 Y54 Dh] L
2) BREVEREO I |k
3) AINRUVHLZIE R TR B30 — D 0 7T DR
4) XY =ML =y N T L DAL TO A BE . BT

110l

to global market needs, including more diversified driving
environments and ways in which customers use their
vehicles.

A CVT enables seamless control of the engine speed
and allows the engine to operate in the region of its best
combustion efficiency. CVTs also have an advantage
over other types of transmission in terms of providing
smooth start-off acceleration and shifting. However, it was
previously necessary to admit that CVTs still had a gap with
other types of transmissions with respect to a direct feel of
power delivery when starting off or accelerating.

The Jatco CVT7 W/R described here incorporates
various new devices and new shift control procedures to
deliver improved driveability, focusing especially on this
direct feel. Developed around the CVT7 which is an existing
small-capacity CVT with an auxiliary gearbox, this new
CVT also adopts several devices specifically for meeting
rising demands for better fuel economy and its performance
in this regard was also successfully further enhanced. The
impact of each of these performance improvements on
packaging was kept to a minimum, thereby retaining the
compact, highly competitive package of the base model.

Moreover, at the time production of the CVT7 W/R was
launched, the first units were delivered to a Chinese vehicle
manufacturer. This meant that JATCO faced the first-ever
challenge of launching production of a new mother-class
unit initially at an overseas assembly plant. In this regard,
by further increasing the percentage of parts procured
locally, we reduced the effects of exchange rate swings and
also shortened the parts delivery time to give the new unit a

high level of competitiveness.

Fig. 2 Cross section
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Table 1 Specification

Item CvT7 CVT7 W/R
Torque capacity 150 Nm <«
Gear ratio |Ratio coverage 7.3 8.7
Pulley ratio 2.200~0.550 2.200~0.458
Final gear ratio 3.753 3.673
Planetary gear ratio|1st 1.821 «
(Sub transmission) |2nd 1.000 -«
Rev 1.714 <«
Distance between Pulley axles 147 mm <
Distance between 1st and 4th axles 183 mm =

2.2. EHE&Z ARy Y

LFilar 7N TR EZ#EDTE/2CVTT W/RIZ, LA
TOARy I THEMEREZEBL TS, CVTTOLA T
MBI (Fig2), K HiEIZCVTIHE BT, &
G IOBLI =T TR B EDHL YA NNy TR
7.30°58. 7YKL 7z (Table 1).
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2. Overview of the CVT7 W/R

2.1 Development concept
The CVT7 W/R was developed based on an existing
small-capacity CVT with an auxiliary gearbox and in line
with the following concept so as to achieve a compact unit
capable of responding to diverse market requirements.
(1) To improve driveability
(2) To enhance fuel economy
(3) To maintain a compact package mountable on small
vehicles
(4) To launch initial production of a mother-class unit for

the first time at an overseas assembly plant

2.2 Main cross section and specifications

The CVT7 W/R that was developed according to the
concept outlined above has the specifications shown in
Table 1 to achieve the desired performance attributes. It
inherits the layout of the base CVT7 (Fig. 2) and keeps the
same distances between the shafts as the latter unit so as to
maintain competitive packaging, yet the ratio coverage has

been expanded from 7.3 to 8.7.

3. Technical Measures Adopted to Achieve
the Product Concept

This section explains the technical measures contributing
to the attainment of the product concept.

3.1 Improvement of driveability
3.1.1 Driveability of a CVT-equipped vehicle

In terms of the effect of the transmission on driveability,
two indices were defined that were both to be achieved
in developing the CVT7 W/R, namely, direct feel and
smoothness (Fig. 3). A CVT provides superior smoothness
when starting off and shifting, but has previously lacked
a satisfying direct feel of power delivery. In contrast, a
manual transmission (MT) suffers from jerkiness when
starting off and shifting but provides a better direct feel. In
short, it was reasoned that improving the direct feel of the
new CVT would have the effect of enhancing driveability.

In developing the CVT7 W/R, the desired direct feel
was defined in terms of three indices: linearity, quick
response and connected feel. New devices and new shift
control procedures were incorporated in the CVT7 W/R to
enhance linearity and the connected feel with the aim of

improving its direct feel (Fig. 4).
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Direct feeling
— 1. Linearity relatetive to accelerator pedal angle

— 2. Quick response

— 3. Connected feel

Fig. 4 Three elements defining direct feel and
evaluation indices

3.1.2 Improvement of linearity

The target set for linearity was to obtain an ideal
approximate straight line such that the acceleration (G)
peak continuously rises as a function of the accelerator
pedal angle when the latter is plotted on the horizontal axis
and the acceleration peak on the vertical axis. The deviation
from that line was defined as the index of linearity. The
graph in Fig. 5 compares the CVT7 W/R and the CVT7 in
terms of this index. It is seen that the deviation of the CVT7
W/R from this approximate line is suppressed, indicating
that it provides better linearity than the previous unit.

Start-off slip control was adopted for the CVT7 W/R
to achieve this improved linearity (Fig. 6). This control
contributes to improving linearity by inhibiting an excessive
rise in engine speed and the generation of excessive G,
especially when starting off under a condition of a small
accelerator pedal angle. In adopting this start-off slip
control, it was necessary to improve the durability of the
lockup clutch facing because the lockup clutch would be
used more frequently owing to the expansion of the lockup
operating region. For that reason, a new lockup clutch facing
was also adopted.

To quicken the engagement of the lockup clutch right
after vehicle launch, the pressure is raised to a level just
before the operating point of the clutch at the time the driver
releases the brake pedal. After the driver depresses the
accelerator pedal, the system learns the initial pressure and
then raises the pressure according to the optimal ramping
set for each accelerator pedal angle so as not to cause any
fluctuation in vehicle longitudinal acceleration exceeding the
allowable level. Subsequently, the pressure is controlled to
match the change in the slip speed of the lockup clutch, while
detecting any difference from the target speed. This pressure
control procedure achieves a good balance between the lower
vehicle speed for lockup operation and other performance

parameters such as driveability, noise and vibration.
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3.1.3 Improvement of connected feel

CVT-equipped vehicles have tended to be evaluated as
having a disconnected feel because of the low correlation
between the rising engine speed and increasing vehicle
speed. The index defined for the connected feel is to raise
the engine speed at an optimal rate of increase matching
the vehicle acceleration. Figure 7 presents a graph that
compares the CVT7 W/R and the CVT7 in terms of this
index. It is seen that the engine speed and vehicle speed
rise together with the CVT7 W/R. This makes it possible
to create a more direct feel compared with the acceleration
feel obtained with the CVT7.

A new shift control called Dynamic Step Shift
(D-STEP) was added to achieve this improved direct feel.
At small accelerator pedal angles, the transmission shifts
so as to trace the line of optimal fuel efficiency, giving top
priority to fuel economy, which is a distinct advantage of
CVTs. In acceleration events where the driver depresses
the accelerator pedal to a medium or large pedal angle,
the vehicle speed and the engine speed rise together with
a unified feel in responding to the driver s demanded
acceleration. Moreover, step-like shifting action has also
been adopted to eliminate the unnatural feeling of the
engine speed being maintained at the top speed level, which
happened with previous CVTs. As a result, the CVT7 W/R
delivers an enjoyable, rhythmical driving feel without any

torque discontinuities.

3.2 Improvement of fuel economy
3.2.1 Expansion of ratio coverage

The ratio coverage of transmissions has continually
been expanded in recent years. The CVT7 achieved ratio
coverage of 7.3 by incorporating an auxiliary gearbox
while at the same time maintaining a compact package. The
CVT7 W/R further expands the ratio coverage to 8.7, yet it
still retains a package capable of being mounted on small
vehicles.

Ratio coverage of 8.0 would be fully sufficient if one
only considers the fuel economy test modes applied to small
vehicles in various countries throughout the world. However,
wider ratio coverage improves fuel economy by allowing a
lower engine speed in steady-speed driving at high speeds,
particularly in markets where vehicles often cruise at high
speed (Fig. 8). It also accommodates frequent use of the
lowest gear ratio in repetitive stop-and-go driving in various
markets without sacrificing fuel economy. Expanding

the ratio coverage has further refined the transmission’s
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contribution to attaining both the desired fuel economy and
driveability, thereby enabling the CVT7 W/R to respond to

more diverse market needs.

3.2.2 Improvement of transmission efficiency

The following technical measures were adopted for the
purpose of improving the transmission efficiency of the
CVT7 WI/R.

(1) New pulley and belt system

A new belt was adopted that further improves the torque
transmission capacity. As shown in Fig. 9, the surface of the
metal belt elements in contact with the pulleys was designed
with a finer groove pitch to increase the area of contact and
thereby improve the torque transmission capacity. Pulley
stiffness was also increased to ensure stable torque capacity
even in transient states of the belt position and during
shifting, which allowed the pulley clamping pressure to be
reduced. As a result of these measures, the transmission
efficiency of the pulley and belt system was improved by
approximately 5% under critical operating conditions.

(2) Downsizing of oil pump

The oil pump of the CVT?7 is built with a flow control valve
for circulating fluid internally to generate supercharged
pressure that prevents cavitation. However, the orifice friction
provided for operating the flow control valve increases
internal friction in the oil pump. To reduce pump friction,
the flow control valve was discontinued for the oil pump of
the CVT7 W/R (Fig. 10). Cavitation that would otherwise
occur as a side effect has been successfully inhibited by
changing the geometry of the suction port. As a result, oil
pump friction by itself has been reduced by approximately
30% compared with that of the oil pump of the CVT7.

Finer groove pitch Increased pulley
stiffness

Fig. 9 New belt and pulley system
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Changed the suction port
geometry

Fig. 10 Oil pump structure

(3) Reduction of fluid churning resistance

The main cross-sectional layout of the CVT7 W/R
continues the structure of the CVT7. However, a particle
method was applied to visualize the CVT fluid flow for
optimizing the geometry of the differential chamber and
the fluid drain passage from the planetary gear and clutch
chamber. The incorporation of these measures reduced fluid
churning resistance in the differential chamber by 40%
(Fig. 11).

(4) Adoption of low-friction sealed bearings

Low-friction sealed bearings were adopted in two
locations as pulley support bearings. The optimal seal
clearance was designed to prevent intrusion of foreign
particles and at the same time friction at the sealed bearings
was reduced by 47% compared with that of the previous
sealed bearings.

3.3 Assurance of packaging mountable on small vehicles
of
competitiveness of CVTs for use on small vehicles. Various

Packaging is also one of the parameters
measures were adopted to improve driveability and fuel
economy, but care was taken to obtain the maximum effects
while making minimal changes. As a result, the CVT7 W/R
secures the same level of easy mountability as the CVT7.
There are two major reasons for that. The first is that, while
the volume of the control valve increased due to the adoption
of an oil pump without a flow control valve as explained
above, among other measures, the increase was kept to a
minimum. That was accomplished by revising the clearance
between the oil pan and the control valve as well as the
groove geometry of the control valve in cooperation with
the manufacturing department. The other reason is related
to the strategy selected for expanding ratio coverage. With
the CVT7, ratio coverage could be expanded not just on the
basis of the pulleys, but also by changing the gear ratio of the
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1. Linearity
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auxiliary gearbox. A study was undertaken to compare these
two approaches, including the effects on other performance
attributes. As aresult, a choice was made to expand the High-
side ratio of the pulleys. This made it possible to maintain the
desired package size without changing the distance between
the pulley shafts, while also minimizing the effects on other

performance parameters and production facilities.
4. Summary of Performance Improvements

As a result of incorporating the technical measures
explained above, the CVT7 W/R achieved the following
performance improvements.

@ Driveability: Improvement of direct feel (Fig. 12)

The direct feel was improved by enhancing linearity and

the connected feel when starting off and also improving

the connected feel when re-accelerating.
@ Vehicle fuel economy has been increased by 3% in the

NEDC test mode by expanding the ratio coverage and

improving the transmission efficiency of the CVT.

Re-acceleration

1. Linearity

3. Connected feel

2. Quick response 3. Connected feel

2. Quick response

Fig. 12 Comparison of evaluation results for three elements defining direct feel
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5. First Production Launch of a Mother-class Unit

at an Overseas Assembly Plant

At the time production of the CVT7 W/R was launched,
this unit was to be mounted on vehicles produced in China.
This represented a “monozukuri” (manufacturing) challenge
because it was the first time for us to launch production of a
mother-class unit initially at an overseas assembly plant.

The assembly plant involved was JATCO Guangzhou
Automatic Transmission Ltd. (JGZ). Various additional
measures were taken in order to ensure the same level
of high quality as that of a production launch in Japan.
Simultaneously, risk management was carried out to avoid
any impact on the vehicle production schedule.

In addition, special activities were promoted to ensure
high quality, considering that many of the newly established
parts to be procured would be sourced from local supplier
partners in China.

Continuous teamwork among four monozukuri divisions,
including those at the local plant, was necessary in order to
ensure high quality and also launch production according to
the planned schedule. Information was shared regularly from
the stage more than six months before the official design
release for regular production. The departments involved
worked as one united team in taking action to quickly and

successfully resolve any issues that came up.

6. Conclusion

The development concept of the CVT7 W/R was
achieved by adopting the following technical measures.
(1) Improvement of driveability

The direct feel was improved by adopting start-off slip
control and D-STEP shift control.
(2) Improvement of fuel economy

Fuel economy was improved by 3% as result of
improving CVT transmission efficiency by expanding the
ratio coverage, adopting a new belt and pulley system,
applying a downsized and improved oil pump, and reducing
fluid churning resistance, among other measures.
(3) Assurance of packaging mountable on small vehicles

Packaging mountable on small vehicles was assured
along with improving fuel economy and driveability. That
was accomplished by expanding the ratio coverage while
making minimum changes, thanks to the optimal layout of
the control valve and the adoption of the new belt and pulley

system.
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carried out jointly between China and Japan and special
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activities to improve quality that were undertaken from
the initial stages of the project made possible the early
identification and resolution of critical issues. As a result,
we were able to smoothly launch production of the CVT7
W/R at JGX, which was the first time a mother-class unit
was put in production initially at an overseas plant.

CVT7 W/R is equipped with Nissan Lannia (fig. 13)
launched in October 2015 in China.

The author would like to express his deep appreciation
to everyone in the departments involved for their invaluable
cooperation and enormous efforts made to develop this new
CVT.

Fig. 13 Nissan Lannia

7. &3 #k /References

(1) Hiroaki Katase, Development to improve drivability of CVT
vehicle, 13th International CTI Symposium, Berlin, 2014.

B Authors H

Haruhisa NAKANO Yoshikuni KATOU Naotoshi OKUMURA

1181



Jatco CVT7 W/R %2 3E / J< U iff |

BHNT 0D 1O NEENCHEITDRLA—RTRI/MIIS LIS

Smooth Local Production Launch in an Overseas Project

WA mR

Naotoshi OKUMURA

i g™

Tsuyoshi TANAKA

¥ & TYbhaid2015%ECTatco CVTT7 W/R%E HIET
e EBIE L. AT, HAREHEED T TV 22 h A
YN=TCEDINTEEEL T =y D BT ER{T 72
PERAINT 5.

Summary JATCO released the new Jatco CVT7 W/R
in China in 2015. This article describes how the Japanese
and Chinese members of the project team worked closely

together to launch production of this new CVT.
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1. Introduction

JATCO released the world’s first CVT with an auxiliary
gearbox (Jatco CVT7) in 2009, which has subsequently
been adopted on many vehicle models. This CVT is highly
evaluated by customers and its cumulative global sales
have already surpassed eight million units. With the aim of
enhancing product quality further, JATCO developed the
Jatco CVT7 W/R, a wide range version engineered around
the Jatco CVT7 and featuring ratio coverage of 8.7.

Previously, JATCO's approach to developing a new
CVT was to develop and launch production of the unit in
Japan first and then later proceed to begin production at an
overseas plant. However, this time production of the CVT7
W/R was first launched at the company’s overseas plant in
China in connection with the rapid growth of vehicle sales
in the Chinese market. That represented an entirely new
challenge for us at JATCO.

2. Growth of JGZ

JATCO Guangzhou Automatic Transmission Ltd. (JGZ)
was established in 2007 and began producing the JFO11E
CVT for application to midsize cars in 2009. Subsequently,
JGZ launched production of the Jatco CVT7 for use on
small cars in 2011 and then started producing the Jatco
CVTS8 for application to midsize vehicles in 2013. From
the time of its establishment, JGZ has grown rapidly as
the production volumes have continued to expand steadily.
Now in 2015, it has a workforce of approximately 2,000
employees and is scheduled to produce 850,000 CVTs this

*7aY o MEER
Project Promotion Office

X (R IN) A B2 M A LA W] A BERRT R

Production Engineering Department, JATCO (Guangzhou) Automatic Transmission Ltd.
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year (Fig. 1). It has now become a core production center in
JATCO's global business operations. Since it was founded,
JGZ has built up its capabilities along with expanding its
production capacity, thanks to the implementation of local
staff training early on and supported by the youthfulness
(average age of 25), speed and motivation of its local
workforce. However, JGZ's lack of experience was an issue
that had to be overcome in order to ensure the successful
production launch of the Jatco CVT7 W/R at an overseas
plant.

3. Challenge to Launch a Mother-class Unit Overseas

In projects involving large-scale changes for mixed
production on our mass production lines, we have
experienced a lot of reworking not only at overseas plants
but also at our production plants in Japan. In addition,
because of the enormous scale of the changes to be made,
the project described here was positioned as a mother-
class project. Among the reasons for doing that, this was
the first time for production to be launched initially at an
overseas plant. Moreover, approximately 30% of the parts
of the Jatco CVT7 W/R were entirely new, though its basic
structure resembles that of the Jatco CVT7.

At JATCO, we had never before experienced the
restructuring of overseas production lines for mixed
production or the production launch of a mother-class
unit at an overseas plant. Consequently, a number of
challenging activities were undertaken to promote this
project.

@ Teamwork that straddled Japan and China among
R&D, production, purchasing and quality assurance
departments

@ Risk reduction activities based on past experience

@ Promotion of the project primarily by the local staff
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@ Advance production quality evaluations utilizing
JATCO’s “monozukuri” know-how
@ Assurance of production quality together with our
Chinese supplier partners
Previous experience and wisdom were marshalled and
shared with the local JGZ staff in order to fully accomplish

these activities and promote the project successfully.
4. Details of Overseas Project Activities

4.1 Teamwork among R&D, production, purchasing and
quality assurance departments

Naturally, teamwork among the R&D, production,
purchasing and quality assurance departments in the
“monozukuri” (development & manufacturing) divisions
was necessary for the successful promotion of the project.
Because this was an overseas project, additional efforts
were made to tear down the walls between departments
and to transcend departmental boundaries as much as
possible in order to promote timely progress management
for clarifying and resolving issues.

In the initial stage of the project, the project members
consistently made clear the problems involved in R&D at
regular project meetings and injected the know-how of the
people concerned at an early point as unified information.

The question of how to ensure a smooth production
launch in China was also discussed at these regular project

meetings.

