CONTENTS

HEHS5 DA v t—2 /Special Message from New President

H Rzl 7 reg)<¢)J .................................................................................................... 1
The "Moles" Come to the Surface
® FZ

Takashi HATA
XTEE /Preface

Jatco CVTTE T O ) ettt et 5
The Jatco CVT7 and Monozukuri .
ARH  E

Seiji HONDA

455 /i1 Jatco CVT7TD AT

Special Feature . A Comprehensive Introduction to the Next-generation Jatco CVT7

He
—5 ?{- —_
CVT DL R HFE L T ceeeeeee 9
Background Behind Expanding Market for Eco-friendly CVTs . R
ANESS
Mika SUGITYAMA
AF
Mitsuru KIMURA
S 8|
Tomoaki SHIRAMIZU
VTN T — LD BERE L Z DM ME 7 T 2 A C VT v eeveeeeeemeeene ettt 17

V-platform Strategy and the Jatco CVT7 Supporting It
P
Tsuyoshi MORIYA

TJatco CV T T D AT B Al e 23
Introducing the Technologies of Jatco CVT7 Featuring an Auxiliary Transmission R
Il

Yoshiro NAKAGAWA

— Fe it —

Jatco CVTTH S 4l B HEARREDBI S oo vvre 30
Development of Ravigneaux Planetary Gear Set for Auxiliary Transmission of Jatco CVT7 . .
oA R HB

Junichiro TATEISHI

/J\ﬂﬁ%%}\)bﬁ:l‘//f_y—@ﬁ,ﬁ% ................................................................................. 36
Development of a Compact, Lightweight Torque Converter
M Wiz

Katsuhiko OKADA

A HO
Naoki TAKAHASHI

HE G

Nobuhiko FURUYA

]y

Yuusuke TACHIBANA



BRI NN — A IV T D BT v eeee oot 41
Development of a Small, High-efficiency Vane Oil Pump

Pl ez
Hiroyuki NISHIYAMA
RS I )
Akira SHIMADA
FRHE B ZE AT XNV IFCVTDNRIVR& T =) =BG oo 46

Development of Belt-pulley Assembly for Steel-belt CVT7 with an Auxiliary Transmission for Front-drive Cars

At iR

Mitsuyasu ISHIDOUYA
JIEE 0
Tomoo KAWAGOSHI
N DS
Kazuo NAGATA
G ER
Takuya IWNASAWA
R
Yuji TAKAHASHI
R CE I ERE DM S e FEHL U 7B 2 A D ZE B oo 52
Shift Control of Auxiliary Transmission that Delivers Fuel Economy Combined with Power Performance
e St ]
Ryosuke NONOMURA
Jatco CVTT D 5 T A & T A AR -+ v vvemeeemeen e et e 58
Newest Control System and Calibration Techniques for the Jatco CVT7
I UN
Masato MORI
—FE/ 3L —
Jatco CVTTHE FL HAL O T fE BE TR oo 65

Difficulties and Joys of Localizing Jatco CVT7 Production in China
ok e
= B A0

Tomoaki YOSHINO
ek B —
Yuuichi SATO
A Z R D R ATZ T 7 AT I T ARFE T D B FS v 74
Development of Final Test Technologies for Embodying Added Value .
TARRE  Hsg
Hideyuki CHIGIRA
Jatco CVT7 Pulley I LZ 7R AL 1/2NDELU) LA «+vveeeeniiii 30
Efforts to Halve Machining Takt Time of Jatco CVT7 Pulleys N .
LESN
Hajime KOUNO
I ER
Tatsumi TAKESHITA
DY M B OB AL, LCCALIZ B T A I R A e eveeeeeeee 87
JATCO'S Efforts to Procure Parts/Materials Locally and from LCC Suppliers W
E JX
Shigeru MASUDA
R i /D N | - I e VA e T P 96
Efforts to Improve Product Quality and Service . i
AOFEE

Takanao MORI



B daiB 7Y/ Introduction of Products
R HFESFEHBE /AT T FFEBCVT  Jatco CVTTD RN cooeerreiniiiie 102