4.2 Risk reduction activities based on past experience

Since the start of localization activities for JATCO
CVTs at JGZ in 2007, the skill levels of the local staff have
risen steadily in the process of successfully handling plant
expansion and production increases on multiple occasions
since 2011. On the other hand, the limited experience of
the local staff was still a formidable issue. As one measure
for bridging this lack of experience, we promoted risk
reduction activities. Issues were extracted from our own
past experience and ideas on how to address them were
shared with the local staff. Moreover, we endeavored
to anticipate potential issues in advance and undertook
effective activities to prevent them from occurring or to
implement improvements at an early stage.

To be begin with, a review was made of past projects
in which production lines were restructured for mixed
production. Based on the resulting knowledge, issues that

might occur in each process of the production preparations
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Table 1 Activities to reduce project risks

Process

Envisioned risks

Measures taken

Adhering to
the line
restructuring
plan

work progress
(resumption delay)

a progress meeting system
Centralized daily schedule management

Transport/customs clearance delays (bad
weather, sailing cancellation, customs
clearance trouble)

Factored risks into transport schedule
Listed up previous customs clearance troubles and solutions

Insufficient preparation of modified parts, jigs,
tools, gauges

Insufficient production/storage of parts; rust and
quality problems

Implemented rules for opening containers and storing parts
Adopted 2S(SEIRI,SEITON) storage system for every
machine

Insufficient confirmation of quality following line
restructuring

Thoroughly implemented an improved quality acceptance
inspection method

Resumption Added a quality confirmation check to daily work plan

of mass Postponement of plan due to insufficient

production | proocss capaciy folowing ine restucturing Confirmed process capacity before line restructuring work

Early ordering of listed spare parts and delivery management
'”5:’:'0";’"‘ e parts for replacing failed Storage of parts before line restructuring and use for
modified parts recovery from unforeseen troubles
. o Front-loading of trial production
T”a(; ) Delay in feeding back troubles in trial production | b civity for early identification of issues
roduction

P Unacceptable dimensions following heat Advance conduct of strain surveys in Japan and

treatment feedback of information on tools for use in China
orough confirmation by and validation

Iqr:jsau“f:;c\em confirmation of production line Thorough confirmation by FMEA and validat

Vertical

i Insufficient measures against mixed production | Incorporation of measures for mixed production (detection of

production | Insufici gai d prodi I g ' d prod d f
problems different types, selective use of gauges)

launch

Preparation of trial plan for work setups/applying

Insufficient learning in training ion:
sufficient learning in training sessions loads
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were identified and an effort was made to visualize such
issues.

Studies were undertaken in all of JGZ's departments,
including production engineering, production, inspection,
maintenance, production control, and purchasing, among
others. The local staff also participated in those activities.

The results of those studies of the series of production
preparation activities revealed a total of more than
100 issues extending across a wide range of areas:
simultaneous preparation of drawings in the development
process, arranging for procurement/transport of modified
parts, advance production/storage of parts, management
of the work schedule for restructuring production lines,
resumption of mass production after restructuring,
prototype production, intensive training before mass
production launch, quality in the initial stage of mass
production and ramping up of production.

Among them, critical issues were selected that were
likely to occur in each department and which should be
avoided early on. Measures for dealing with those issues
were then anticipated and plans for implementing the

measures were determined.

4.3 Project promotion primarily by the local staff

While the direction for the promotion of the project
became visible, another large and indispensable factor was
identified as a potential risk. That concerned changing
the consciousness of the local staff, who were actually in
charge of the activities, and the sharing of issues by the
local staff and the Japanese staff.

In the past, the Japanese staff were responsible
for carrying out the work from the planning phase to
the execution stage, and the local staff often played a
secondary role. However, this project had to be promoted
primarily by the local staff in order to restructure the
production lines and resume mass production within a
short period of time. That would involve marshalling
the capabilities of many local staff members, assigning
everyone a specific role, and making them primarily
responsible for carrying out the activities.

The Japanese staff compensated for the inexperience
of the local staff by examining potential risks and devising
measures for reducing them. Meanwhile, the local staff
were responsible for execution and monitoring progress.
They reported to the Japanese staff and obtained the
latter’s advice repeatedly, leading to closer communication

between both sides as the planning proceeded. As a result,
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the consciousness of the local staff was elevated, and most
importantly, issues were shared between the Japanese
staff and the local staff, enabling them to have a common
vector, which was critical. In this way, the production lines
were restructured and mass production was successfully

resumed in a short period of time.

4.4 Advance activities utilizing JATCO’s monozukuri
experience: GPEC@JGZ

JATCO’s prototype manufacturing section is mainly
responsible for promoting an activity called the Global
Production Engineering Center (GPEC) where mass
production methods are verified by achieving quality
equivalent to that of mass production primarily in the
manufacturing of die/mold prototypes. The aim of GPEC is
to facilitate simultaneous production launches at JATCO's
global production plants and to achieve excellent quality
products in a single production trial so as to advance the
refinement of high quality.

Besides involving the launching of production at an
overseas plant, another major issue in this project was to
shorten as much as possible the feedback cycle for the
results of the performance tests and quality evaluations
being carried out between Japan and China. At the
same time, it was necessary to strictly observe the trial
production schedule in which prototype production was
continuously carried out every month.

It was assumed that the key to the successful execution
of this continuous trial production schedule was to
anticipate and resolve as many major issues as possible
before the first full-scale production trial. Therefore, it
was decided to produce one trial production lot before
that stage at mass production plants. A trial production lot
was produced at two locations, at a JATCO plant in Japan
and at JGZ in China, to confirm in advance whether an
equivalent level of quality was obtained.

Members of JGZ's production engineering and
manufacturing departments came to JATCO'’s prototype
manufacturing department in Japan for the trial production.
They learned the techniques and methods involved in the
actual assembly work and parts inspection and fed that
knowledge back to the trial production in China. On the
other hand, members of JATCO's prototype manufacturing
department went to JGZ for the trial production lot
produced in China to confirm whether there was an
equivalent level of quality in the assembly work, jigs, and

quality evaluation methods and procedures.
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Fig. 4 First Jatco CVT7 W/R built at JGZ
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In addition, the initial plan was to start the trial
assembly work by bringing in pallets and jigs to the
training area for assembly operations. However, as the work
of restructuring the lines was divided up, the assembly
work training was advanced by taking advantage of times
when the lines were stopped briefly, such as during lunch
breaks and on days when the planned restructuring work
was temporarily suspended. Through the accumulation of
such persistent efforts, all tool prototypes were produced
using nearly the actual mass machining lines and mass
assembly lines.

In the trial production lot produced in China, the
actual mass production lines were used to machine
parts manufactured in house and to carry out assembly
operations. The results of advance evaluations of the CVTs
thus produced enabled the early discovery of over 150
issues in the revised part drawings, production facilities,
jigs, tools, measuring instruments, standard work sheets
and other areas. As a result, that contributed significantly

to stabilizing production quality at JGZ.

4.5 Quality management for parts procured from Chinese
supplier partners

A critical key to the success of this project was
to accurately convey to our Chinese supplier partners
the intentions incorporated in the drawings created by
JATCO'’s development team in Japan so that they could
carry out their monozukuri operations properly. For that
purpose, we carefully selected supplier partners, especially
for critically important parts, and visited their plants in
China any number of times.

As a result, that strengthened direct communication
between the staff of the local supplier partners and
JATCO'’s development team and helped to convey the
intentions and key points of the part designs. This activity
provided a real feeling that the training and change in

consciousness of the local JGZ staff had truly borne fruit.
5. Birth Pains

After carrying out the many activities described here,
we finally reached the trial production stage, but not all
of the issues had been resolved yet. Meetings attended by
both the Japanese and Chinese staff members to discuss
solutions continued every day until late at night. Day after
day the corrective measures proposed by the Japanese staff
were promptly implemented by the Chinese staff.
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Finally, though the combined total efforts of both
the Japanese and Chinese staff members, production was
launched right on schedule. This activity represented the
unity of One Jatco. The geographical closeness of JGZ to
Japan and the fact that overwhelmingly communications
could be readily conducted in Japanese were also greatly
helpful to us.

6. First Shipment Ceremony

After overcoming numerous hurdles, mass production
of the Jatco CVT7 W/R was launched on July 15, 2015
and a grand first shipment ceremony was held on August
7, attended by all the JGZ divisions. Everyone shared
expectations of this new CVT that will carry JGZ forward
in the coming years as well as the struggles endured so far
and a sense of accomplishment.

For JATCO and JGZ, the Jatco CVT7 W/R represents the
crystallization of strong teamwork. Through this project,
further progress was made toward One Jatco, and the
company took another step forward as the world’s number

one transmission manufacturer.
7. Conclusion

In this project, shared activities transcending
departmental boundaries were mounted to clarify issues,
implement advance solutions and reduce risks. The
promotion of the project primarily under the leadership of
the local JGZ staff worked effectively toward its success.

We hope that this experience will serve as the
foundation for successful production launches at JATCO's
global overseas operations in the future.

Finally, the authors would like to express their
profound appreciation to the local JGZ staff for their
splendid efforts to do their best and their excellent
cooperation as well as to everyone involved for supporting

this project.
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Summary Local is

accelerated from the standpoint of achieving manufacturing

production of CVTs being
operations unaffected by exchange rate fluctuations. In this
regard, there is also a need to localize the procurement of
locally produced component parts and materials. This article
describes the activities carried out to localize procurement

of locally produced special steel for making CVT parts.
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Fig. 1 CVT pulleys and gears made of special steel

1. Introduction

It is well known that efforts are moving ahead to
localize the manufacturing processes of transmissions
and parts in order to respond to the needs of global
customers. It is also desirable to adopt materials supplied
by local manufacturers for making transmission parts
from the standpoint of securing manufacturing operations
unaffected by exchange rate fluctuations. At JATCO,
we are promoting local procurement of special steel
particularly for making the pulleys and gears of CVTs.
As shown in Fig. 1, these parts require large quantities
of materials and significant benefits can be gained by
localizing their procurement.

This article describes the activities undertaken to
localize procurement of special steel for the pulleys made
at JATCO (Guangzhou) Automatic Transmission Ltd.
(hereafter JATCO Guangzhou). It focuses on the points
requiring attention and the items that needed confirmation
in promoting the procurement of materials from local

manufacturers whose products have been adopted.

2. Quality Required of Special Steel for Pulleys

The quality of the special steels used for automotive
parts has a large impact on the performance of the parts.
Accordingly, it is necessary to clarify how much influence
steel quality has on the performance of auto parts and

to maintain the necessary level of quality of the steel
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materials used. Moreover, the quality of steel materials is
closely related to the manufacturing process (Tablel). In
addition to verifying that the materials received comply
with the delivery specifications, it is also necessary to
actually visit the local manufacturer to confirm that its steel
manufacturing process is capable of stably producing steel
materials possessing the required delivery specifications.
The following sections describe typical quality
attributes required of special steel for making CVT pulleys
and the important items that must be confirmed in the steel

manufacturing process.

Table 1 Relationship between steel manufacturing process and steel quality

P Electric arc | Ladle Degassing Continuous | Heating Hot Billet Heating Bar
rocess . . . . .
furnace/ furnace RH/VD Casting — scarfing inspection — inspection
. Converter (Bloom/ Blooming (Internal & | Bar mill (Internal &

Quality Billet) mill Surface) Surface)

. : -—
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process \
O :Important

process hﬂj - | | 4 1 4 1
A Related — _— ___ - ——

:Relate | = —O -l N3

ZBloom | TETE g —~ T = g
— :Unrelated o 4
Billet /|- == === 7—-—————=|-——=—=—=—7 - =

Center void — — — © — — — — —
Chemical comp./
Hardenability © © ©
Cleanliness — o © © — — o — o
Segregation — - A © A — — — _
Internal flaw — — — © — — o ° ©
Surface flaw — - - © o o © © ©
Decarburizing _ _ _ _ _
depth © © © ©
Hardness (bar) - - © © o A - © -
Dimension/Bend - - - - - — = © ©
Microstructure/ _ o o o N A _ A _
Hardness(parts)
Grain size — — © © o — _ ° _
Distortion — o © © A — — A —
Machinability - o © o — A - A —
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2.1 Cleanliness (free of non-metallic inclusions)

Careful attention must be paid to the presence of non-
metallic inclusions near the steel surface because they can
lead to cracks or damage to parts in the parts manufacturing
process. Such inclusions can be produced in steel in the
manufacturing process from refining to continuous casting
or can get mixed in from external sources. Fig. 2 shows an
example of such non-metallic incursions (metallic oxides
and sulfides).
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Fig. 2 Example of non-metallic inclusions
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The following processes influence the cleanliness of
steel: (1) smelting time and degassing time in the second
refining process (ladle refining and degassing); (2) cross-
sectional area of billets and continuous casting rate in the
continuous casting process; (3) internal inspection process
of billets and bars. In addition to the results of the non-
metallic inclusion inspection conducted in accordance with
the ASTM E45A method, the control items in the important
processes listed in (1) to (3) above were confirmed at the

local steel manufacturer’s plant.

2.2 Reduction of variation in hardenability

The heat treatment applied to pulleys consists of
carburizing, quenching and tempering operations. The
interior hardness of pulleys is controlled through a
combination of the cooling rate during quenching and the
hardenability of the steel. Accordingly, variation in the
hardenability of the steel is a factor that causes the internal
hardness, i.e., internal strength, of pulleys to vary. In
addition, there are times when hardenability varies within
the same cross-sectional area of the steel. In these cases
as well, differences in the degree of transformation during
quenching can also cause dimensional variation due to
heat treatment distortion. For these reasons, it is desirable
to control the hardenability of steel within the smallest
possible range of variation.

Variation in the content of alloying elements such as
Mn, Si, Cr and others and segregation can lead to variation
in the hardenability of steel between manufacturing lot
and within the same cross-sectional area. In this work,
hardness was measured in the two faces specified in the
ordinary hardenability test in the JIS G 0561 standard. In

60
——1
50 2
Y} 3
\
~ 40 4
%4) — = =JIS lower limit
< 30 \ ——JIS upper limit
,2)
£ 20
jant
10
0
0 10 20 30 40 50
Depth (mm)

Fig. 3 Results of hardenability test
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addition, two other faces were added by rotating the test
piece by 90°and variation in hardenability was confirmed
in the same plane. An example of the hardenability test
results for locally procured steels are shown in Fig. 3. The
results confirmed that this manufacturing process displayed
a small degree of variation in hardness in the same plane.

2.3 Surface defect

The presence of a flaw in the steel surface like that
shown in Fig. 4 can cause a forging crack during the forging
process and greatly reduce the yield of steel forgings.

Suppressing the occurrence of such surface flaws and
also making sure that they are not overlooked and passed
on in the inspection process are crucial points here. Before
adopting locally produced steel, we confirmed that the
surface flaw inspection process for steel billets and bars was
capable of assuring the steel quality specifications required
by JATCO. Specifically, we confirmed the capacity of the
inspection facilities for detecting surface flaws, method of
correcting them and their frequency of occurrence.

2.4 Grain-coarsening resistance characteristic

At JATCO, we apply a vacuum carburizing process to
CVT pulleys at a carburizing gas temperature of 980 °C.
That is higher than the ordinary gas temperature and is
used to increase carburizing efficiency. One concern here
is that the original austenite grains might grow abnormally
during the carburizing process. An example of such
abnormal austenite grain growth is shown in Fig. 5. Such
grain coarsening can lead to a decline in fatigue strength
and impact strength, among other problems.

Fig. 5 Example of grain coarsening
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Fig. 6 Heat pattern of formaster test
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One method of controlling such abnormal grain growth
is to use the pinning effect exerted by ultra-fine precipitates
of AIN or Nb (CN) on gain boundaries to prevent them
from moving.(1-2) At JATCO, we use the pinning effect of
AIN precipitates to suppress abnormal grain growth.
In connection with the adoption of locally produced
steel, we verified whether it possessed the same grain-
coarsening resistance characteristic as that of steel procured
in Japan. That was done by conducting a formaster test
which simulated the hot forging process.
The test method and heat pattern applied are illustrated
in Fig. 6. A cylindrical test piece, 8 mm in diameter and 12
mm long, was cut from a steel bar and heated to 1250°C
followed by 60 % compression deformation and cooling.
After that, the heat pattern applied simulated isothermal
annealing. The test piece thus obtained was then vacuum
carburized at 950°C - 1020°C and the austenite grain size
was observed with an optical microscope.
Fig. 7 shows the relationship between the amount of
AIN precipitation and the carburizing temperature at which
grain coarsening occurred for steels procured locally and in
Japan.
The Al and N contents of the steel samples were
calculated using Eq. (3) proposed by Leslie et al. for the
solubility product of Al and N in steel (3) and Egs. (2) and
(3) derived from the stoichiometric composition of AIN.
Here, for convenience, the amount of AIN precipitation was
assumed to be that at 980°C.
Log [Al] [N] =1.03—=6770/T -+ (1)
Al -[Al] =0.658 <AIN> -+ (2)
N-[N]=0.342 <AIN> - (3)

where
Al, N: total content of Al and N in the steel
[Al], [N]: amount of Al and N dissolved in the steel
<AIN>: amount of AIN precipitation

As shown in Fig. 7, a comparison of the locally
procured steel and Japan-procured steel at the same level
of AIN precipitation showed that there was no significant
difference in the temperature at which abnormal grain
growth occurred. This confirmed that they possessed the

same grain-coarsening resistance characteristics.
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3. Conclusion

This

important items that were confirmed in connection with the

article has described typical examples of
adoption of locally procured steel for making CVT pulleys
and presented some of the locally confirmed results. The
activities undertaken confirmed the quality of the locally
produced steel and also that the local manufacturing
process satisfied JATCO's required specifications. After
fully confirming that the local process was capable of
maintaining the required quality, it was decided to adopt the
locally produced steel for making CVT7 pulleys at JATCO

Guangzhou.
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Summary This article describes the activities undertaken
to expand local procurement of purchased parts in the Jatco
CVT7 W/R (CVT7 W/R) project. These activities to expand
local procurement of parts included the front loading of the
investigation of parts suppliers, the setting of targets for
local procurement ratio and target attainment management,
and the setting of cost targets based on receipt at JATCO's
local plant as a measure for promoting target attainment.
In addition, measures were taken to strengthen quality
assurance for locally procured parts. Among other things,
these measures included the front loading of quality assurance
work, simultaneous activities, process audits, confirmation
of production workplaces, and confirmation of suppliers’
capacity to handle the production load. As a result, high local
procurement ratio and high quality levels were both attained.
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1. Introduction

Expanding local procurement of purchased parts is one
of the key activities for promoting overseas production of
CVTs from various viewpoints such as cost reductions.
This article describes the efforts undertaken to expand local
procurement of purchased parts in the CVT7 W/R project.

2. Expansion of Locally Procured Parts

Promoting the adoption of local parts is an important cost
reduction measure from the standpoint of reducing logistics
costs, customs duties and other costs that are necessarily
incurred when parts are imported. When importing
transmission parts into China from overseas, it is said that
logistics costs, customs clearance fees and other related costs
generally amount to around 5% of the price of the parts and
import duties from 6% to 10%. If local parts are adopted,
cost reductions can be achieved that are equivalent to these

various expenses involved in importing parts.
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Other benefits that can also be expected from local
procurement of parts include the reduction of inventory
in marine transit at the mass production stage and the

shortening of lead time to the adoption of design changes.

3. Expansion of Locally Procured Parts for the CVT7 W/R

Similar to other projects in the past, suppliers of
purchased parts were selected at an early stage of the CVT7
WI/R project. In order to expand local procurement of parts
in this project, the following activities were undertaken in
addition to the methods used previously.

(1) Front loading of the investigation of parts suppliers

(2) Setting of targets for local procurement ratio and target
achievement management

(3) Setting of cost targets based on receipt at JATCO's local
plant

The details of each of these activities are explained below.

3.1 Front loading of the investigation of parts suppliers

At a very early stage in the process of selecting
suppliers an advance study was made of whether local
parts procurement was possible or not. The details of the
study included efforts to discover new parts suppliers and
investigations of whether existing local suppliers were
capable of producing other new types of parts.

As a result, we were able to expand the number of
local supplier candidates. Through these activities a list
of potential local supplier candidates was prepared. That
list subsequently played an important role in the process of
determining local suppliers.

3.2 Setting of targets for local procurement ratio and target
achievement management

Clear targets were set for local procurement ratio in this
project and steps were taken to manage the achievement
of the targets. As a concrete measure for managing target
achievement, the prospects for attaining the cost targets
were quantified at the preparation stage of supplier selection
and the results were fed back to the selection process.

These efforts made it possible to accurately project the
degree of target attainment at the early stage of supplier
selection and to carry measures for managing target
achievement. In addition, the target attainment projections
were visualized and shared, which facilitated closer
collaboration among the departments involved as well as

smooth communication.
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3.3 Setting of cost targets based on receipt at JATCO's local
plant

In the process of selecting parts suppliers, targets were
set for parts procurement costs, and it was necessary to
attain those targets. In this project, the targets for parts
procurement costs were defined on the basis of arrival at
JATCO's local plant in China. In other words, selecting
local Chinese companies as parts suppliers would be more
advantageous for achieving the cost targets than importing
parts from overseas suppliers because of the elimination of
costs for logistics, customs clearance fees and import duties.

As a result of adopting this system, local procurement
ratio of parts for the CVT7 W/R were improved by
approximately 10% compared with the ratio for previous
CVT models.

4. Strengthening of Quality Assurance for Locally
Procured Parts of CVT7 W/R

Expanding local procurement of purchased parts made
quality assurance activities much more difficult owing to
communication issues stemming from language and cultural
differences and lead time issues related to geographical
distances, among other things.

The following sections explain the efforts newly
undertaken by JATCO (Japan) and JATCO (Guangzhou) to
strengthen quality assurance activities for locally procured

------------------------------------------------------------------

Planning stage i Development lot stage! Prototype lot stage | Trial Production stage ! After SOP

'
Y U |,
h i h

Front loading of the in:k/estigation of parts supbliers
— : :
Setting of targets for local procurement ratio

and achievemént management
—- '

Setting of cost targets
—_— i

' ' '
_____________ A e e L
T ) T

Front loading of qua':Iity assurance work

Simultaneous activities :through the participation o:f the related
1 divisions of both JATCQ (Guangzhou) and JATCQ (Japan)

' ' '
L e e e O

Thor‘:oughgoing process auditsiand confirmation
of production capacity prior to SOP

Production shop-floor audits under !
mass production conditions after SOP
D —

' ' '
_____________ Y 1

Fig. 1 Key points of activities and project schedule
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parts in the CVT7 W/R project. An outline of these efforts

is given below.

(1) Front loading of quality assurance work

(2) Simultaneous activities through the participation of
the purchasing, quality assurance, development and
manufacturing divisions of both JATCO (Guangzhou)
and JATCO (Japan)

(3) Thoroughgoing process audits and confirmation of
capacity to handle the production load prior to the start
of production (SOP)

(4) Planning of production shop-floor audits under mass
production conditions after SOP
The interrelationships between the details of these

efforts and the project schedule are outlined in Fig. 1.

4.1 Front loading of quality assurance work for locally
procured parts

Previously, quality assurance activities for locally
procured parts were carried out by transferring the
work involved to the local plant following the launch of
production at JATCO (Japan). This conventional method
achieved ample quality assurance in the past. However, for
the CVT7 W/R, the percentage of locally procured parts was
higher and coordination with local parts suppliers would be
handled in China. That meant JATCO (Guangzhou) would
naturally be mainly responsible for conducting the quality
assurance work in JATCO's organization. In short, the front
loading of quality assurance work involved transferring the
work to JATCO (Guangzhou) at a relatively early stage in
the project and the joint conduct of the work by JATCO
(Japan) and JATCO (Guangzhou).

Specifically, a system was established whereby the
Japan side closely followed up on the quality assurance
work done in the project by the Chinese staff at JATCO
(Guangzhou). This was accomplished through business
trips by both the Japanese and Chinese employees involved
in order to improve the skills of the Chinese staff through
on-the-job (OJT) training. Subsequently, the progress of
the quality assurance work was periodically confirmed and
the progress of the entire project, issues and the necessary
measures to be implemented were made clear. As a result,
the Chinese staff became able to execute the quality
assurance work fully on their own initiative and without any

omissions.
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4.2 Simultaneous activities for locally procured parts

In the course of adopting locally procured parts, not
only the purchasing division and the quality assurance
division but also the R&D division and the production
engineering division worked together to confirm the
production processes of the local Chinese suppliers. In
addition, the suppliers’ thinking regarding process design
was confirmed and opinions were exchanged, making it
possible to promote quality assurance activities through
the combined wisdom and knowhow of JATCO (Japan),
JATCO (Guangzhou) and the suppliers.

Specifically, a special team was formed comprising the
main members from each of the related divisions. The team
visited the production workplaces of the local suppliers and
confirmed the status of their production preparations and
actual products. Moreover, the work sheets and process
charts scheduled to be used after SOP were carefully
checked. These efforts made it possible to identify issues
over a wide range of levels and to implement more fine-

tuned process improvements than ever before.

4.3 Thoroughgoing process audits and confirmation of
capacity to handle production load prior to SOP

A standard procedure at JATCO’s global operations
is to conduct process audits as a means of assuring the
production quality of suppliers. New efforts were made
in the process audit activity for the CVT7 W/R. Prior to
SOP, the suppliers’ capacity to handle the process load was
verified on site, and efforts were made to identify issues
that might occur when production volumes were increased
as well as to confirm solutions in advance. That involved
conducting process audits multiple times before SOP. One
issue that had to be addressed to accomplish that was to
improve the auditing skills of the Chinese staff concerned
in the quality assurance division at JATCO (Guangzhou) so
that they could conduct audits smoothly.

To resolve that issue, training for the Chinese staff was
conducted in advance in the quality assurance division at
JATCO in Japan. As a result, the local Chinese staff were
able to take the initiative to conduct more detailed audits
than before in confirming the actual circumstances and
products at the local suppliers in China.

In addition, they worked together with the Tier-1
suppliers to confirm the production workplaces of the
Tier-2 and Tier-3 suppliers and to proceed smoothly with
preparations for process assurance and quality assurance.
It should be noted that the local Chinese staff were able to
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discover a wide range of issues as a result of the auditing

skills training they received.

44 Production shop-floor audits of mass production
conditions after SOP

The CVT7 W/R is now being produced at JATCO
(Guangzhou) and production of locally procured parts
is already under way. For the CVT7 W/R, workplace
audits were conducted once again under mass production
conditions, something that has never been done before.

The main purpose of those audits was to confirm that
remaining issues atthe time of the pre-SOP process audits had
been completely and effectively addressed in the production
workplaces. Supervisors at JATCO (Guangzhou)s plant
also accompanied the auditors to confirm the workplace
management conditions at the local Chinese suppliers and
also to reconfirm their quality assurance systems.

5. Conclusion

The foregoing activities made it possible to expand
local procurement of parts for the CVT7 W/R and to ensure
a high level of quality equal to that attained at SOP in Japan.

It should be mentioned that the activities described
here will be standardized and efforts are also under way to
reflect them in next-generation projects.

We would like to express our appreciation to all of the
suppliers involved for their invaluable cooperation with

these activities.

Masayuki SATO

Takefumi SUZUKI
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Strengthening of Quality Assurance in an Overseas Project
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Summary JATCO carries out quality improvement
activities continuously in close cooperation with automakers
and suppliers in order to deliver high-quality products to
our customers. This article describes examples of activities
that were implemented for quickly resolving quality issues

in an overseas market.
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1. Introduction

Demands for improvement of quality are continually
assuming greater priority in China where the vehicle market
keeps on expanding. This article describes specific examples
of activities deployed to improve quality especially in the
Chinese market.

2. Briefing Prior to Market Launch of the New CVT7 W/R

The CVT7 W/R incorporates various new technologies
for the purpose of improving fuel economy and quality.
JATCO conducted its first-ever briefing for the service
division of automaker customers to explain these new
technologies and their features. This briefing was held to
dispel any doubts that people in the service division feel
about CVTs in the course of their daily work. Another
purpose was to enable them to respond promptly and fully
to any inquiries they receive from customers or other people.

A wide range of detailed explanations were given on the
day of the briefing. We explained the improvements made
to enhance fuel economy and provide faster response for
vehicle launch compared with the existing CVT7. Stop-start
control was presented as a new mechanism, and the details
of measures taken to improve quality and reliability were
explained as well.

The attendees also asked many questions regarding
specialized knowledge. Answering their questions helped to
dispel doubts they routinely have about CVTs and deepened
their knowledge of CVT technology (Fig. ).

* UYha ORMN) HEVE#EREA BRAE] BBty — s DX ba (ORMN) BEVZEEEA RAT mE By — i

Quality Technical Center,
JATCO (Guangzhou) Automatic Transmission Ltd.

Quality Technical Department, Quality Technical Center,
JATCO (Guangzhou) Automatic Transmission Ltd.
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Fig. 1 Training scene for the new CVT7 W/R
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3. DR-V Activity

An instrumented drive recorder vehicle (DR-V) for
making automatic judgements has been newly deployed at
local vehicle assembly plants to confirm the quality of all
vehicles as they come off the assembly line (Fig. 2). This
is done in addition to the final testing at the CVT assembly
plant and the quality confirmation testing at the vehicle
assembly plant. The aim of this DR-V activity is to deliver
peace of mind, safety and satisfaction to our customers.

This DR-V activity makes use of completely new
automatic judgement functionality to inspect all vehicles
in driving tests. At the time an automatic judgment is
made, the system records what the driving conditions are,
which signals act as triggers and other relevant phenomena
that lead to the judgment. It also assesses whether the
driving pattern for satisfying the test conditions exerts any
influence on the vehicle production schedule and whether
safety is properly assured. The driving conditions were
determined through repeated trial and error done again
and again. Moreover, once the driving conditions were
finalized, the inspectors (test drivers at the vehicle assembly
plant) underwent thorough simulated driving education
and training repeatedly until they were able to drive stably
under the defined conditions. Everyone involved worked
closely together in unison to overcome any issues that were
discovered until the activity was successfully completed.

The DR-V activity makes use of actual data recorded
from actual vehicles at the assembly plant to ensure that
the attractive quality created in the development process
is reliably built into the vehicles, whether the production

volume is several thousand or several ten thousand units.

DR-V : oK
2 Judgment Verice f
S OK
JATCO -
NotOK | check the
éﬁggﬁ ' Data flo vehicle Return to plant
by drivin N K \ —
connection dat Rtyaair & Go through auto
Input DR-V Server ata judgment system again
data DR-V data analysis
stock

Fig. 2 Flow of DR-V activity
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4. TASK Activities for New CVT7 W/R: Quality Control
for New Model Launch

The TASK activities shown in Fig. 3 are carried out jointly
with the automakers to improve product quality in the field.
These activities confirm whether our products fully respond
to customers’ needs and wants. Activities for the new CVT7
W/R were carried out to achieve the following objectives.

@ To comprehend quickly and accurately the information
that customers want and to feed it back to the responsible
department so that it leads to early improvement of quality.

@ To deploy effective measures for improving quality
quickly that lead to better customer satisfaction.

In order to accomplish these objectives, it is essential to
gather accurate information on products in the field, share
it promptly and initiate suitable countermeasure activities
immediately. Toward that end, naturally the related
departments at JATCO and also the automakers exchanged
information daily. The progress of issues being worked
on was monitored closely along with any newly obtained
information. If necessary, a customer’s car was examined
so that the problem being experienced could be thoroughly
investigated and confirmed by actually driving the vehicle

under real-world conditions.
5. Conclusion

As a result of carrying out these activities to improve
quality in this overseas project, the time needed to obtain
information about issues of concern was shortened to one-
third of that required previously, and the time needed to
collect the parts involved was also cut in half. As a result,
the time needed for feedback and response to quality issues
in the field was dramatically shortened.

Such activities for improving quality are absolutely
indispensable. We intend to continue our efforts to promote
quality improvement activities in the future.
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Summary In 2009, JATCO released the Jatco CVT7,
the world’s first CV T to feature an auxiliary gearbox. Thanks
to its compact size and high fuel economy competitiveness,
the Jatco CVT7 has been widely used on minivehicles and
small cars. Eight million units of this CVT have already
been put on the market. Developed on the basis of the Jatco
CVT7, the Jatco CVT7 W/R improves driveability, expands
the ratio coverage, and enhances fuel economy through the
adoption of various measures for reducing friction, without
sacrificing compact packaging. This article describes the
technical features of the new variator system incorporated
into the Jatco CVT7 W/R, the wide range version of the
Jatco CVTT.
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Table 1 Features of Newly developed variator

Measures

(New flank geometry for High
friction coeficient

Target

1 improvement for
reducing oil pump
friction

High stiffness pulley

Fuel efficiency|

Mechanical logs |Smaller Rocking edge height

improvement ¢
reduction Smaller end play
Flexibility Smaller belt running radius
optimization for extending high ratio

1. Introduction

Based on the Jatco CVT7, the Jatco CVT7 W/R was
developed around the concept explained below so as
to achieve a compact CVT capable of meeting diverse
market needs. Table 1 outlines the technical measures that
were adopted to address various issues in the process of
developing a new CVT variator system for accomplishing
the target set for the new CVT7 W/R.

The element geometry of the newly developed belt is

shown in Fig. 1 in comparison with that of the previous belt.

Previous New

Fig. 1 Newly developed 24-mm belt
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Hardware System Development Department
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Experiment Department
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Fig. 2 Definition of flank geometry
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2. Development Aims for the New Variator System

A new variator system was developed with the aim
of further improving fuel economy in line with the
development concept defined for the new CVT7 W/R. One
notable feature is that the geometry of the belt elements
was changed for the purpose of enhancing fuel economy.
Another significant feature is that optimization of the pulley
stiffness made it possible to increase both the torque capacity
and ratio coverage. A new belt was jointly developed with
Bosch Transmission Technology B.V. (Bosch), our partner

in this belt development project.

3. Introduction of Technical Measures Developed for

Improving Fuel Economy

This section describes the specific details of the five

improvement measures listed in Table 1.

3.1 Improvement of variator friction coefficient

Oil pump friction was reduced as one means of
improving efficiency. Toward that end, the friction
coefficient () between the belt and pulleys was increased
and pulley thrust for clamping the belt was reduced.

3.1.1 Development of new flank groove geometry
Reducing pulley thrust for clamping the belt is effective
in reducing oil pump drive loss. To accomplish that, it is
necessary to improve the friction coefficient between
the belt elements and the pulleys. As one approach to
improving the friction coefficient, fundamental tests were
conducted under the design of experiments method using
the element flank geometry as the parameter. The results
revealed that the groove ridge pitch and flat area of the
ridges were effective parameters for improving the friction
coefficient. It was confirmed that the ridge pitch improves
oil evacuation performance and that the flat area contributes
to increasing the area of contact with the pulleys. Figure 2
illustrates the definition of the new flank geometry.
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Figure 3 shows the region of the viable flank geometry
in terms of the ridge pitch on the horizontal axis and the
flat contact area on the vertical axis. The viable region
lies between the area that is unacceptable due to poor oil
evacuation and the area that is unacceptable due to the

geometrical shape.

- Previous

New

Fig. 4 Comparison of element flank geometry

The new geometry reduces the ridge pitch by 30% for
the purpose of obtaining good oil evacuation. The top flat
area of the ridges was optimized and increased by 80%
for the purpose of expanding the area of contact with the
pulleys. The newly developed element flank geometry is
compared in Fig. 4 with the previous geometry. The results
of a tribological test confirmed that this new flank geometry

improved the friction coefficient by 5%.

3.1.2 Optimization of pulley stiffness

The application of hydraulic pressure causes the
pulleys to undergo elastic deformation, which reduces the
area of contact with the belt elements, thereby causing
the friction coefficient to decline. Therefore, one focus of
the development work was to reduce pulley deformation.
The new geometry increased the pulley stiffness by
approximately 30%, which improved the friction coefficient
by 5%. The effect of the pulley stiffness on improving the
friction coefficient is shown in Fig. 6.

The combined effect of these two measures worked to
improve the torque capacity by 10%. Figure 7 compares the
measured torque capacity of the new unit and the previous

unit.
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3.2 Technical measure for reducing mechanical losses
Internal friction of the belt was reduced for the purpose
of reducing the mechanical losses of the CVT7 W/R.

3.2.1 Reduction of relative slipping between belt elements
and rings

The belt is composed of two constituent parts: elements
and rings. During operation, relative slipping occurs
between the rings and between the belt elements and the
rings owing to differences in their radius of rotation. The
latter relative slipping is caused by the transmission of torque
at the place where the radius of rotation of the rings differs
in the area where the belt elements are wrapped around the
pulleys. (That part of the belt elements is referred to here
as the locking edge height.) In this development project,
attention was focused on the relative slipping between the
belt elements and the rings as a means of reducing internal
friction. The amount of relative slipping was reduced by
reducing the locking edge height of the new belt elements
by 20%.

The reduced radius of rotation is compared with the

previous distance in Fig. 8.
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3.2.2 Reduction of gaps between elements (end play)

As illustrated in Fig. 9, tiny gaps occur between the belt
elements in the process of transmitting torque. One cause of
such gaps is the stretching of the rings due to their elastic
deformation when thrust is applied to them. Another cause
is compression of the elements due to the compressive
force involved in transmitting torque. The elements work to
close the gaps as they repeatedly pass through the torque-
transmitting and non-transmitting regions, resulting in a
reduction of belt efficiency. Reducing the initial element
gap by 50% improved belt efficiency by 0.3%.

3.3 Expansion of ratio coverage

The Jatco CVT7 expands the ratio coverage by using
the auxiliary gearbox to switch between two ratio levels.
For the CVT7 W/R, the maximum High ratio was further
expanded on the High side.

Simply expanding the ratio coverage without changing
the size of the unit would reduce the running radius of the
belt on the pulleys. As a result, that would induce larger
bending stress in the rings than before. The rings of the new
belt are made of a new material that improves their service
life by approximately fourfold. That made it possible to
expand the maximum High ratio from 0.55 to 0.459 without
changing the size of the unit. The concept for expanding the

ratio coverage is outlined in Fig. 10.
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4 Ar
=) N BE Ratio coverage
%E %E Previous: 7.3
ag ] 1st New: 8.7
20 ]
s e . . e,
E2 igh ratio E£Z ond
£s Previous: 0.55 £ . )
s New: 0459 7 High ratio
Vehicle speed [km/h]' Vehicle speed [km/h]'

Fig. 10 Ratio coverage expansion obtained with the
new belt
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4. Conclusion

The Jatco CVT7 W/R features a new 24-mm belt that
Jatco was responsible for planning and developing. This new
belt contributes to a 5% improvement in the transmission
efficiency of the CVT7 W/R. It also contributed significantly
to the downsizing of the unit and helps to improve fuel
economy and driveability.