Introducing the Steel-belt Jatco CVT7 for Front-drive Compact Cars

JEKHERT FFEHCVT Jatco CVTTDRE A voeeereii 103
Introducing the Steel-belt Jatco CVT7 for Front-drive Sedans

W —=BHBHEAIT FFEHOEAT JFOI3ED Al oo 104
Introducing the JF613E 6-speed AT for Front-drive Cars

AZXEMUT FEFHEJHCVT  Jatco CVTT DR Al coereeereneeemeea i 105
Introducing the Jatco CVT7 for Front-drive Cars

AZXEMUT  FEFHEJHCVT  Jatco CVTT DR Al cereeereneeee et 106
Introducing the Jatco CVT7 for Front-drive Cars

FEY 2 X /Topics

JYha —ﬂiﬁzﬁ@]\[f/ﬁx .......................................................................................... 107
Highlights of the Past Year

55T /Patents
U0 2 75 S T TN 0D 2 S JT T e eeeee e e e e 116

Continuously variable transmission and Control method thereof



HEROEDAYyE—

Special Message from New President

Y7Ly Ml R, EEEIRDL, HRALHD
DHLWERBZAS, iPad (¥1) &) —F 721 TH
W72 NOFEDFNZZF DR S DA A— T D3 Mg BRI FE D
AL, E-D. WEw, TyT VROl 72Z
DL, TDHRELDFHEENSB AL, T TlliPad
FHRL = MmICTERVwo 298, ttofFo
SETDSTHICIFE D RFTS, DWW OOH DiPad | L
WCLTLEIHE, COHMBERIERNTHL. £,
MOTI)Z—=DIF =73V (¥2) DBZEIThH-o7-&

> ) -

I

BRALT U=V THAIN. Bigsd,
B ALBZ, TS o7 BRI GE COERIER IR
DHZENTES, —H, MERRIIET TR
BT, MRBEME VST T A R B
WAEAZ)—=VIZHEL Y TMZES XD ETRRT WA,
%0y, ANRw IR, fHVGAARZEZOFME ML,
MV E I HZPOS AL mICED I Nb D28
HLEED, FOE, LZLDI—F—=ZZDEHY)
NZZHRL TV A,

&C, VYPaVEhAr— b~ Fvrh T A3y g
Y (QRFIWINT U AIY T gy ) THAHD, NFh—1—
=DV TEZTHI.

1

W EICHE [H<5]

The "Moles" Come to the Surface

ok

President & CEO

% FZ

Takashi HATA

While writing "portable tablet terminal,” I thought
what a hard expression it is to understand. Someone
who hears the simple expression iPad" can instantly
form a mental image of the product. After Apple
pioneered this product, the subsequent entry of many
competitors into the market has naturally made the
iPad just one of many similar products now available.
But the iPad has such overwhelming public
recognition that one unintentionally says company X's
iPad before the name of that maker's product comes to
mind. The same was once true of Sony's Walkman.”

What an incredibly global product the iPad is. It
readily transcends languages and national borders,
and anyone who obtains an iPad can begin operating
it instantly. At a glance, its simple appearance is
almost unfriendly-looking in color and pattern design.
All the information needed to operate the device is
entrusted entirely to the screen displays. Some of the
rival products subsequently put on the market may
perhaps be better in terms of specifications, the
convenience that comes with mastery of the device or
other small details. But the fact is that many users
have supported Apple's product development stance
regarding the iPad.

Turning now to the automatic transmissions (ATSs)
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that JATCO makes, let us consider our two-pedal
transmissions from the perspective of impartial users.

JATCO products also have true global appeal. As
products that provide driving comfort, they also
contribute to the global environment in terms of fuel
economy. Once people become accustomed to a two-
pedal transmission vehicle, they never go back to a
manual transmission. First-time car buyers in
emerging economies or people who switch from
scooters to four-wheel vehicles are not even initially
aware that two-pedal transmissions are products that
differentiate vehicles. From the outset, they think that
vehicles come with a two-pedal transmission. The
fact that it is not necessary to explain the
attractiveness of two-pedal transmissions is an
attribute they share with the iPad.