The authors would like to thank Bosch and everyone
concerned for their invaluable cooperation with the

development of the new variator system.
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Development of a High-efficiency Hydraulic System for the Jatco CVT7 W/R
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Summary There have been growing demands to
improve vehicle fuel economy in order to protect the global
environment, among other needs. The aim set for the Jatco
CVT7 W/R (Wide Range) was to achieve both a further
improvement in fuel economy and enhanced driveability,
which are conflicting performance attributes. This article
describes the measures taken to develop a high-efficiency
hydraulic system that was designed to reduce friction in the
CVT7 W/R and improve driveability.
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1. Introduction

A steel-belt CVT is constructed such that ratio changes
are accomplished by actuating large-diameter pulley
pistons, which requires a large fluid flow rate and high belt
clamping pressure. That means the hydraulic system, and
the oil pump in particular, must do a lot of work. Therefore,
improving the efficiency of the hydraulic system is vitally
important for improving fuel economy.

This article describes the development aims set for the
hydraulic system of the CVT7 W/R, presents an overview
of the system, and explains the issues that were addressed in
the development work.

2. Development Aims

(I) One aim was to improve transmission efficiency by
adding a pulley pressure regulator valve for setting the
optimal pulley pressure.

The layout of the added parts was optimized to
minimize any effect of the changes on the existing control
valve. The specifications of the pulley pressure regulator
valve were determined so as to obtain satisfactory pressure
stability and responsiveness.

These measures make it possible to set the optimal
pulley pressure, thereby improving transmission efficiency
by 3% over the existing base model.
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(2) A second aim was to reduce oil pump friction, i.e.,
pressure losses inside the pump, by discontinuing the flow
control valve of the oil pump.

This change would increase the flow rate into the control
valve, causing technical issues that had to be addressed,
including improving anti-wear performance and reducing

pressure losses.

3. Overview of Hydraulic System

The overall configuration of the hydraulic control
circuit has a hierarchical layout in which the pulley pressure
system that requires high hydraulic pressure is positioned
upstream and the torque converter pressure system is
located downstream. This hierarchical structure is the same
as that of the existing Jatco CVT7 (Fig. 1).

In comparison with the existing hydraulic circuit
configuration, the system for the CVT7 W/R is configured
with an additional large-capacity three-way linear solenoid
and a secondary pulley pressure regulator valve to reduce
the secondary pulley pressure relative to the line pressure
(Fig. 2).
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4. Issues to be Addressed

4.1 Issue due to addition of pulley pressure regulator valve
4.1.1 Optimization of control valve layout

In connection with the addition of parts for reducing
the secondary pulley pressure relative to the line pressure,
it was necessary to minimize any impact of these hydraulic
system changes on the production facilities for the existing
CVT7. Specifically, the layout of each spool valve and
solenoid valve was optimized so that the pressure transfer
positions in the hydraulic circuit and the bolt positions were
not changed (Fig. 3). That made it unnecessary to modify
the machining facilities of the transmission case to which
the parts added to the CVT7 W/R hydraulic system are
attached.

4.1.2 Assurance of pressure stability and responsiveness

Measures were taken to improve the prediction
accuracy of the pressure simulation model in order to study
the specifications of the pulley pressure regulator valve
for the purpose of achieving both pressure stability and
responsiveness. In this regard, the hydraulic circuit pressure
loss calculated with a 3D computational fluid dynamics
(CFD) simulation was incorporated into the model along
with a model for taking into account various complex
geometries, including spool valve notches.

These improvements made it possible to examine
the transient pressure stability and responsiveness by
simulation, which have been very difficult to predict in
the past. As a result, that made it possible to determine the
optimum design specifications (Fig. 4).
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Hydraulic vibration amplitude
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Damping orifice area

Fig. 4 Results for hydraulic pressure vibration amplitude
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4.2 Issue due to discontinuation of the oil pump flow control
valve

4.2.1 Approach for improving control valve anti-wear
performance

Discontinuing the flow control valve of the oil pump
would increase the flow rate into the control valve as shown
in Fig. 5. As a result, that would increase the pushing force
of the spool, making the anti-wear performance of the valve
body an issue of concern.

For the CVT7 W/R, the shape of the pressure regulator
valve was determined by CFD simulations so as to reduce
the pushing force (Figs. 6 and 7). That made it possible to
ensure ample valve body durability even against the force
produced by high flow rates (Fig. 8).

4.2.2 Optimum design of hydraulic circuit geometry for
handling high flow rates

There was concern that pressure losses in the flow
passage inside the control valve would increase owing to
the higher flow rate into the valve from the oil pump.

To address this issue, a 3D flow simulation was
conducted of the entire hydraulic circuit, making it possible
to design the optimum control valve body capable of
handling high flow rates (Fig. 9).
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5. Conclusion

In the process of developing the CVT7 W/R, parametric
studies were conducted by performing detailed pressure
simulations with a 3D CFD model, which resulted in the
optimal design specifications. Consequently, that made it
possible to achieve a high-efficiency hydraulic system for
improving the competitiveness of this CVT.

We plan to continue to improve CVT efficiency further
in the future by utilizing the improved simulation accuracy
and other improvements accumulated in the course of
developing the CVT7 W/R. We would like to express
our deep appreciation to everyone inside and outside the
company who contributed significantly to the development
of this hydraulic system.
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Summary An oil pump without a flow control valve
was developed and adopted for the new-generation Jatco
CVT7 W/R with the aim of reducing pump friction in order
to meet recent market needs for improved fuel economy.
This article describes the development of this oil pump.
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Table 1 Major specifications of pumps

CVT7 W/R CVT7
Installation configuration External External
Speed increase ratio 1.088 1.088/1.029
Basic displacement (cc/rev) 11.4 13.1/12.3
Oil pump type Vane Vane
Weight (g) 950 1050

1. Introduction

Oil pumps for CVTs have traditionally used a flow
control valve to return a portion of the fluid under high
pressure from the discharge passage to the suction passage.
This prevents air entrainment in the suction passage and
ensures an ample discharge flow rate even under a condition
where a high concentration of air is mixed in the fluid.

The oil pump described here was developed without
a flow control valve for the purpose of further improving
vehicle fuel economy. This was accomplished by eliminating
the flow resistance through the orifice for activating the flow
control valve and the annular leakage that occurs at the flow

control valve.

2. Oil Pump Structure and Features

2.1 Major specifications
Table 1 lists the major specifications of the oil pumps
used with the Jatco CVT7 and the CVT7 W/R.

2.2 Oil pump features

The schematic diagrams in Fig. 1 compare the flow
passage configuration inside the two pumps. The oil pump
of the CVT7 W/R is built such that all the discharged fluid
is sent to the control valve and the unnecessary portion is
returned to the pump. This differs from the conventional
structure where the fluid is returned from the flow control
valve. Consequently, the orifice previously provided

for activating the flow control valve was discontinued,
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making it possible to eliminate the loss P defined in the
following equation.
107 1
3 X[ Q107 |
3 60 . axio

where p denotes the oil density, Q the flow rate, ¢ the flow

1

P= JXIO” (1)

coefficient and A the orifice diameter.

Additionally, because fluid leakage from the flow
control valve is eliminated, the intrinsic discharge flow
rate Vth of the oil pump can be reduced. This allows the
torque TQ for driving the pump, as defined in the following
equation, to be reduced, which has the effect of lowering the
engine load and improving fuel economy.

Vih X P
7O = e @)

The discharge flow rate of the oil pumps and their drive
torque are shown as a function of the engine speed in Figs. 2
and 3, respectively. The discontinuation of the flow control
valve and optimization of the intrinsic discharge flow rate
of the oil pump effectively reduced friction by 30% without
any decrease in the actual discharge flow rate.

e=CVT7
==CVT7 W/R

Rotating torque [Nm]

Number of revolutions [rpm]

Fig. 3 Rotating torque of oil pump
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3. Technical Issues and Solutions

Examples of issues caused by the discontinuation of
the flow control valve include the occurrence of pressure
pulsations and noise in a condition where a large quantity
of air is entrained in the fluid. These issues were resolved
by applying the following approaches to the oil pump of the
CVT W/R.

@ Prevention of air entrainment by enlarging the

suction passage

@ Optimization of the pressure rise from the low

pressure chamber to the high pressure chamber

@ Reduction of air content in the fluid by optimizing

fluid flow inside the transmission

The measures implemented in this regard are described
in detail below.

3.1 Prevention of air entrainment by enlarging the inlet port

The vane oil pump used with the existing Jatco CVT7
is designed with an inlet port shape for optimizing the
return pressure from the flow control valve. For the CVT7
W/R, however, the shape of the inlet port was optimized for

inhibiting air entrainment.

| CVT7 WR

Fig. 5 Shape of camring

Figure 4 presents simulation results showing the pressure
distribution at the inlet port of the two oil pumps. With the
inlet port shape of the existing CVT7, unevenness is seen in
the pressure distribution under a condition where the return
pressure from the flow control valve is not applied. With
this shape, air is entrained at local low pressure areas.

The issue of this shape is that the narrow passage
just before the fluid enters the vane chamber induces
air entrainment. As a solution to this issue, a notch was
provided in the vane sliding surface as shown in Fig. 5.

Providing this notch expands the passage just before the
vane chamber, but it narrows the area of the vane sliding
surface and thus raises the surface pressure. Therefore,
the shape of the cam ring was optimized by carefully
determining the limits of the intake port area and the part

strength.
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3.2 Optimization of pressure rise from low pressure
chamber to high pressure chamber

With the structure where the return pressure from the
flow control valve is not applied, the pressure rise timing in
the pressure transfer from the low pressure suction circuit to
the high pressure discharge circuit is delayed, which tends
to cause pressure pulsations. This tendency is especially
pronounced when the fluid has a high air content.

As a measure to prevent this issue in the oil pump of the
CVT7 W/R, grooves are provided in the side plate, as shown
in Fig. 6, where the transfer from the low pressure chamber
to the high pressure chamber occurs in the vane chamber.
This measure achieves the same pressure rise timing as that
of the existing pump with the flow control valve.

The measured pressure rise timings with and without
the grooves are compared in Fig. 7, and the measured
pressure pulsation results are shown in Fig. 8. It is seen
that the pressure pulsations tended to decrease with a
longer groove length. However, making the grooves too
long would connect the low and high pressure chambers,
resulting in leakage that would lower the discharge flow
rate. Therefore, the groove length was optimally designed
by carefully determining the limit at which the discharge
flow rate would not decline.

o

o,

S ¢ ——- — e

—_ T

o ~

E Rt

= . .

2 || ¢High air content

Q

5 | OLow air content

ol

2

Q.

¢ NN U
= — h=p s

Groove length [deg]

Fig. 8 Oil pressure pulsation by the groove length
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3.3 Reduction of air content in the fluid by optimizing fluid
flow inside the transmission

In addition to improving the strength of the oil pump
against the air content in the fluid, the structure of the CVT7
W/R unit was also designed to inhibit air entrainment.

It was observed that fluid churning caused by the chain
for driving the oil pump increased the air content in the
fluid. In order to reduce the air content, it was necessary to
mitigate the colliding of the churning flow produced by the
final gear and that produced by the chain.

To accomplish that, the churning flow of the final gear
and that of the chain were separated. In addition, whereas
fluid splashing was previously suppressed by inhibiting
the churning flow of the chain, the fluid was deliberately
allowed to splash in a specific direction so as to reduce the
frequency of re-churning and thereby lower the air content
(Fig. 9).

Other structures were also adopted to reduce the air
content by optimizing the fluid flow inside the transmission.
These include a structure for actively draining fluid that
ingresses into the pulley chambers, a structure for reducing
churning produced by the final gear, optimization of the oil
pan shape and position of the oil strainer inlet, and reduction
of churning by lowering the fluid level. The adoption of
these structures reduced the air content by approximately
30% compared with the existing CVT7.

As shown in Fig. 10, the pressure pulsation level in the
CVT7 W/R was reduced below the target by lowering the
air content in the fluid, in addition to making the foregoing

structural changes to the oil pump.

Oil pressure pulsation [MPa]

Air content rate [%]

Fig. 10 Oil pressure pulsation by the air content rate
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4. The oil pump efficiency

Figure 11 compares the measured oil pump efficiency.
Volumetric efficiency was improved by eliminating
annular leakage and mechanical efficiency was improved
by eliminating flow resistance through the orifice for
activating the flow control valve. The effects of these two
improvements have boosted the overall pump efficiency to

the highest level among similar pumps worldwide.
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Fig. 11 Comparison of Oil pump efficiency
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5. Conclusion

In addition to the improvements made to the oil pump,
the overall system of the CVT7 W/R was optimized. That
allowed the flow control valve to be discontinued, which
was not possible previously, and enabled the oil pump to
achieve the world's highest level of efficiency.

Finally, the authors would like to thank the people
involved at KYB Corporation and many other individuals
inside and outside the company for their invaluable

cooperation with the development of the new oil pump.

Atsuyuki IDE
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Summary A dedicated CVT pressure sensor was newly
developed to help reduce the size and weight of the Jatco
CVT7 W/R and improve its efficiency. This pressure sensor
reduces the variability in pressure detection accuracy by
60% compared with the previous sensor. The 12-mm size
of the hexagonal nut for attaching the sensor is 50% smaller
than previously. The related details are explained in the
sections concerning the benefits of the new pressure sensor.
This article describes the development of this new sensor.
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1. Introduction

There are strong market demands for smaller, lighter
and more efficient CVTs for the purpose of improving
vehicle fuel economy. Achieving higher efficiency requires
more precise shift control, for which pressure sensors with
higher accuracy are indispensable. We reasoned that a
compact pressure sensor with improved mountability was
necessary for downsizing CVTs.

Compact gauge pressure sensors are mounted inside
vehicle braking systems. It was reasoned that this existing
sensor technology could be applied to downsize the
CVT pressure sensor and thereby accomplish one of the
requirements for a smaller, more accurate CVT pressure
sensor. However, the pressure range that must be detected
differs between the pressure sensors used in vehicle
braking systems and those used for CVTs. In addition, the
environment where the sensor is installed differs between
the two applications. For these reasons, it was necessary
to develop a new pressure sensor specifically for CVT
application (Fig. 1).

These two differences from the pressure sensors used
in braking systems were addressed as priority issues in
developing a new compact, high-accuracy, dedicated CVT
pressure sensor for the CVT7 W/R.

* R AT LB S
Hardware System Development Department

Experiment Department
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The priority issues were:
@ To achieve higher accuracy in the low pressure range for
CVT application
@ To develop a sensor for use in the CVT environment
The following sections describe in detail how these
issues were addressed in developing the new pressure

SEensor.

2. Improvement of Accuracy in Low Pressure Range for
CVT Application

2.1 Development issue and solution

A strain gauge was adopted in the pressure detection
section of the newly developed CVT pressure sensor as the
sensing element for detecting the amount of strain on the
diaphragm (Fig. 2). This type of sensor structure has a track
record of use in vehicle braking systems.

However, whereas the pressure sensors used in vehicle
braking systems detect pressures in the high pressure range,
CVT pressure sensors must be able to detect pressures in
the low pressure range. Consequently, the pressures applied
to the sensor diaphragm are low and the strain levels are
tiny. Considering the tiny strain levels to be detected and
given the variability among individual sensors, it was felt
that it would be difficult to achieve the necessary degree of
detection accuracy in the low pressure range required for
CVT application.

Strain sensing characteristics in the many different
temperature ranges and pressure ranges used in CVTs are
examined for individual sensors in the sensor inspection
process. The measured results are stored as calibration
values in the memory area built into the new pressure
sensor. Those values are used to compensate the output
value of the pressure sensor. This approach made it possible
to overcome the accuracy issue in this sensor development

project.

2.2 Benefit of newly developed sensor

The new pressure sensor achieves output accuracy
that is 60% higher than that of the previous sensor. This
improved output accuracy is achieved in a pressure range
of 0 MPa to 1.5 MPa, which is often used in CVTs, and in a
temperature range of 60°-100°C.
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3. Development of a Compact Sensor for the CVT

Environment

3.1 Development issue and solution

Because a CVT pressure sensor is installed inside
the transmission, the device is used in an environment
where it is immersed in the CVT fluid or mist. As a way
of downsizing the new pressure sensor, we considered
applying the technology of the gauge pressure sensor used
in vehicle braking systems. However, the difference in usage
environments gave rise to two issues, making it necessary
to establish a new pressure sensor structure.

The first issue involved detected pressure error owing
to the application of the internal pressure in the CVT on the
sensor interior. The second issue was concern about circuit
failure due to incursion of CVT fluid into the sensor.

A sealed gauge pressure sensor was newly adopted as
the sensor structure for addressing these two issues. Because
this type creates a sensing environment that is tightly sealed
from the sensor’s external surroundings, both issues can be
solved (Fig. 3).

Atmospheric . .
prcssu:l?c Pressure is measured with the
Guuge " e

pressure ﬂ

Reference
pressure

Fig. 3 Difference in reference pressure between sensors

Measured

pressure reference side open to the

atmosphere.

Pressure is measured in
Measured
pressure

Sealed gauge

relation to reference pressure
pressure

of zero with the reference

Ll by

However, adopting the hermetic structure of a sealed
gauge pressure sensor raised a new issue in that pressure
detection accuracy would be influenced by changes in the
internal pressure of the sensor due to temperature-induced
expansion and contraction of the air.

The accuracy of the pressure detected by the sensor
is determined by the amount of strain occurring in the
detection section. If the pressure inside the sensor changes,
the differential pressure of the pressure applied to the
sensor will deviate, causing accuracy to decline. Solving
that issue required a technique for reliably maintaining
airtightness so that the air pressure inside the sensor would
not leak out.

Figure 4 presents an example of the results obtained
when a simple 0-ring was applied as the sealing function
for maintaining airtightness. The output waveform shows

the occurrence of output drift due to leakage of the internal
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Fig. 5 Creation of tightly sealed sensor state
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Fig. 6 Comparison of sensor pressure sizes

pressure of the sensor under a condition of a constant
temperature. With this simple sealing structure, leakage
of the internal pressure of the sensor caused the amount
of strain in the detection section to deviate, thus causing
output accuracy to decline.

For the new pressure sensor, laser welding was applied
for the first time around the periphery of the sensor and a
glass seal was applied to the electrode section, as shown
in Fig. 5. These measures ensure stable output accuracy by

creating a completely sealed state.

3.2 Benefit of newly developed sensor

Figure 6 presents one example of a comparison of the
pressure sensor sizes. For example, the size of the hexagonal
nut for attaching the sensor was reduced by 50% from 24

mm previously to 12 mm for the new pressure sensor.

3.3 Mountability to control valve

The reduced size of the newly developed CVT pressure
sensor allows for the installation of three sensors on the
control valve of the CVT7 W/R. This smaller sensor size
contributed greatly to the downsizing of the control valve,
something that was not possible with the previous pressure

sensor (Fig. 7).

Newly
developed
sensor

Control valve assembly for CVT7 W/R

Fig. 7 Comparison of mountability on control valve

I 641



N - BREEMET Y ORRE

4. F&D

Fr R OME £ > O EAEEALIE, CVTT7 W/RIZBW
TNT—=MA VR EOMN EICEBL7:. CVTZ=v
OMELHELTD, by T 7T AD/NR A3 TE 7.

F72, IV TL—Tarra AoR#EbE Ry —
VR L& R - ANHE 2L, CVTO
ANEY R - PRI ISR T

KEFEICH 20, 2 ReHTH RT3 07X &
o —% - T — XV BRI B IO
WAL BIERE DT 2 R EHZ L 1T 5.

B Authors

4. Conclusion

The increased accuracy of the new pressure sensor
contributes to improvement in powertrain efficiency of the
CVT7 W/R. This new sensor is one of the smallest pressure
sensors ever developed for CVT application.

And a compact, high-accuracy pressure sensor was
developed by optimizing the calibration process and
adopting a new sealing method. This new sensor contributed
to making the CVT7 W/R smaller and lighter for improved
fuel economy.

The authors would like to deeply thank the people
concerned at Sensata Technologies, Inc. for their invaluable
cooperation with the development of the new pressure
sensor and also everyone else who contributed to this

development project.
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Summary The new Jatco CVT7 W/R with an auxiliary
gearbox was developed as an additional next-generation steel-
belt CVT for front-wheel-drive cars. This new CVT achieves
large improvements in driveability and fuel economy over
the existing base CVT with an auxiliary gearbox without
sacrificing the excellent vehicle mountability attributable to
its compact, lightweight package. Numerous new technical
features were adopted to achieve this performance.

This article describes one of these new technical
features represented by a new low-friction sealed bearing
that was jointly developed with NSK, Ltd. for use as a new
pulley-support bearing. This new sealed bearing achieves
optimal levels of both fuel economy and reliability.
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1. Introduction

The newly developed CVT7 W/R improves both
driveability and fuel economy without sacrificing the
outstanding vehicle mountability characterizing the existing
base model and attributable to the compact size and light
weight. To improve fuel economy in particular, the ratio
coverage of this new CVT was expanded and the friction
levels of various parts were reduced.

Figure 1 shows a friction breakdown for the existing
steel-belt CVT with an auxiliary gearbox. It is clear from
the figure that the bearings’ share of the unit’s overall
friction is too large to ignore. On the other hand, bearings
are precision parts that are indispensable to the quiet and
smooth transmission of power. The presence of scratches
or peeling on the rolling surfaces of the rolling elements
and raceways that are component parts of the bearings
can produce abnormal noise or vibration, which greatly
affects smooth driveability. One reported cause of such
problems is the intrusion into the bearing interior of hard
foreign particles that gouge the rolling surfaces.(1) Such

foreign particles include chips and wear debris contained in
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Fig. 1 Friction breakdown for existing steel-belt CVT
with an auxiliary gearbox
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the lubricating oil at the time of machining. One measure
against foreign particles is to exercise extreme care to
prevent their incursion during parts manufacturing and
transmission assembly processes. Another measure is to
apply sealed ball bearings wherever necessary to prevent
foreign particles from intruding into the interior of products.
However, conventional sealed bearings have had a problem
that the sliding of the seals produces friction torque that
increases friction.

Therefore, to achieve optimal levels of both low friction
performance and high reliability, we developed a new low-
friction sealed bearing for use in supporting the pulleys.
This article describes the technical details of the newly
developed bearing.

2. Performance Required of Pulley-support Bearings

Figure 2 is a cross-sectional view showing the structure
of the CVT7 W/R. As shown in the figure, a pulley-support
bearing is press fitted on both the input and output pulley
shafts. The function required of the bearings is to enable
each pulley to turn smoothly while supporting the tension
received from the CVT belt and the reaction forces of gear

meshing.

Secondary Front
Bearing

Fig. 2 Schematic structure of CVT7 W/R

Deep-groove radial ball bearings are often used as pulley-
support bearings because they possess load capacity suitable
for handling input loads such as the tension from the CVT
belt and the reaction forces of gear meshing, besides also
having a low level of rolling resistance. Figure 3 shows the
structure of the sealed ball bearing used as a pulley-support
bearing. As illustrated in the figure, the seal is formed of



BZUO 32— RTY 2 TDRZE

Cage Outer race

/ /

‘ Ball

]
i
-

Seal contact point

Seal

&

Inner race

Diagrams courtesy of NSK, Ltd.

_..-_'_--_‘_

Fig. 3 Structure of sealed ball bearing
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acrylic rubber in a lip shape surrounding the steel core bar. It
is fixed to both end faces of the outer race and the tip of the
lip slides in the direction of rotation while in contact with the
side surface of the groove provided in the inner race. While
this labyrinth seal structure prevents the incursion of foreign
particles into the bearing interior, its sliding motion produces

friction torque that causes greater friction.

3. Development of Low-friction Bearing

3.1. Development concepts
The seal of existing sealed ball bearings constantly
produces friction torque because it is designed with a
tightening margin against all sorts of conditions for the
sake of ensuring reliability. These include usage conditions
such as various loads and temperatures envisioned during
driving, dimensional tolerances of the component parts, and
deformation that occurs during assembly, among other things.

The following concepts were adopted for the development of

the new low-friction sealed bearing described here in order

to achieve both reliability and low friction.

(1) The seal must be able to prevent incursion into the bearing
interior of foreign particles exceeding an allowable size
even under the severest usage conditions envisioned and
accuracy fluctuations.

(2) The lip portion must not wear or suffer seizure even when
applied to the output pulley that rotates at high speed.

(3) In addition to satisfying the two conditions above,
friction torque must be greatly reduced by allowing
the largest possible clearance, referred to here as seal
clearance, between the lip tip and the side surface of the

inner race groove.

3.2. Relationship between seal clearance and size of
intruding foreign particles

An investigation was made of the relationship between
the amount of seal clearance and the size of foreign particles
intruding into the bearing interior. Operating tests were
conducted in lubricating oil containing foreign particles
using sealed ball bearings with three different levels of seal
clearance and an unsealed or open ball bearing. The foreign
particles used were steel grits having two different particle
diameter distributions. The operating test was conducted
for 24 hr under the conditions in Table 1 and then the
size of the foreign particles that intruded into the bearing
interior was investigated. The results are shown in Fig. 4.

The minimum size of the foreign particles used in the test
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Table 1 Conditions of steel perticle instruction test

Radial load 12800N
Rotational speed 2000rpm
Lubricant CVT fluid
Oil temperature 120C

Amount of steel perticles 0.2¢g/LL
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Fig. 5 Lubrication method
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Fig. 4 Results of particle intrusion test

is shown on the vertical axis in relation to the calculated
seal clearances of the sealed ball bearings on the horizontal
axis. As indicated in the figure, an upper limit of the seal
clearance was determined so that the size of the intruding
particles did not exceed the allowed value.

3.3. Relationship between seal clearance and wear and
seizure resistance

Under the assumption that the upper limit of the seal
clearance was adopted as mentioned above, conditions were
also assumed for the tightening margin of the seal that would
occur during actual operation due to the axial clearance of
the raceways and rolling elements, inclination of the inner
race and other factors. Because the output pulley shaft in
particular rotates at a maximum speed higher than 10000
rpm, there was concern that the seal might wear or suffer
seizure if the contact pressure due to the tightening margin
exceeded the allowable value. Therefore, prototype sealed
ball bearings with three different levels of tightening margin
were manufactured and seal durability was investigated in
high-speed operation under the test conditions shown in
Table 2. The method of supplying lubricant to the bearings
in the test simulated the lubrication condition in an actual
CVT. As shown in Fig. 5, forced lubrication was provided
from the bearing side and the quantity of lubricant supplied
was identical to that of an actual CVT.

Table 2 Wear test conditions

Interference of seal lip 250 um
Radial load ON
Rotational speed 10450rpm
Lubricant CVT fluid
Oil temperature 110T
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Fig. 6 Results of seal wear test
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Fig. 7 FEM analysis model

The results of the seal wear test are shown in Fig. 6.
The contact pressure on the vertical axis was found using
the finite element simulation model shown in Fig. 7. The
contact pressure was calculated with this model at each
seal tightening margin using the finite element method. As
shown in the Fig. 6, an upper limit was determined for the
seal tightening margin so that the contact pressure did not
exceed the allowable level on the lubricant drain side where

the lubrication condition was severe.

3.4. Confirmation of friction reduction effect

Friction measurement tests were then conducted to
confirm the effect of the low-friction sealed bearing that
was designed so as to satisfy both the seal clearance and
the upper tightening margin limit that were determined
as described above. In these tests a comparison was made
with the existing sealed bearing and an open bearing. The
measured results are shown in Fig. 8. The test conditions
were an operating speed of 1500 rpm, a CVT fluid
temperature of 80°C and a fluid height equal to the lowest
position of the rolling elements.

The results show that the new low-friction bearing
reduces friction by a large 47% from the level of the existing
sealed bearing, though the reduction does not equal that of
the open bearing. The newly developed low-friction sealed
bearing has been adopted in two locations, namely, as the
primary and secondary pulley front bearings as shown in
Fig. 2.



Development of a Low-friction Sealed Bearing for a Steel-belt CVT

4. FLD

PFFEOCVTT WROMREMEREZ ZEW T 572007
V7 va AR OEDELT, K77 ary— N RT
VTR, 7= HFFRTI T D2 IR L.

ZOEMFRELTIL, 1) HOWALSEM T TIFAEY
A XL LR DR AEBi LT HEEH12, 2) Il
7 =) O ¥ 5 s FCCH I A AR ] BB RS — L
SEEEFER, BATICLDRD, R#ELI—VTEERELY
HELT ZORER, RO —NRTY Y ZIHIR LT
47% D7) 7 a A E T e L7z,

BB, REEIZHIz-oTERETH xR\ I272w/zH
AR TR &4, BLOKE N O BRI & D
TRHOEELT.

5. &&HK

1) AHGE: AE) O RE LB ICHR T 2B I {niEL
& HER A0 Bl 52 DA B ), M7 A ROV AN, #59%,
117,708~ 714,— AL HIE N BRI A Ray—
43, 2014

B Authors

4. Conclusion

A new low-friction sealed bearing was developed for the
new CVT7 W/R as a friction reduction measure for further
improving vehicle fuel economy. The new bearing has been
adopted at two locations as pulley-support bearings. The
technical approach taken was to design the optimal seal
clearance for (1) preventing the intrusion of foreign particles
above a certain allowable size under all sorts of conditions
and (2) ensuring seal durability even under the maximum
rotational speed of the output pulley. The seal clearance was
determined on basis of experimental and simulation results.
As a result, friction was reduced by 47% compared with an
existing sealed bearing.

The authors would like to take this opportunity to
express their appreciation to NSK, Ltd. and to everyone
involved at JATCO for the invaluable cooperation received

in this development project.
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Summary Specifications for reducing churning friction
in the differential chamber were developed for the newly
developed Jatco CVT7 W/R (hereafter CVT7 W/R) with the
aim of improving vehicle fuel economy. The entire interior
of the transmission was modeled to facilitate calculations of
fluid flow occurring in the clearances between the internal
parts under transient operating conditions and also taking
into account gas-liquid mixed flow. This article describes the

use of CAE analysis to reduce churning friction.
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1. Introduction

Measures taken at JATCO to reduce fluid churning
include lowering the fluid viscosity and adopting baffle
plates. For the CVT7 W/R, fluid churning in the differential
chamber was reduced by just changing the specifications
of the chamber and auxiliary gearbox case. That was
accomplished by using computer-aided engineering (CAE)
to conduct fluid flow analyses for determining the optimal
specifications. As a result, the improved specifications
reduced churning friction in the differential chamber
by 40% compared with the friction level before the

improvement.

2. Development Aim

Churning friction in the differential chamber correlates
with the area of contact between the rotating parts and the
fluid. This means that it decreases as the gas phase region
without any fluid in the chamber increases. The quantity
of fluid in the differential chamber under CVT operating
conditions has been verified heretofore by conducting flow
visualization tests because of the difficulty of designing the
fluid flow throughout the entire transmission (Fig. 1).
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In developing the CVT7 W/R, specifications for
reducing the amount of fluid in the differential chamber
were examined by conducting fluid flow analyses under
operating conditions. The aim was to reduce churning
friction by just changing the specifications of the differential
chamber and auxiliary gearbox case geometries without
adding any baffle plates or other parts so as to ensure cost

competitiveness.

3. Issues

The key point for reducing churning friction in the
differential chamber was to decrease the quantity of fluid
and increase the gas phase region in the chamber under
transient conditions. Because the fluid circulates internally
in a CVT in a transient operating state, it is difficult to
control the quantity of fluid in the differential chamber. The
behavior of the fluid circulating throughout the entire CVT
in a transient state was analyzed by CAE to investigate
measures for thoroughly reducing the quantity of fluid in the
differential chamber from the following three perspectives.

(1) Reducing the volume of the differential chamber
(2) Reducing the quantity of fluid flowing into the chamber
(3) Increasing the quantity of fluid flowing out of the chamber

Specifically, the entire interior of the transmission was
modeled to enable calculations of the flow of fluid occurring
between the clearances of interior parts, including transient
phenomena, and also taking into account the condition
of the gas-liquid mixed flow. As a result, a method was
developed for accurately predicting the behavior of the fluid
evacuated from the differential chamber to other chambers
in the transmission and the behavior of the fluid circulated
back from other chambers to the differential chamber such

as by wall flow.

4. Measures for Reducing Churning Friction in the
Differential Chamber

4.1 Reduction of differential chamber volume by changing
its shape

Because the rotation of the final gear stirs up fluid
collected in the differential chamber in a CVT operating
state, the less fluid there is around the final gear, the faster
the fluid level can be lowered. As a result, the area of contact
between the final gear and the fluid can be reduced, making
it possible to lower churning friction in the differential

chamber.
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Volume of the differential
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Fig. 3 Shape of differential chamber
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Fig. 2 Structure of baffle plate

The method used heretofore was to build a separate
chamber by enclosing the area around the final gear with
a baffle plate (Fig. 2). This formed a structure such that the
fluid stirred up by the final gear fell on the outside of the
baffle plate, thereby reducing the quantity of fluid around
the final gear in an operating state.(1) However, the adoption
of this approach involved the issues of increased cost due to
the additional parts and substantial impact on the layout.

The aim set for the CVT7 W/R was to obtain the
same effect as with the baffle plate but without applying
any additional parts. That was accomplished by changing
the shape of the differential chamber, which enabled the
quantity of fluid around the final gear to be reduced (Fig. 3).

Figure 4 presents the results of a CAE fluid flow analysis
showing the difference in the quantity of fluid stirred up
before and after improvement of the differential chamber
shape. The results confirm that changing the chamber shape
reduced the quantity of fluid stirred up as was intended.

chamber was reduced
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Fig. 4 Results of CAE analysis of fluid flow
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4.2 Reduction of fluid flowing into differential chamber by
changing shape of case near auxiliary gearbox case

One measure proposed for reducing the quantity of fluid
in the differential chamber was to decrease the amount of
fluid flowing into the chamber. In an operating state, the
fluid is circulated inside the CVT because it must also fulfill
its function as a lubricant. Before the improvement, the
fluid lubricating the auxiliary gearbox positioned above the
differential chamber tended to flow into the chamber owing
to this structure.

Fluid flow

Fig. 5 Optimized shape of auxiliary gearbox case
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Fluid flow direction

Upper connecting hole

Differential
chamber
side

For the CVT7 W/R, the shape of the auxiliary gearbox
case was improved so that fluid inside the gearbox flows into
the control valve chamber instead of into the differential
chamber (Fig. 5).

4.3 Reduction of fluid flowing into differential chamber by
changing the connecting hole shape

Another measure proposed for reducing the quantity of
fluid in the differential chamber was to increase the amount
of fluid flowing out of the chamber. Fluid in the differential
chamber is churned by the final gear in an operating state, but
fluid that is stirred up and splashed around has to remain in

the chamber unless there is a structure enabling it to flow out.

Control valve
chamber
side

Lower connecting hole

Fig. 6 Results of CAE analysis of fluid flow direction at connecting holes between
the differential chamber and the control valve chamber
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Fig. 7 Results of CAE analysis of fluid flow
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Stopped condition
Volume fraction of substance

Lower connecting hole <= e =

The results of a fluid flow analysis in an operating state
before the improvement revealed that some of the splashed
fluid flowed out through the upper connecting hole linking
the differential chamber and the control valve chamber.
However, fluid flowed into the differential chamber through
the lower connecting hole (Fig. 6).

For the CVT7 W/R, a study was made of a connecting
hole shape that would increase the quantity of fluid flowing
out of the differential chamber. The shape around the upper
connecting hole and the connecting hole shape and position
were optimized, taking into account wall flow as well, so
that splashing fluid would pass through the hole. These
changes were made to actively promote the outflow of fluid
through the upper connecting hole.

The flow analysis results showed that fluid was sucked
into the differential chamber through the lower connecting
hole before the shape was improved. The rotation of the
final gear created a pumping effect, producing a vacuum in
the chamber that sucked the fluid in. Therefore, spot facing
was applied to the lower connecting hole to increase the

Operating condition

Flow velocity distribution

[ [Salwion Timé 1,760 20 B
=1}

2

Fluid outflow from the
differential cha_mber

Fig. 8 Results of CAE analysis of fluid flow throughout the interior of CVT7 W/R
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Reduction of Churning Friction by using CAE Analysis

Friction torque [Nm]
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Fig. 9 Measured churning friction in the differential
chamber
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distance between it and the final gear so as to reduce the
pumping effect. The flow analysis results also revealed that
the direction of the fluid flow changed when the swirling
fluid struck the level difference formed by the spot facing.
That had the effect of enabling the fluid to flow out of the
differential chamber (Fig. 7).

Figure 8 presents the results of a CAE analysis of the
fluid flow in an operating condition throughout the entire
interior of the CVT7 W/R incorporating the improved
specifications. The results indicate that fluid flows out of the
chamber to create an gas phase state.

The adoption of the foregoing measures reduced
churning friction in the differential chamber by 40%
compared with the friction level before the improvement
(Fig. 9).

5. Conclusion

A simulation method was developed for predicting fluid
flow throughout the entire interior of a CVT under transient
operating conditions and also taking into account gas-liquid
mixed flow. The use of this method made it possible to
develop specifications for reducing churning friction in the
differential chamber of the CVT7 W/R.

Simulation analysis was notably effective in executing
the parameter design, enabling the development of this
new CVT to be completed in a shorter period of time. It
also made it possible to avoid adding other parts such as
baffle plates that are often used to solve this type of issue.
The newly developed method described here now makes
it possible to utilize CAE to execute predictive designs
theoretically for proposed specifications, which heretofore
had to be determined on the basis of repeated verification

experiments conducted with a test transmission.