In the history of the automotive industry, the
transmission has long been an auto part with a modest
existence compared with its conspicuous, flashy
counterparts like the body design or engine. The
engineers responsible for transmissions have likened
themselves to moles that live quietly underground in
obscurity. Though transmission engineers are justly
proud of their work, this metaphor also has a tinge of
mockery and humility. However, the demands of the
times today have changed the value of transmission
engineers. Since the advent of this century, two-pedal
transmissions have been pushed into the role of
differentiating vehicles with respect to environmental
issues and fuel economy competition triggered by
soaring crude oil prices.

Two-pedal transmissions still have room for much
further improvement in performance compared with
internal combustion engines that are steadily
approaching the limit of their capacity for additional
improvement of fuel economy. The transition from
stepped ATs to continuously variable transmissions
(CVTs) has only just begun. How the next generation
of two-pedal transmissions evolves will determine the
form and marketability of future vehicles. And
JATCO, with its unparalleled global presence as a
specialist transmission manufacturer, will be a key
player in determining that future form. In short, the
"moles" have come out of the ground to the surface at
last.
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In recent years, the type and brand of two-pedal
transmission have become decisive factors in end
users' decision of which vehicle to purchase. It has
become widely recognized that the transmission plays
a principal role in bringing out a vehicle's
performance and attractiveness in terms of launch
smoothness and acceleration, not to mention fuel
economy. As this recognition has spread, it has also
changed JATCO's position. Today, JATCO's CVTs
are an established brand not only in Japan, but also,
for example, in China, which is now the world's
largest automobile market. In the coming years,
JATCO must have the brand strength to appeal
directly to end users in the same way that vehicle
brands do. Coming to the forefront and playing a
leading role means that our products will be exposed
to the more critical eye of many more consumers.
While we who work at JATCO feel rightly proud of
our products, we must once again question whether
we are mentally prepared for this role. With public
attention comes responsibility.

We are changing the world through our
monozukuri activities. Things that do not presently
exist suddenly take shape before our eyes. When
people begin to use a new product, its convenience
and comfort make them instantly forget the previous
situation. And people soon become accustomed to a
world in which such things are taken for granted.
Once the marketplace accepts a product that we have
created through much struggle over a long period of
time, it can take root unexpectedly quickly. Our
efforts to bring out the next generation of two-pedal
transmissions will determine the form that vehicles
take in the future. That is synonymous with giving
form to the vehicle marketplace of the future and to
the lives of the people involved. As quickly as
possible we must give concrete form to the future we
hold in our hands and announce its coming. That is
JATCO's responsibility to society. And I firmly
believe that we will definitely accomplish this
mission through the concerted efforts made by each
one of us.

(1) Ipad is a registered trademark of Apple Inc. in the United
States and other countries.

(2) Walkman is a registered trademark of Sony Corporation.
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The Jatco CVT7 and Monozukuri

ElEaRES Z NI
Exective Vice President Seiji HONDA

JATCO Technical Review No. 11 presents a
special feature focusing on the Jatco CVT7. This
product occupies a crucial position in JATCO's
current product lineup and will continue to do so over
the medium term. What is more, it has received high
acclaim from our automaker customers for its
performance and energy efficiency (vehicle fuel
economy). This undoubtedly signifies that the Jatco
CVT7 is also being highly praised by vehicle owners
who are the end consumers.

At JATCO, we are immensely pleased and proud to
be able to supply and contribute this remarkable
product to the global marketplace. To support
JATCQO's further global growth in the years ahead, we
must continue to provide attractive products like the
Jatco CVT7. This means continuing to anticipate and
provide products before consumers in the global
marketplace realize that is what they want, so that car
buyers will say: "actually, this is exactly the product I
wanted." We will need to exert more persistent efforts
than ever before if JATCO is to accomplish product
development backed by solid marketing and carry out
production operations at various locations around the
globe.