Masashi IIDA Tadaomi UCHIDA
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The Application of Start-off Slip Control to a CVT for Small Cars
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Summary This article explains the application of start-
off slip control to a CVT for small cars to suppress the amount
of engine speed flare at the time of vehicle launch, which was
an issue revealed by the results of a market study. In addition,
anew learning control was developed that provides improved
learning of the lockup clutch meeting point. Together with a
newly developed torque converter matching this new learning
control, it is now possible to learn the clutch meeting point
with greater accuracy. Experimental results have confirmed
the effectiveness of these new technologies, which are

explained in detail in the following sections.
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1. Introduction

A market study was conducted to investigate how
vehicles are typically driven in China in connection with
the introduction in that market of a vehicle fitted with a
newly developed CVT. The results revealed that the engine
is not often operated in the high speed range and that there
is a high frequency of driving at low engine speeds in the
Chinese market. Consequently, it was found that drivers are
sensitive to a feeling of engine speed flares immediately
after vehicle launch and that many drivers feel there is a
lack of power relative to the high engine speed.

Taking these driving patterns into account, a new
control was developed for suppressing the amount of engine
speed flare at the time of vehicle launch in order to develop
a vehicle providing good driveability.

2. Start-off Slip Control

Start-off slip control was developed with the aim of
improving fuel economy and driveability by suppressing
the amount of engine speed flare through lockup clutch
engagement right after the vehicle is launched. In developing
this technology, the control system and the torque converter

were redesigned.
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Fig. 1 Start-off slip control
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The control system consists of two procedures—initial
pressure control and clutch engagement control. The former
procedure learns the clutch engagement point (engagement
point learning) in order to absorb characteristic variability of
transmission. This point is treated as the initial engagement
pressure (initial pressure output). The latter procedure
achieves lockup clutch engagement at the targeted engine
speed profile premised on initial pressure control. This
involves controlling the torque transmitted by the lockup
clutch. An outline of start-off slip control is shown in Fig. 1.

Because start-off slip control allows the lockup clutch
to slip in the low vehicle speed range, the amount of heat
generated increases. For that reason, friction material having
higher heat resistance was adopted for the torque converter.

3. Application of Start-off Slip Control to a CVT for Small Cars

Incorporating start-off slip control in a CVT for small
cars is effective in suppressing the amount of engine speed
flare. In addition, an improved procedure was developed for
(SMP), which is a

further improvement on engagement point learning. This

leaning the “start of meeting point”
procedure makes it possible to stably learn the starting
point of lockup clutch engagement. The learned value is
reflected in the initial pressure output to accomplish lockup

clutch engagement at the targeted engine speed profile.
4. SMP Learning Control

This learning control estimates the torque transmitted
by the lockup clutch and detects the change in torque
at the moment the clutch plates touch in the transition to
engagement. In this way, it learns the meeting point pressure
of the lockup clutch. Learning the pressure provides the
following two benefits.

A: Learning is possible during ordinary driving because it
does not involve any special movement of the clutch.

B: Learning accuracy is high because the driving situations in
which the pressure value is learned and used are the same.

The learning control procedure is explained here. First,
the lockup clutch torque is estimated. The point at which the
lockup clutch begins to engage is detected from the change
in the estimated torque value. The lockup clutch pressure
command at that time is regarded as the detected meeting
point pressure. Next, the starting point of engagement is
estimated from the lockup clutch torque characteristic relative

to the clutch pressure command, and the estimated pressure
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at the meeting point is calculated. A comparative verification
is made of the two derived meeting point pressures, and the
probability of the detected pressure is judged. If the value is
judged to be valid, the learned value is updated. A detailed
explanation of this learning control is given below.

4.1 Estimation of lockup clutch torque

This section explains the method of calculating the
estimated lockup clutch toque value Tlu, which is the basis
of this learning control. The calculation is done using the
following equation.

Tlu = (T/C input torque) — (fluid torque)

= (Te - Top) - (T X Ne?)

Te: engine torque [Nm]

)

Top: oil pump friction torque [Nm]

7: torque converter capacity coefficient [Nm/rpm?]

Ne: engine speed [rpm]

Lockup clutch torque is estimated by subtracting the torque
transmitted by the fluid section of the torque converter

(fluid torque) from the input torque of the torque converter.

4.2 Meeting point detection

Lockup clutch torque is zero Nm when the clutch is not
engaged. The lockup clutch meeting point can be detected
by detecting the moment when the lockup clutch torque
begins to rise. In this learning control, the meeting point
is detected by applying an edge detection filter to Tlu. The
lockup clutch pressure command at that time is regarded as

the detected meeting point pressure.

4.3 Measure for avoiding erroneous learning

The targeted engagement profile cannot be obtained if
the meeting point is mistakenly detected and the meeting
point pressure at that time is erroneously learned. If the
meeting point pressure is erroneously learned on the low
side, the engine speed may flare, and if erroneously learned
on the high side, torque fluctuation at the time of clutch
engagement may exceed the allowable tolerance owing
to excessive initial engagement pressure. To avoid these
concerns, it is necessary to have high learning accuracy for
the variation in meeting point detection.

Because the detection method in this learning control
is based on Tlu, the estimation accuracy of Tlu is directly
linked to learning accuracy. Therefore, conditions causing
Tlu to vary were identified, and the learned value is not
updated in situations where there is concern that erroneous
learning might occur, such as in the case of a sharp change

in the input torque of the torque converter.
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4.4 Verification of validity of updating learned value based
on meeting point estimation

This section explains the method of estimating the
meeting point pressure. Two methods are involved in
deriving the meeting point pressure: the estimated pressure
is calculated as explained below, and the pressure is
detected as explained in section 4.2 above. A comparative
verification is made of the two derived values and their
validity is judged. This procedure works to improve
learning accuracy.

The meeting point is estimated by using the linear
relationship of the lockup clutch torque to the clutch
differential pressure. The calculation is done using the
equation shown below. The constituent elements of the
lockup clutch torque are explained in Fig. 2.

Lockup clutch torque = g X Plu X A X r 2
u: friction coefficient [-]

Plu: lockup clutch differential pressure [MPa]

A: pressure-receiving area of piston [mm?]

r: effective radius [mm]

The meeting point pressure is estimated using this linear
relationship.

Based on the results obtained, if the differential value
of the detected pressure and estimated pressure is within a
certain range, it is judged that the detection and estimation

were done correctly, and the specified value is updated.

2000

1800

1600 Effect of SMP Learning

v

1400

1200

Amount of engine speed flare [rpm]

1000

800

Not learned Learned

SMP learning state

Fig. 3 Effect of SMP Learning

4.5 Effect of SMP Learning

The effect of SMP learning is explained here by comparing
the results obtained before and after learning control was
adopted. Figure 3 shows a comparison of the waveforms. The
engine speed waveform with SMP learning (After) shows that
the amount of engine speed flare was suppressed compared
with the waveform without SMP learning (Before). This
confirmed the effectiveness of SMP learning.
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5. Development of a Torque Converter

for Improving SMP Learning Accuracy

In order to perform SMP learning accurately and stably,
it was necessary to develop a torque converter capable of
reducing lockup clutch torque variation. Equation (2) shows
that the factors affecting lockup clutch torque are the friction
coefficient, lockup clutch differential pressure, pressure-
receiving area of the piston and the effective radius. In this
development work, the torque converter was redesigned so
as to reduce the variation in the friction coefficient and the
effective radius, which have a large impact on accuracy.
Figure 4 presents the results of a fault tree analysis (FTA)

that was used in judging the redesign effectiveness.

friction

L/U clutch torque X density of fibers
coefficient
friction modifying
material
L/U clutch
differential pressure
pressure-receiving outside diameter
area of piston
inside diameter
of piston
effective radius camber of cover

camber of piston

stiffness of
friction material

stiffness of piston

Fig. 4 FTA

The friction coefficient is influenced by the density of
the friction material. At the time the friction material was
bonded, compression was based on thrust control rather
than stroke control, which successfully reduced variation
in the density of the finished product. As a result, friction
coefficient variation was reduced by approximately 70%
compared with the previous material (Fig. 5).

The measures taken to reduce variation in the effective
radius involved innovation in the manufacturing method, such
as designing a jig that factored in the chucking and straining
of the high stiffness area of the material. As a result, variation
in the effective radius was reduced by approximately 25%
compared with the previous material (Fig. 6).

These measures that reduced the friction coefficient
variation by approximately 75% and the effective radius
variation by approximately 25% contributed significantly to
stabilizing SMP learning control by reducing lockup clutch
torque variation by approximately 75%.
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6. Results

Figure 7 presents the test vehicle waveforms obtained
experimentally before and after start-off slip control and
the improved torque converter were applied to a CVT for
small cars. At the same accelerator pedal position, the
engine speed waveform of the vehicle with start-off slip
control (After) shows that the amount of engine speed flare
was suppressed compared with the waveform of the vehicle
without start-off slip control (Before). The results obtained
with start-off slip control indicate that the lockup clutch was

engaged without any large drop in engine speed.

7. Conclusion

This article has explained the application of start-
off slip control to a CVT for small cars to suppress the
amount of engine speed flare at the time of vehicle launch,
an issue that was revealed by the results of a market study.
In addition, the application of SMP learning control and
a newly developed torque converter compatible with
this control procedure have made it possible to learn the
meeting point of the lockup clutch with good accuracy.
Experimental results showed that the amount of engine
speed flare right after vehicle launch was suppressed with
start-off slip control and the new torque converter, thereby

confirming their effectiveness.
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Development of a New Simulation Method for Predicting Tooth Contact ina CVT

REA T i R il EWT AN vy WH R
Kunihiko FUKANOKI Ryohei SAITO Tatsuya IWABUCHI Hiroyuki MARUYAMA Tadaomi UCHIDA

¥ #8]& Jatco CVT7 W/R(LL'F, CVT7 W/REFR I,
BRE:, EERPERE RN L, =y MN DMV (5 E B
THLMBEIZBNTD, FikRtEE L2EHLTW 5.

AFTIE, WEOGRMERERLHEOTA X% DL
WICIG ), B SRE R DN— Ao TWAH Y720
TP THTEERELZOT, TONEICOWTI
9 5.

Summary The Jatco CVT7 W/R improves vehicle fuel
economy and driveability while also reducing the noise and
vibration of the gears that form the torque transmission
mechanism inside this CVT. This article describes the
details of a newly developed method for predicting tooth
contact on the basis of tooth root stress and tooth surface
strength, which determine the gear size and gear noise and

vibration performance.
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1. Introduction

Gear noise, vibration, durability and reliability are
governed by the transmission error of meshing gears, which
is influenced by tooth contact caused by deformation of the
gears or peripheral parts. For that reason, it is necessary
to predict tooth contact accurately in order to design gears
with high levels of durability and reliability.

This article describes the details of a newly developed
method for accurately predicting tooth contact in a CVT.
This method was developed in the course of developing the
gears of the CVT7 W/R in order to obtain excellent noise
and vibration performance combined with high durability

and reliability.

A

Output gear

Idler gear \

Fig. 1 Cross-sectional view of Jatco JFO11E and gears
of interest
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2. Development Aim

The gear pair of interest in this study was the primary
reduction gear in the Jatco JFO11E CVT that is already being
used on midsize vehicles fitted with a 2.0-2.5L engine. A
cross-sectional view of this CVT is shown in Fig. 1 along
with the locations of the gear pair of interest.

The results of a tooth contact prediction based on a
conventional stress simulation diverge from the results of
tooth contact found experimentally. Figure 2 compares the
tooth contact of the output gear pair found by simulation and
experimentation. It is seen that the simulated values deviate
from the experimental results by approximately 50%.

Compared with an automatic transmission or a manual
transmission, the output gear pair of a CVT is characterized
by the complex forces acting on the shaft owing to high
hydraulic pressure, belt tension and reaction forces of
meshing gears. The composition of the forces is shown in
Fig. 3. The shaft is influenced by the large forces, effects
from other shafts and the play of the bearings provided
inside the CVT.

The stiffness simulation model used previously was
not able to predict tooth contact accurately presumably
because it did not take into account these complex forces
and the influence of bearing play. Therefore, the simulation
method was revised. Among the improvements made, the
following two points are described here because they had
an especially large effect on improving prediction accuracy.

(1) Identification of the FEM simulation model using

the observation results for pulley and belt behavior
at the time hydraulic pressure is applied

(2) Identification of the FEM simulation model using

observation results for the behavior of the ball

bearings

3. Technical Improvements and Their Effects

3.1 Simulation of pulley and belt behavior

The modeling improvements made for the pulleys and
belt are shown in Fig. 4. Surface pressure equivalent to the
hydraulic pressure in the pressure chamber was applied,
making it possible to reproduce the hydraulic pressure.
Next, the elements of the metal push belt were modeled
using coupled finite elements and the bands were modeled
using shell elements. A finite element was added to represent
the contact between the belt and pulleys, thus reproducing

the conditions of an actual CVT.
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The effect of these improvements is shown in Fig. 5 in
comparison with the previous model and the experimental
results. As shown in Fig. 6, the amount of deflection at
the side face of the output gear was measured in the axial
direction at four places to determine tooth contact. As seen
in Fig. 5, lead error after the improvements was found to
be 24 um, which more closely resembled the experimental
value of 23 um than the lead error value of 12 um before

the improvements.

3.2 Simulation of ball bearing behavior

The improvements made to the simulation model of the
bearings are shown in Fig. 7. The previous stress simulation
model of the bearings did not reproduce their press-fitted
condition. Contact elements were positioned at both ends
of the rolling contact surface to reproduce the contact
between the raceways and the balls. We also added the
outer race fit and inner race play and fit to the improved
model. In addition, the improved model also reproduced the
calculated contact position between the contact surface and
the balls. The contact position was calculated by applying
axial and radial forces to the inner race while the outer race
was restrained; the contact angle was calculated by solving

the force balance using Hertzian contact theory.

. A1
Outer race fit T Contact element

Inner play —,

Inner race fit ‘

Fig. 7 Bearing model improvements

Reproduction of
position of contact
between raceway and balls
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The effect of the improvements is shown in Fig. 8.
The side surface of the output gear in the axial direction
was selected for the measuring positions as shown in Fig.
9. With the previous model, it is seen in Fig. 8 that the
output gear was displaced in the positive direction when
the input torque was applied. With the improved model,
it was displaced in the negative direction just as in the
experimental results. The simulated tendency thus agreed

with the experimental one.

4. Prediction Accuracy of New Simulation Model

The tooth contact calculated with the newly developed
simulation model for the output gear pair is compared in Fig.
10 with the experimental tooth contact data at two different
torque levels. Both the absolute value and slope (44 um and
55 um) obtained with the new simulation model were much
closer to the experimental values (48 um and 59 wm) than
the values (25 um and 30 um) obtained with the previous
simulation model. This confirmed the effective prediction

accuracy of the new simulation model.

pm
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2 60 - —®— Drive shaft torque
T 40 | ———
< —{ simulation mode

620 —E—

= =i~ Improved

=0 : : : simulation model
= 2600 2800 3000 3200 Nm

Drive shaft torque

Fig. 10 Relationship between transmission error and drive
shaft torque

5. Conclusion

A new simulation method for predicting tooth contact
was developed that takes into account deformation due to the
hydraulic pressure of the CVT as well as fit and play of the
bearings. This prediction technique now makes it possible
to predict with high accuracy tooth root stress, which is the
parameter for gear strength, and transmission error, which
is the parameter for noise and vibration performance.

As a result, highly accurate gear designs were executed
in the early stage of developing the gears for the new Jatco
CVT7 W/R, making it possible to achieve excellent noise
and vibration performance combined with high levels of

durability and reliability.
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Summary There are various concepts concerning
methods of supporting planetary gear sets. One approach
is to eliminate misalignment by reducing play in the joints
between parts. Conversely, another approach is to allow
a certain degree of play to take advantage of the self-
centering action of gears. In developing the new Jatco
CVT7 W/R, gear support structures were redesigned with
the aim of reducing gear noise. This article describes the

design measures that were verified and adopted.
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1. Introduction

By combining an auxiliary gearbox with a CVT,
the JATCO CVT7 Series features markedly increased
torque capacity and wider ratio coverage compared with a
transmission consisting of a CVT alone. Yet, it still has a
compact size that facilitates mounting in the limited engine
compartment space of small cars.

The CVT7 adopts a Ravigneaux planetary gear set
consisting of a double planetary gear set for the auxiliary
gearbox in order to achieve a compact layout for the overall
transmission system. That was done because it was desired
to provide the functionality for reverse and neutral, which
JATCO CVTs have traditionally achieved with a single
planetary gear set, in addition to the functionality for
providing multiple forward gear ratios (auxiliary gearbox
of the CVT7 has two speed ratios, Low and High).
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2. Overview of Ravigneaux Planetary Gear Set

This section describes the features of the Ravigneaux
planetary gear set. As shown in Fig. 1, this gear set consists
of two types of sun gears (called the front sun gear on the
right side and rear sun gear on the left side), two types of
pinion gears of different axial lengths (called the short
pinion and long pinion respectively), the carrier that holds
the pinion gears, and an internal gear.

Theoretically, a planetary gear set can provide various
gear ratios by stopping the rotation of one of the constituent
elements or by directly connecting multiple constituent
elements together. In an actual transmission, each gear
and carrier are joined to a wet multi-plate clutch or brake.
Various gear ratios are achieved by freely selecting and
engaging the clutches and brakes. For example, when
forward travel under the Low gear ratio is desired, the low
brake in Fig. 1 is engaged to stop the rotation of the rear
sun gear. When forward travel under the High gear ratio
is desired, the high clutch is engaged to create a directly
engaged condition.

As these examples indicate, using a Ravigneaux
planetary gear set enables gears to be coupled together with
fewer peripheral parts compared with the use of multiple
single planetary gear sets. This makes it possible to provide

many gear ratios in a more compact package.
3. Issues Occurring in the Operation of Planetary Gear Sets

Gear noise is one issue of concern in the performance
design when planetary gear sets are used. The details of
gear noise can be found in various references. The source
of gear noise lies in transmission error in which there is
repeated unevenness because one gear of a meshing gear
pair is too advanced or conversely delayed relative to the
ideal. Such transmission error is transmitted from the gear
support structures to the transmission case, which acts as
a speaker. Then, the case vibration is transmitted to the
vehicle body via the transmission mounts or other parts and
the body acts as a speaker. The resultant noise transferred
to the driver’s ear position is known as gear noise.

Gear noise occurs at various frequencies, but basically it
depends on the meshing cycle. One feature of the planetary
gear sets used in the auxiliary gearbox of the CVT7 is
that a sideband order is observed as a modulation from the
meshing cycle of the gear noise frequency. This is related to

the number of teeth in the planetary gear sets, the number
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of pinions and the manner of using the carrier which is not
stationary and is always rotating. It is caused by the fact
that the pinion gears both rotate on their axis and revolve
around the sun gear when the carrier turns because they are

attached to the carrier.

Sideband order is
observed
as carrier rotates.

Direction of vibration
Vibration |Rotational, | Transverse,
level axial tilting
Mesh In phase | x O
phase
difference [Sequentially|O X
phased Ox*
Counter @]
phased
Unequally |A
spaced

*5pinions, mod(Zs/5)=2 or 3
Zs : number of teeth of sun gear

Fig. 2 Sideband

4. Design Guideline for Gear Noise

The gear noise stemming from planetary gear sets was
briefly outlined in the preceding section. The first step on
design guideline for gear noise is to design the parameters
that determine the gear noise potential of a planetary gear
set. Examples here include the determination of the tooth
specification, the number of pinion gears and the number
of gear teeth. These parameters must be determined by
taking account of the performance balance that involves
trade-offs between the noise performance design and the
power performance design, layout design, process design,
cost design and so on.