Today, circumstances in countries worldwide are
constantly changing. The speed of change in
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emerging economies in particular is beyond
imagination. If we make judgments based solely on
TV news and media images, we might think that low
levels of energy conversion efficiency are acceptable
in emerging economies or that it is all right to install
facilities with old-style environmental measures or to
adopt production methods that are not sufficiently
eco-friendly. If such ideas become the starting point
for the introduction of products or the construction of
assembly plants, we ought to realize that they will not
lead to good results even in the near future.

China has now grown to become the world's largest
producer and consumer of vehicles. Just ten years ago
China's annual production volume was 1.4 million
vehicles of which only 6% were equipped with an
automatic transmission (AT). By 2010, the production
volume had increased virtually overnight to 14.7
million units of which 32% were fitted with an AT,
and the market had become focused on customer
preferences (source: IHS Automotive, Q2 2011).
Meanwhile, China has come to account for 10.6% of
the world's consumption of petroleum resources and
25% of the world's carbon dioxide emissions. The
price of gas in China is about 7 yuan/liter, which is
certainly not cheap (source: Statistical Review of
World Energy 2011). While China continues to show
strong growth in the future, it can be expected that
there will be a shift to a regulatory framework and
concepts that place increasing importance on efficient
use of energy and resources. That change will
presumably take place at a much faster pace than
what has occurred so far in the developed countries. It
is projected that similar profound growth and change
might be achieved in the next few years or coming
decade in Brazil, Russia, India, Indonesia and other
emerging economies, as well as in some African
countries, though the scope will be influenced by the
amount of oil resources they possess.

JATCO has set a target of attaining net sales of one
trillion yen by 2018. It is our mission at JATCO to
develop and supply the CVTs and ATs that our global
customers require. In this way, we can reliably
support the attainment of both growth (including
improved driving safety, daily living comfort, etc.)
and environmental quality (including saving
resources, combating global warming, etc.) not only
in the developed countries but also in emerging
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economies. In this regard, the significance of
JATCO's existence and the world's expectations of us
are probably much greater than what we realize.
JATCO's share of the global CVT market in 2010
reached 48%. It is certainly no exaggeration to say
that JATCO is one of the world's top transmission
companies in terms of CVTs and ATs. JATCO also
has an enormous future potential that exceeds our
imagination. As a top company in this field, it is our
mission to continue to supply our global customers
with transmissions that are inexpensive, robust,
smooth shifting and ones that also deliver outstanding
fuel economy and driving comfort.

Building on the Jatco CVT7 as one of our notable
successes, let us all-JATCO employees, supplier
company partners and stakeholders—combine our
strengths in working together to achieve continued
substantial growth in the years ahead. There is no end
to our challenge.
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Summary This article describes the expansion of
vehicle sales and the increasing share of AT-equipped
vehicles in global markets, especially in emerging
economies. It also discusses JATCO's advantageous
position for providing ATs complying with tighter
environmental regulations and fuel economy
standards and meeting market demands for low cost.
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1. Introduction

Users are expressing an increasingly stronger
preference for fuel-saving products against a
backdrop of continuous efforts to reduce CO2
emissions for the sake of improving the global
environment. Moreover, vehicle sales are also
continually increasing in emerging economies and
customers in those markets are much more concerned
about lower fuel consumption than they were before.
One reason is that the price of fuel in relation to their
income levels is relatively high compared with the
situation in developed countries.

Against this backdrop, CVTs are recognized
globally as a key technology for improving fuel
economy, and their installation rate is steadily rising.
This article discusses the possibilities for further
expanding our CVT business in global markets in the
coming years.

2. Expansion of the Global Vehicle Market

It is forecast that the global vehicle market will
continue to expand toward the year 2020. Figure 1
shows the share of the global vehicle market for
various geographical regions and the projected rate of
change in their respective market size between 2010
and 2017. Currently, China, the U.S., Europe and
Japan account for the largest shares of the global
market. However, it is also clear that consideration

* T n A 2
Product Planning Department
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Fig. 1 Regional shares of global vehicle market and
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(Source: IHS Automotive)
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must be given to emerging economies in the future,
notably the so-called BRICs (Brazil (and other South
American countries), Russia, India and China).
Vehicle sales in China in 2010 totaled 18.5051
million units, exceeding the U.S. total of 12.7763
million units and making China the world's largest
auto market for the second consecutive year.
Presumably, the vehicle market in China will
continue to grow in the years ahead.

Figure 2 shows the actual and projected change in
vehicle sales in various markets to the year 2017. It is
projected that total vehicle sales worldwide will
approach 100 million units by 2017, an increase of
about 1.5 times compared with 2010's level. The bulk
of that increase will likely occur in the markets of
emerging economies.

3. Trends in CO2 Standards

Countries around the world are proceeding with
efforts to reduce CO2 emissions in order to improve
the global environment. Figure 3 shows the standards
adopted in various countries for reducing CO2
emissions by 2020.

The EU zone is the most aggressive about reducing
CO2 emissions, having set a target below 100 g/km by
2020. China has also set a reduction target close to the
EU's and is presumably working vigorously to
develop technologies for reducing CO2 emissions by
2020.

HiRR:ICCT Global Vehicle Fuel Economy and GHG
emissions Regulations for Light- and Heavyduty
Vehicles April 14, 2011

{Comparison of passenger vehicle GHG standards)
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Fig. 3 Trends in CO2 standards
Source: ICCT, Comparison of Passenger Vehicle
GHG Standards, Global Vehicle Fuel Economy and
GHG Emissions Regulations for
Light- and Heavy-duty Vehicles, April 14, 2011.
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Fig. 4 Actual and projected trends in sales volumes of
2-pedal transmissions for front-drive cars by gearbox type
(Source: IHS Automotive)
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Amid these circumstances, it is expected that
stronger competition to develop CO2 reduction
technologies will unfold among the automakers.
Examples of such competition in the Japanese market
include the rapid expansion of hybrid vehicles and the

appearance of electric vehicles, among other trends.

4. Evolution of ATs

Automotive ATs, referred to here collectively as 2-
pedal transmissions, have continued to evolve though
technological innovations designed to meet the needs
of each era. Because they offer greater driving ease
and comfort, their share has steadily increased, and
continuous efforts have been made to improve fuel
economy, shift performance and other attributes. In
recent years, more speed ranges have been added to
passenger vehicle transmissions and 8-speed ATs,
CVTs, manual-type dual-clutch transmissions (DCTs)
and other products have been put on the market.

Figure 4 shows the trends in the sales volumes of 2-
pedal transmissions for front-drive cars by gearbox
type. Among stepped ATs, conventional 4- and 5-
speed ATs will continue to be replaced by units with
six or more speeds. It is also projected that the
respective share of CVTs and DCTs will increase in
the coming years.

In the foreseeable future, there will continue to be
competition among ATs with additional speed ranges,
CVTs and DCTs as the preferred transmissions
matching the environmental performance of vehicles.
The ongoing technological progress of these
transmissions with their different features will

influence vehicle market trends in the years ahead.

5. Global Expansion of 2-pedal Transmissions

In addition to the Japanese, European and U.S.
markets, it is forecast that production and sales
volumes of 2-pedal transmissions will also increase in
emerging markets in the future, driven by consumer
preferences for greater driving ease and comfort as
economic development continues.

In trying to predict future trends for 2-pedal
transmissions, it is important to understand the
characteristics of each geographical region in order to
put the right products on the market. Accordingly, the
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conditions in each geographical region were surveyed
and the results are described below.

@ U.S. (including Canada and Mexico)

The U.S. and Japan are the two major AT markets
where automatic gearboxes predominate. Along with
the tightening of fuel economy standards in recent
years, the excellent fuel economy of CVTs has been
evaluated favorably by consumers in the U.S. market.
At the same time, the DCTs put on the market by
Ford and Chrysler are also attracting attention.

In the U.S. market, start-off acceleration is a crucial
factor. A key point will be whether the performance
of DCTs will be accepted by consumers compared
with that of CVTs.