Next to be designed are the support structures, which
might be called the usage environment of a planetary gear
set. Designing suitable support structures prevents partial
contact caused by individual gear misalignment that occurs
when gears mesh and leads to tuning of the vibration
transmission system.

Design guidelines for gear misalignment in particular
can be broadly divided into two approaches, though there
are many theories based on experience. One idea is to
minimize the amount of misalignment as much as possible,
for example, by press fitting the bearing supporting each
gear to the transmission case. The other idea is, conversely,
to give gears a self-centering action by intentionally
providing play in the joints between structural parts. The
latter guideline was adopted in this work.
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Fig. 4 Internal gear and high clutch drum (cross section)

That choice was made for the following reason. The
planetary gear sets of the auxiliary gearbox involve many
more gears, unlike a parallel-axis gear pair consisting of
a total of two gears, i.e., one input gear and one output
gear. The Ravigneaux planetary gear set adopted for the
CVT7 has two sun gears, three short pinions, three long
pinions and an internal gear. In addition, the part count
becomes markedly larger when all the parts related to
each gear support structure are included. Trying to reduce
their misalignment to nearly zero would have required an
unrealistic level of accuracy for mass-produced industrial
parts. Obviously, there is theoretically no better ideal

situation than to have no misalignment.
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5. Introduction of Design Examples

In the process of developing the CVT7 W/R,
performance design improvements were made to reduce
gear noise caused by meshing of the gears in the Ravigneaux
planetary gear set as explained above. Based on the design
guideline described in the previous section, the noise level
was reduced by increasing the amount of play in the spline
joints between the internal gear and the high clutch drum
that meshes with it, as shown in Fig. 4. The internal gear
produces transmission error that causes noise mainly in
reverse and when switching from the Low gear ratio to
the High gear ratio in forward travel. Emphasis was put
on designing the auxiliary gearbox so as not to produce a

stepped shift feel especially in the latter situation.

Inner spline
of high clutch drum

Fig. 5 Internal gear and high clutch drum (detail)
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It will be noted that the amount of play in the spline
joints between the internal gear and the high clutch drum
that meshes with it had to be determined so as to be
compatible with other performance attributes involving
trade-offs. Setting the amount of play too large would
be disadvantageous for such performance attributes. As
illustrated in Fig. 6, a clearance specification was determined
so as to be compatible with shift driving force fluctuation
during garage shifting, rattle noise and other performance
attributes that might be compromised by larger play.

Side effects: shift driving force
fluctuation during garage shifting,

Clearance setting

Good

| ——

Clearance

e

Fig. 6 Trade-off
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6. Conclusion

There are various ideas regarding design guidelines for
methods of supporting planetary gear sets. In developing
the new Jatco CVT7 W/R, an effort was made to reduce
planetary gear noise. A self-centering action was positively
applied to the internal gear of the Ravigneaux planetary gear
set adopted for the auxiliary gearbox by suitably increasing
the amount of play in the joint of the gear support structure.
This measure had the effect of reducing gear noise.

Finally, the authors would like to profoundly thank
everyone concerned for their invaluable cooperation with

this development project.
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Summary A gas carburizing process is widely used in
mass production operations as the heat treatment method
for CVT pulleys. Gas carburizing requires a long treatment
time and entails the risk of fire or explosion, among
other disadvantages. At JATCO, we developed a vacuum
carburizing process to eliminate these disadvantages of
gas carburizing and implemented the process in our mass
production system for CVT pulleys in 2004 ahead of other
manufacturers.

As a result, numerous benefits were obtained, including a
substantial reduction of the heat treatment time for pulleys,
stabilization of quality and assurance of a safe working
environment because flames are not used. This article
explains the measures taken to address a stability issue
that occurred when the process was implemented in mass
production operations and the subsequent evolution of the

vacuum carburizing process.
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1. Introduction

Pulleys are key parts for the transmission of power in a
CVT. To ensure ample pulley strength, pulleys are subjected
to a carburizing process for heat treatment. *It is especially
important to form a deeper hardened layer (i.e., case depth)
on sheave faces and on the ball spline groove in contact
with the roller bearing than on ordinary parts in general.
Gas carburizing has traditionally required a long treatment
time to accomplish that.

Therefore, JATCO developed a vacuum carburizing
process as a technique for shortening the treatment time,
boosting productivity and also stabilizing quality. This
article describes the issues encountered in developing this
vacuum carburizing process, the solutions implemented,
and the evolution of the functionality of the process in mass

production operations.
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2. Issues in Vacuum Carburizing Process

2.1 Advantages of vacuum carburizing

Compared with gas carburizing, the vacuum carburizing
process has the following five advantages.

(1) Shorter carburizing time

(2) No abnormal surface layer

(3) No furnace is required for enriching the gas

(4) High safety because no flame is used

(5) Low level of CO2 emissions (40% lower than gas

carburizing)

2.2 Disadvantages of vacuum carburizing process

The vacuum carburizing process has the following two
disadvantages because the hydrocarbon-based carburizing
gas (propane or acetylene) is introduced directly into the
furnace.

(1) Overcarburizing tends to occur.

(2) Soot, tar and other by-products tend to form.
black

overcarburizing also occurred at JATCO. Figure 1 shows

The occurrence of local spots due to
the appearance of a typical black spot that occurred. For
the purpose of resolving this issue, evaluation tests and
analyses were conducted focusing on the injection pattern

and flow rate of the carburizing gas.

3. Test Method

3.1 Tested material
Tests were conducted on JFO10E pulleys made of JIS
SCr420H high-carbon chromium bearing steel.

3.2 Test conditions

In order to clarify the basic characteristics of vacuum
carburizing, the surface carbon content of carburized CVT
pulleys was measured and the conditions giving rise to local
overcarburizing were investigated for various carburizing
gas injection patterns. A propane carburizing gas was used,
which is characterized by a tendency to form soot, tar and
other by-products. The carburizing process conditions were
a carburizing temperature of 1223 K and a furnace pressure
of 950 KPa. A continuous carburizing furnace was used in
the tests.
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4. Test Results

4.1 Change in surface carbon content relative to carburizing
gas injection time

Typical test results are presented in Fig. 2. The measured
surface carbon content of the CVT pulleys is shown on the
vertical axis as a function of the number of carburizing gas
injections on the horizontal axis.

The surface carbon content increased in proportion to
the number of times the carburizing gas was injected. At
1223 K, the increase in the surface carbon content saturated
at the solid solubility limit of carbon of 1.4%.

Local overcarburization occurred when the carbon
surface content exceeded the saturated carbon content of

1.4% at a carburizing temperature of 1223 K.
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No. of gas injections

Fig. 2 Structure of baffle plate

4.2 Change in carbon surface content due to suspension of
carburizing gas injection

The surface carbon content was then investigated when
the injection of the carburizing gas was suspended after
injecting a specified quantity of gas to carburize the pulley
surface. The results obtained are presented in Fig. 3.

When the injection of the carburizing gas was suspended
after performing a specified amount of carburization,
carbon continued to diffuse into the interior of the CVT
pulleys. After 5 min. elapsed, the rate of diffusion dropped
sharply.
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4.3 Optimization of carburizing gas injection pattern

Based on the foregoing test results, injection conditions
were investigated for promoting efficient carburization and
diffusion while preventing overcarburization. The concept
of the injection pattern is diagramed in Fig. 4.

To obtain efficient carburization while preventing
local overcarburization, it is important to keep the surface
carbon content of CVT pulleys below the saturated carbon
level. It was found that the surface carbon content could be
controlled by making clear the relationship between the
carburizing gas injection pattern and resultant carburization

and diffusion.

4.4 Proportion of solute carbon content in carburizing gas flow

The proportion of the solute carbon content in the
quantity of carburizing gas supplied was investigated to
make clear the relationship between the gas flow rate and
the amount of carburization obtained. The proportion of
the solute carbon content is the amount of carbon dissolved
(diffused) into the CVT pulleys in relation to the quantity of
carbon in the carburizing gas supply. This is referred to here
as the solute carbon ratio.

The relationship between the quantity of carburizing
gas, total CVT pulley area and the weight difference
following carburization was investigated as a parameter for
use in calculating the solute carbon ratio.

Figure 5 shows the relationship between the carburizing
gas flow rate and the solute carbon ratio introduced into the
CVT pulleys. Among the various quantities of carburizing
gas injected, it is seen that local overcarburizing occurred
when the solute carbon ratio introduced into the CVT pulleys
was in a range of 4.6-12.1%. Similarly, when the solute carbon

ratio was above 25.4%, carburization was insufficient.

L 6.7% 11.3% 17.0%

S Asm 166w T
(A b
5.4

Over carburizing spot

16.4%

Carburizing gas flow rate (NL/hr)

(A
32~W Insufficient carburizing

Surface area (m2)

Fig. 5 Relation of gas flow and surface area of pulleys to
reacted carbon content
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The results indicate that the injected carburizing gas
flow rate was excessive when the solute carbon ratio was
low and that the carburizing gas flow rate was insufficient
when the solute carbon ratio was high.

Based on the foregoing results, at JATCO we have
defined the relationship between the CVT pulley surface
area and the solute carbon ratio such that it falls in the
range shown in Fig. 6. This makes it possible to select the
optimum gas flow rate based on the optimal solute carbon
ratio and part surface area.

The solute carbon ratio is expressed by the following
experimental equation (1).

Ax<F

D=224 7 ¥

) M

where,

D: solute carbon ratio (%)

A total surface area of pulley being carburized (cm?)

F: flux value (g/cm?)

T: carburizing gas injection time (hr)

CnHm: carburizing gas

C: carbon atomic mass (= 12.01 g)

V: gas flow rate per unit of time under standard process
conditions (NL/hr)

22.4: molar volume (L/mol)

5. Application to Mass Production and Verification

The carburizing conditions were defined on the basis
of the foregoing experimental results and applied to the
mass production process of CVT pulleys. The relationship
between the carburizing gas injection time and amount of
carburization obtained was investigated to verify whether
these mass production conditions were optimal or not. The
results are presented in Fig. 7. The amount of carburization
obtained was determined by measuring the weight of round
test pieces before and after carburization.

The results show that the amount of carburization
increased in proportion to the gas carburizing injection
time. It was confirmed that neither overcarburization
nor insufficient carburization occurred with these mass

production conditions.
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6. Solution to Overcarburization Issue in Vacuum

Carburizing Process

One issue in the vacuum carburizing process for CVT
pulleys was to stabilize the carbon concentration so as to
prevent overcarburization. The following two points were
necessary for the stabilization of the carbon content.

(1) The maximum surface carbon content of the pulley
surface must be kept below the solid solubility limit
by controlling the carburizing gas injection and
suspension times.

(2) The proportion of carbon used in carburization
process (i.e., solute carbon ratio) must be kept
constant by controlling the carburizing gas flow
rate.

Controlling these process parameters not only

optimized the amount of carburization obtained, it also
greatly shortened the carburization process time and

reduced the quantity of tar, soot and other by-products.
7. Further Evolution of Vacuum Carburizing Process

JATCO is now fully adopting this vacuum carburizing
technology in the carburizing process at the company’s
overseas plants.

One example of the further evolution of this process
since 2010 is the adoption of acetylene as the carburizing gas
introduced into the vacuum carburizing furnace. Acetylene
has higher reactivity and produces fewer by-products than
the propane gas used previously. As a result, the cycle time
has been shortened by 7% and the formation of by-products
has been reduced by more than 50%.

Capital investment in equipment has also been reduced
by changing the equipment configuration to a structure that
increases the process capacity per module by 33% over the
previous level.

JATCO intends to remain the leading company in
the vacuum carburization process for CVT pulleys in
the coming years. We want to continue to evolve the
vacuum carburizing process further by implementing new

improvements based on the results obtained to date.
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Summary InMarch 2015, JATCO launched production
of the Jatco CVT8 Hybrid (JFO19E model) that has been
mounted on the X-Trail Hybrid since May of last year. The
JFO19E transmission is based on the Jatco CVT8 Hybrid
(JFO18E model) that was released in July 2013 and is
mounted on the Pathfinder and Infiniti QX60. This article
presents a product overview of the JFO19E.
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1. Introduction

JATCO and Nissan Motor Co., Ltd. jointly developed
a new CVTS series hybrid transmission for application to
midsize front-wheel-drive (FWD) cars sold in the Japanese
market. In July 2013, JATCO released the JFOISE hybrid
transmission for application to large FWD vehicles in
overseas markets. The new CVTS8 Hybrid described here
was developed in response to requests from customers who
wanted JATCO to provide a hybrid transmission in the
Japanese market. This transmission was developed around
the following concepts:

1. to further improve fuel economy, and

2. to further enhance shift quality, and

3. to promote thorough sharing of parts.
The details of the JFOI9E are described in the following

sections.

2. System Overview

The JFO19E adopts a 1-motor 2-clutch (IM2CL) hybrid
system like that of the JFOI8E. The system comprises
one electric motor-generator (MG) and two clutches. A
conceptual diagram of the IM2CL system is shown in Fig. 1.
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Powertrain Engineering Division, Nissan Motor Co., Ltd.

11051

i)\*****



Introducing the Jatco CVT8 HYBRID for Midsize FWD Cars

(1) =Y OB 1%#MGIZAE 2 AClutch (CL1)
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CL2 CrL1
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Fig. 1 Conceptual structure of IM2CL system

(1) Clutch-1 (CL1) transmits engine power to the MG unit.

(2) Clutch-2 (CL2) functions as the start-off device in
place of a torque converter.

(3) The MG unit is positioned between CL1 and CL2.

Table 1 Powertrain specifications

Hybrid system for large | Hybrid system for midsize
FWD cars FWD cars
Car Infiniti QX60 Hybrid Nissan X-TRAIL Hybrid
. Parallel Hybrid System -
Hybrid System 1-motor 2-clutch
Eneine Disp. 25L 2.0 L
g Type 14 Supercharger 14
Transmission Transverse (FWD) &=
Dry multi-plate clutch Dry multi-plate clutch
CL1 Type 4 plates 3 plates
Wet multi-plate clutch Wet multi-plate clutch
CL2 Type Fwd: 4 plates Fwd: 4 plates
Rev: 5 plates Rev: 4 plates
Motor |Max power 15 kW 30 kW

A HEV VAT AI LYV 0l 3 5EVIREEICB W
T, FEHEPTOIMGE REEIELZEIZES>THANERY T
EESE, WESATLEREEZE TS, (E—F—
TARIL)

O, MG I #zE A5 I EE N2 EE
TORELRS.

CVTEBDI (DL FCVTF) IR EE AV W I Z &R DS
AW E 2 F-TWABTZD, V=205 MAI LT
BL VB MG iz 3 (LR E AV IZEES TR,
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These constituent parts are controlled to create operating
modes matching various driving situations, thereby allowing

flexible control of fuel economy and power performance.

2.1 Further improvement of fuel economy

In the course of developing the JFOI9E, efforts were
made to increase the frequency of EV mode driving in order
to attain the target for further improving fuel economy.
Table 1 compares the specification differences between the
JFO18E and JFO19E.

Owing to the expanded frequency of EV mode driving,
the motor is used to propel the vehicle more often compared
with the JFO18E. Therefore, the JFO19E was built to enable
the motor to operate at a lower speed during idling. In the



hEIFWDEFJatco CVT8 HYBRIDDBAF

Z 2T, CVTFIMIRIZIS U C s i A BR oD ] iz 53
T MGRAEB)SEHZ LKD), HEENEZWZ, BE%
) 3 BH L L7 Fig 218 2 K E R8T

JCO8E —RIZHB VT HLI AME L L T B IR [ 13 41K
D29 % &ZEDODLFig3llMEMERT) 25, TOM
MG [l iz 7K FE & 3t K50% P A2 &Ik ->TRE D) L
M BHZENTTE.

FEHIZBOTHHE I DL Wb TR R A
B CcEaillliHTH 5.

Vehicle stopped

Vehicle speed [km/h]

q«% — . =

Time [s]
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Fig. 2 New MG speed control

EV mode of this hybrid system with the engine stopped, the
MG unit is operated to drive the oil pump and the hydraulic
system even while the vehicle is at rest. This operating state
is referred to as motor idling.

The faster the MG unit operates during motor idling,
the more electric power it consumes. One characteristic of
the CVT fluid (CVTF) is that its viscosity increases with
decreasing temperature. Accordingly, taking into account
the reduction of fluid leakage,
the necessary MG operating speed should be set lower as
the fluid temperature decreases.

With the JFO19E, the MG unitis operated at the minimum
necessary speed according to the CVTF temperature. This
speed control holds down the consumption of electric power
to improve vehicle fuel economy. The concept of this new
MG speed control is shown in Fig. 2.

Under Japan's JCO8 test mode, the time the vehicle
is stopped accounts for 29% of the total test cycle, as
shown in the conceptual diagram in Fig. 3. Fuel economy
was improved by lowering the MG operating speed by a
maximum of 50% during those intervals. In real-world
operation, this speed control is expected to be effective in

driving situations where the vehicle is frequently at rest.

‘| New control ’7
Shift Ad.apl_n'e
learning
selector
control 1/10 of

Previous time

CL2 commanded pressure

Fig. 4 Adaptive learning control process
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(Adaptive learning control
system for CL2 pressure

CL1 clutch CL2

CVT

Fig. 5 Adaptive learning control system for CL2 pressure
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Tfric_mg : MGD 77 ¥ av vy
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CL2ME I OMGHIE DY DIV 7 #1801 (2) 72 5.
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%%.
ATel2 = TTel2 — Tel2  (4)
APcl2 = ATcl2 u*N-D-A (5)
w7y AR
N: 29y F
D: 799 F K%
A7y F AN ZE R

2.2 Further improvement of shift quality

The CL2 clutch in this IM2CL hybrid system functions
as a wet start-off clutch (WSC). One issue of a WSC is torque
controllability in the low speed range right after vehicle
launch. Adaptive learning control was adopted for CL2 to
reduce variation in its torque capacity in order to attain the
required performance. This adaptive learning control was
further improved in the process of developing the JFO19E.

The previous adaptive learning control reduced the CL2
pressure in stages during partial clutch engagement (WSC
operation) in searching for the point where CL2 torque
became zero. For the JFOI9E, a new adaptive learning
control was developed that estimates CL2 torque during
WSC operation by monitoring the MG current instead of
using a torque sensor and corrects any error in the CL2
torque command. The adaptive learning control process is
outlined in Fig. 4.

The mechanism by which the CL2 torque is estimated
based on the MG current in place of using a torque sensor
is explained below. A schematic of the adaptive learning
control system for the CL2 pressure is shown in Fig. 5

The torque balance around the MG shaft during WSC
operation while CL2 is partially engaged is given by Eq. (1).

Tmg@wsc = Tfric_mg + Tfric_op + Tcl2 (1)
Tmg@wsc: MG output torque during WSC operation
Tfric_mg: MG friction torque
Tfric_op: oil pump friction torque
Tcl2: CL2 torque

The torque balance around the MG shaft when CL2 is
disengaged is given by Eq. (2).

Tmg@n = Tfric_mg + Tfric_op (2)

Tmg@n: MG output torque when CL2 is disengaged

Based on Egs. (1) and (2) above, CL2 torque during
WSC operation can be estimated as shown in Eq. (3).

Tcl2 = Tmg@wsc — Tmg@n (3)

The difference here between the commanded CL2
torque (TTcl2) during WSC operation and the CL2 torque
calculated with Eq. (3) becomes error (ATcl2) due to
torque variation. Accordingly, this error and the amount
of compensation (APcl2) are given by Egs. (4) and (5),
respectively.

ATcl2 = TTel2 — Tel2 @)

APcl2 = ATcl2/ u-N-D*A (5)

u: clutch friction coefficient
N: number of clutch plates
D: effective clutch diameter

A: pressure receiving area of clutch piston
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Fig. 6 The effect of MP Learning

The previous system terminated adaptive learning
control when it detected the slipping of the rotating clutch.
The new adaptive learning system is capable of predicting
the conditions under which clutch slipping occurs, thereby
greatly shortening the time to the completion of adaptive
learning. Specifically, the interval in which the initial CL2
torque variation is adjusted is shortened to approximately
one-tenth of that of the previous system. This now makes it
possible to obtain stable WSC performance from an earlier
stage. A schematic diagram of the adaptive learning control

system is shown in Fig. 6.

0 Parts shared by JFO19E and CVTS

B parts shared by JFO19F and JFO1SE

Fig. 7 Cross-sectional views of CVTS8, JFOI8E and JFO19E
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2.3 Thorough sharing of parts

The JFO19E shares 88.5% of its parts with the base CVTS8
and the JFOI8E. This high rate of commonality held down
the number of new parts among the system components.

Moreover, the addition of the JFOI9E model to the
product mix was taken into account at the time the production
facilities were reorganized for launching production of the
JFO18E. That reorganization included the motor installation
process, final tester and transmission exterior washer, which
also held down cost increases for the JFO19E.

Figure 7 presents cross-sectional views of the CVTS,
JFO18E and JFO19E.

3. Conclusion

The JFO19E attains the high fuel economy target set for
this unit by reducing the motor speed during motor idling
by as much as 50% compared with the JFO18E. With regard
to shift quality, the CL2 adaptive learning control logic was
improved to enable adaptive learning of CL2 pressure more
quickly. This has made it possible to enhance the shift feel
significantly at the outset of driving.

The authors would like to thank everyone inside and
outside the company for their invaluable cooperation with
the development of the new JFOI9E.
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Introducing the Jatco CVT7 (JFO15E) for GM Korea’s Chevrolet Spark
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Fig. 1 Main cross-sectional view

The Jatco CVT7 (JFO15E) is mounted on the new-
generation Spark that was released by GM Korea Company
in the Korean market in August 2015 and is available
with 1.0L and 1.4L engines. The principal features of the
Spark are its outstanding fuel economy and acceleration
performance. The car achieves class-leading fuel economy.

Incorporating the latest control technologies, the CVT7
is mated to the new 3-cylinder and 4-cylinder engine. In
addition to improving acceleration performance, the CVT7
features automatic stop/start capability for improving fuel
economy and Dynamic Step Shift (D-STEP) control for
enhancing driveability. Its performance is highly popular

among customers.

Table 1 Specifications of JFOISE

Torque capacity 95 Nm/ 128 Nm
Torque converter size 185 /205 mm
Pulley ratios 2.200~0.550
Auxiliary transmission gear ratios Ist 1.821

2nd 1.000

Rev 1.714
Ratio coverage 7.3
Final gear ratio 3.882
Number of selector positions 5P,R,N,D,L)
Overall length 339 mm
Weight (wet) 70 kg

B Typical model fitted with the JFOISECVT [l
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Introducing the JRSO7E 5-speed AT for the Mazda Bongo

VA KD RIT (M 7130) NI K
4k FRIEH4HATORA0SE) B #REN T L 72
A5 FRAR Y T (201642 AW A 56 32) ICIZFR B S AT
(JR507E) 28#E s L 7.

4FEATIZH L, Lyd ALy ViR ay s 7y 7 H
WOWKRIZIVEN-B I RE R R B a2 FEBILEL
7o F7z, EAROWRICKY R R Y TN T4 =)0 T Hh
FHEN, FLEBALICE->TY 7N VORI
AN o7z ZETHIRMERED EL, BESENHK
BUFFE R TWET.

Fig. 1 Main cross-sectional view

The Mazda Bongo was previously equipped with
JATCO'’s JR405E 4-speed AT for rear-wheel-drive (RWD)
vehicles. The new-generation Bongo, released in early
February 2016, is fitted with JATCO's JR507E 5-speed AT
for RWD vehicles.

Compared with the previous 4-speed AT, ratio
coverage and the lockup region of the 5-speed AT have
been expanded to deliver outstanding power performance
and fuel economy. In addition, improved shift lines
achieve the optimal shift feel. The additional gear ratio
reduces the change in engine speed when downshifting,
thereby improving noise and vibration performance. These

performance attributes are very popular among customers.

Table 1 Specifications of JR507E

Torque capacity 150 Nm
Torque converter size 250 mm
Gear ratios Ist 3.841
2nd 2.352
3rd 1.529
4th 1.000
5th 0.839
rev 2.764
Ratio coverage 4.578
Final gear ratio 3.909
Number of selector 6 (P,R,N,D,S, L)+ Hold mode
positions
Overall length 2WD 769.7 mm
4WD(without transfer)
661.9 mm
Weight (wet) 2WD / 4WD 83 kg

B Typical models fitted with the JRSO7E AT W

Bongo Truck

Bongo Van

VBRSO EEEZTTWLOT, ~Olzf, % —tEE32.
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Introducing the Jatco CVT8 (JFO17E) for the Nissan Maxima
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Fig. 1 Main cross-sectional view

The Jatco CVT8 High Torque (JFO17E) model is
mounted on the new-generation Nissan Maxima that
Nissan Motor Co., Ltd. released in North America in May
2015. Featuring low friction and wide ratio coverage,
the JFOI7E provides high fuel economy combined with
excellent power performance. In addition, this CVT is
mated to the VQ35 H/O (High Output) engine to deliver a
more exhilarating feeling of acceleration, which is highly

popular among customers.

Table 1 Specifications of JFO17E

Torque capacity 350 Nm
Torque converter size 250 mm
Pulley ratios 2.413-0.383
Ratio coverage 6.3
Final gear ratio 5.250
Number of selector positions 4 (P,R,N,D)
+ Manual shift mode

Overall length 370mm
Weight (wet) 97.5kg

B Typical model fitted with the JFOI7TECVT W

Maxima
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Introducing the Jatco CVT7 (JFO15E) for the Suzuki Solio
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Fig. 1 Main cross-sectional view

B Typical model fitted with the JFOISECVT [l

The Jatco CVT7 (JFO15E) continues to be mounted
on the new-generation Solio released by Suzuki Motor
Corporation in August 2015. Incorporating an auxiliary
gearbox and featuring wide ratio coverage, the JFO15E
ensures a highly responsive vehicle launch and acceleration
performance, while combining quietness during high-
speed driving with better fuel economy. It contributes
greatly to improving fuel economy, helping the Solio to
attain class-leading fuel economy of 27.8 km/L under
Japan's JCO8 test mode. The Solio is Suzuki’s first mild
hybrid equipped with an integrated starter generator (ISG)
system in the small car class.

Table 1 Specifications of JFO15E

Torque capacity 118 Nm
Torque converter size 185 mm
Pulley ratios 2.200-0.550
Auxiliary transmission gear ratios Ist 1.821

2nd 1.000

Rev 1.714
Ratio coverage 73
Final gear ratio 3.882
Number of selector position 5
Overall length 349.2 mm
Weight (wet) 64 kg
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Introducing the Jatco CVT7 (JFO15E) for the Mitsubishi Mirage
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Fig. 1 Main cross-sectional view

The Jatco CVT7 (JFO15E) continues to be mounted
on the Mitsubishi Mirage that underwent a minor model
change and was released in Thailand in January 2016,
followed by rollouts in Europe and Japan.

The JFO15E contributes to a further improvement
in fuel economy with the addition of a coasting-mode stop/
start function, which was added to the existing Auto Stop
& Go (AS&G) system.

The clutch control of this CVT was also improved
to provide a better start-off feel when the engine is
restarted following activation of stop/start control. This
is accomplished by cutting off the drive torque, and it

contributes to improved product competitiveness.

Table 1 Specifications of JFO15E

Torque capacity 106 Nm
Torque converter size 205 mm
Pulley ratios 2.200-0.550
Auxiliary transmission gear ratios | 1st 1.821

2nd 1.000

Rev 1.714
Ratio coverage 7.3
Final gear ratio 3.882
Number of selector positions 6(P,R,N,D,Ds,L)
Overall length 370.5 mm
Weight (wet) 69.6 kg

B Typical model fitted with the JFOISECVT [l
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1. JMEX launches tool business with all-out support from

JATCO Tool, which celebrates a company milestone

JATCO Mexico (JMEX) held a kick-off ceremony for
its tool business division on January 15, 2015. JMEX's
tool sharpening division launched external sales with the
full support of JATCO Tool Ltd, in response to the demand
for tool sharpening service in Aguascalientes State where
many Japanese companies are located. Moreover, JATCO
Tool celebrated the 20th anniversary of its foundation on
April 14, 2015. When it was established as Fuji Tool, the
company had only 29 employees, but today the size of its
workforce has grown to more than 100 employees. During
the past 20 years, it has also expanded its sales channels
outside the JATCO Group, and sales to customers outside
the Group now account for approximately 50% of its annual

turnover.

JATCO TOOL
LBUSIVESS 01VISIoN~—y

J'N JM

2. JATCO exhibits at motor shows

JATCO exhibited its products at the Seoul Motor Show
2015 held at the Korea International Exhibition Center from
April 3-12, 2015. With engineering and sales offices in
South Korea, JATCO has participated in this biennial motor
show every event. This was JATCO's sixth consecutive time
to present a booth at this event.

JATCO also exhibited its products for the first time at
Auto Shanghai 2015 held at the National Exhibition and
Convention Center in Shanghai from April 20-29, 2015.
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This motor show attracted some 920,000 visitors and large
numbers of them visited JATCO'’s booth. Two of JATCO'’s
leading products, the Jatco CVT7 and Jatco CVTS,
were displayed at the booth along with a hybrid vehicle
transmission as well as 4-speed and 5-speed automatic
transmissions that JATCO markets in China, among other
products.

Moreover, JATCO also presented a booth at the 44th
Tokyo Motor Show 2015 held at the Tokyo Big Sight from
October 30 to November 8, 2015. Under the theme of
“JATCO Value Experience,” the JATCO booth displayed
the Jatco CVT7 W/R in its debut exhibition, in addition to
the CVT7 and CVTS8.JATCO also presented its CVT Future
Concept showing the concept of CVTs in future mobility
and a CVT Virtual Driving exhibition that featured virtual
reality technology. The advantages and potentialities of
CVTs were presented in various forms, which attracted

the strong interest of visitors and were highly acclaimed by

them.
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3. Participation in SAE Congresses and presentations of

technical papers

JATCO employees presented a total of 20 technical
papers at SAE conferences organized in the spring and
autumn of 2015 in China, the U.S., South Korea and
Japan. In addition to highlighting the ongoing evolution
of CVT technologies and control technologies, these
presentations also described JATCO's activities in a wide
range of technical fields, including advances in production
engineering and the progress of CAE techniques, among
other subjects.

JATCO also presented a booth under the theme of
“JATCO’s continuously evolving CVTs,” at the 2015

Automotive Engineering Exposition organized by the
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Society of Automotive Engineers of Japan, Inc. (JSAE)

and held concurrently with JSAE's annual spring congress
in May 2015. The CVT7, CVT8 and other products were
displayed at this event. JATCO also presented a booth at the
SAE World Congress & Exhibition in the U.S. and at the
SAE-China Congress & Exhibition.

4. Participation in CTI Symposiums

The President of JATCO Mexico delivered a Plenary
Speech entitled “Contribution to the World Market by
CVT Technologies” at the CTI USA Symposium held in
Novi, Michigan, on May 20-21, 2015. In addition, a JATCO
employee gave a technical presentation entitled “Advanced
CVT control to achieve both fuel economy and driveability.”

A JATCO executive gave a presentation entitled “How to
design market-specific transmissions for China” at the 4th
International CTI Symposium China held from September
16-18, 2015. A JATCO employee also gave a technical
presentation entitled “Evolution of a CVT with an auxiliary
gearbox.”

A JATCO executive gave a Plenary Speech entitled
“More active for greater customer satisfaction” at the
14th International CTI Symposium held in Berlin from
December 7-10, 2015. He explained JATCO'’s approach
to achieving customer satisfaction amid recent trends in
the automotive industry and customer needs. In addition,
JATCO employees gave technical presentations entitled
“Development of a new generation CVT with an auxiliary
gearbox,” which outlined JATCO’s newest CVT, and
“Advanced flexible production system for HEV CVT
assembly” that described JATCO's mixed production line

for conventional and HEV transmissions.
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-Advanced CVT control to achieve
both fuel economy and drivability

Mamiko Inoue
JATCO Ltd

5. First shipment ceremony for the new Jatco CVT7 W/R

JATCO Guangzhou Automatic Transmission Ltd. (JGZ)
held a ceremony on August 7, 2015 to mark the first shipment
of the new Jatco CVT7 W/R. Attending the ceremony were
approximately 1,100 JGZ employees, JATCO President and
Senior Vice President, JGZ President and numerous guests.
This product is the wide range version of the Jatco CVT7 that
was launched in 2009 as the world’s first CVT to incorporate an
auxiliary gearbox. This new unit is expected to further strengthen
the product competitiveness of JATCO'’s CVT lineup in China. It
is mounted on the Lannia released by Dongfeng Nissan Passenger
Vehicle Company in October 2015. (Further details about the
Jatco CVT7 W/R are given in the special feature of this issue.)

6. JATCO supports Kids Engineering sponsored by JSAE

JATCO participated in Kids Engineering 2015 that was
held at the Nagoya Trade & Industry Center on July 31 and
August 1, 2015. Programs were presented by a total of 20
organizations, and 5,242 children and parents came to this two-
day event. JATCO has been a supporter of this event since the
first year it was held. Approximately 160 participants took part
in JATCO's program entitled “What is a planetary gearset?”
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7. JATCO again this year supports Student Formula
Competition sponsored by JSAE

The 13th Student Formula SAE Competition of Japan
was held from September 1-5, 2015 at the Ogasayama Sports
Park (ECOPA). In this competition, student teams spend
approximately one year developing and building a small
Formula One style race car. The competition assesses their
overall “monozukuri” capabilities, including marketing,
planning, designing and manufacturing the vehicle, as well
as cost management and other aspects, not just vehicle
performance. This year 90 teams from Japan and abroad
participated in the event. JATCO and JATCO Engineering
Ltd provided support for this competition, and JATCO

employees also contributed to it by serving as judges.
8. Participation in VDI conferences

JATCO President & CEO delivered a Plenary Lecture
at the 14th International VDI Congress sponsored by
Verein Deutscher Ingenieure (The Association of German
Engineers) in Friedrichshafen, Germany, on June 16-17,
2015. He talked about various technologies achieved with
the flexibility of CVTs and future possibilities. A JATCO
employee also presented a technical paper describing the
Dynamic Step Shift (D-STEP) control incorporated in the
CVT7.

Two JATCO employees presented technical papers at
the VDI International Conference on Gears held in Munich,
Germany, on October 5-7, 2015. One of the papers was
selected for the second prize of the Best Paper Award given
to young engineers. This award was newly established at

the 2015 conference for the purpose of developing young

engineers and is targeted at engineers up to the age of 35.
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9. JATCO Guangzhou sponsors the CVT University Seminar

JATCO Guangzhou Automatic Transmission Ltd. (JGZ)
held the JATCO CVT University Seminar for Chinese
university students at its plant on August 5-6, 2015. At
this third seminar, 19 professors and students participated
from five leading Chinese universities which are engaged
in powertrain research. On the first day lectures were given
concerning trends in the automotive industry, overviews of
CVTs and HEVs and control technology, followed by hands-
on training in dismantling a CVT, test drives and other
activities. The second day was devoted to presentations
of research results achieved at each university, and lively
exchanges of opinions took place between the students and

JGZ employees.

10. JATCO Plant Tec obtains ISO 9001 certification

JATCO Plant Tec Ltd received certification to ISO
9001:2008 on September 25, 2015. This evaluation attests
to JATCO Plant’s successful implementation of a quality
management system as the basis for the envisioned

expansion of its business overseas in the future.
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11. Participation in the NISMO Festival

JATCO took part in the NISMO Festival sponsored by
Nissan Motorsports International Co., Ltd. at the Fuji Speedway
on September 25,2015. JATCO employee volunteers conducted
a test-drive session using a CVT-equipped vehicle specially
tuned for enjoying sporty driving. They also presented a
booth where actual CVT assembly line workers showed how
to assemble/disassemble a CVT, and various manufacturing
improvements invented by employees were displayed, among

other things. These activities were intended to give visitors a
deeper understanding of CVTs and JATCO.

12. ¥ baAF2O8E2Ti5
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12. JATCO Mexico’s No. 2 plant obtains ISO 14001

environmental management certification

JATCO Mexico (JMEX) held a ceremony on December
12, 2015 to celebrate the certification of its No. 2 plant to
the ISO 14001 standard. The plant secured this certification
in just 14 months since it launched production in September
2014. That is the shortest time for obtaining this certification
within the JATCO Group.
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1. Control apparatus for vehicle

(Figs. 1 & 2)
Application Number: 2010-245721
Application Date: 1.11, 2010
Patent Number: 5693151
Registration Date: 13.2,2015

Title:

Inventors:

Control apparatus for vehicle
Hiromichi Akebono,
Hideharu Yamamoto,

Kota Miura, Hisashi Saito
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[SUMMARY OF THE INVENTION]

In control apparatus for a vehicle, the vehicle including
a traveling mode in which a slip control is performed
for a clutch and a revolution speed control is performed
for the driving source such that a revolution speed at a
driving source side of the clutch becomes higher than that
at a driving wheel side of the clutch by a predetermined
revolution speed, an actual torque of a driving source of
the vehicle is detected, a command hydraulic pressure is
reduced from an initial command hydraulic pressure and
a post-correction command hydraulic pressure is set on a
basis of the command hydraulic pressure when a variation
in the actual torque of the driving source along with the
reduction of the command hydraulic pressure is determined
to end, when a vehicle stopped state is determined to occur
during the traveling mode.
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2. Coast stop vehicle

(Fig.3) (Fig. 3)
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A coast stop vehicle which stops an engine during the
travel of the vehicle is provided with a variator including
a pair of pulleys and a belt mounted between the pulleys
and capable of continuously changing a speed ratio. A
controller judges whether or not coast stop conditions
to stop the engine during the travel of the vehicle hold,
stops the engine when the coast stop conditions hold, and
prevents the speed ratio from being upshifted to a higher
side than a speed ratio at the time of starting the coast

stop control during the coast stop control.
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