@ Europe

The European market is large overall in terms of
volume, but the installation rate of 2-pedal
transmissions is low owing to various reasons. For
example, there is a general impression that AT-
equipped vehicles do not perform as the driver
wishes. Many also dislike the slipping of the torque
converter at start-off because it resembles the slipping
of the clutch in MT-equipped cars. Pragmatic views
on fuel economy and price are also widespread.

Nonetheless, it is estimated that 2-pedal
transmissions may account for around 30% of the
market in the future. It is expected that European-
created DCTs as well as CVTs will be the main
products promoting this increase.

@ China

For middle class consumers with an annual income
of $6,000 to $30,000, the important factors
considered when buying a vehicle are the sticker price
and fuel economy because the cost of gasoline is high
relative to their income. Small cars with an engine
displacement of 1.6L or smaller receive special tax
treatment and account for 50% of the overall market.
As of 2010, 30.6% of them were fitted with a 2-pedal
transmission. Competition among DCTs, CVTs and
automated manual transmissions (AMTs) is predicted
to intensify in the future as further efforts are made to
reduce prices and improve fuel economy.
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@ Brazil

Vehicles with an engine displacement of 1.0L or
smaller account for the bulk of the market. The
factors considered when purchasing a vehicle are the
sticker price, brand and fuel economy, in that order.
Among vehicles with an engine displacement of 1.6L
or smaller, 97% are equipped with MTs. On the other
hand, MT-equipped vehicles accounted for just 48%
of the sales volume of 1.6L or larger vehicles in 2009.

The principal automotive fuel is ethanol, which is
priced relatively low as a matter of policy.
Accordingly, 95% of the passenger vehicles sold in
2010 were flex-fuel vehicles, according to statistics
released by the National Association of
Manufacturers (ANFAVEA).

@®Russia

Vehicles with an engine displacement of 2.0L or
smaller constitute the core market segment. Shift
quality and rough road driveability rank among the
top factors considered when purchasing a vehicle.
Fuel economy is not given very high priority perhaps
because the price of gasoline is relatively inexpensive
relative to income levels. Approximately 90,000 used
Japanese passenger vehicles fitted with an AT or
CVT are imported annually.

@®India

Vehicles with a 1.0L class engine form the core
market segment. The sticker price and fuel economy
rank exceptionally high among the factors considered
when buying a vehicle. Presumably, one reason for
that is the fact that the price of gasoline is extremely
high relative to income levels. Vehicles for sale are
required to bear a label indicating the test mode fuel
economy. Serviceability is also a factor that must be
considered because of the custom of having repairs
done at small local garages.
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Table 1 Situation in various markets

China

| Basic and regulatory information

Increase in middle class consumers

(annual income: $6,000-$30,000) capable of buying vehicles.
Now expanding expressway network

(70,000 km in 2010; cf. 100,000 km in the U.S.).

High price of gasoline relative to income

(3¥90/L. Equivalent to about ¥400/L when calculated in terms of
starting salaries of university graduates).

Tax breaks for vehicles with 1.6L or smaller engine displacement.
Tightening of fuel economy standards

(Buy-back incentive system ends in 2011. Phase 3 standards
begin in 2012.).

CVT-, DCT- and AMT-equipped vehicles have sufficient fuel
economy to qualify for incentives.

| Market and consumer information

Small vehicles with engine displacement of 1.6L or smaller
have a market share of 50%.
Vehicle uses: commuting, shopping

2-pedal installation rate: 30.6% in 2010 — 38.5% in 2015
Results of consumer questionnaire surveys show strong
desire for 2—pedal units.

Strong interest in price and fuel economy.

Severe congestions in urban areas, with frequent stop—-go
driving. With expansion of expressways in the suburbs, strong
demands for acceleration in high—speed driving.

Demands for good fuel economy and driveability in all speed
ranges from low to high speed.

Russia

| Basic and regulatory information

Relatively high percentage (over 60%) of middle class
consumers capable of buying vehicles.

Many poor roads (bumps/dips, muddy, etc.).

Price of gasoline is relatively cheap relative to income.

No fuel economy standards or buy-back incentives.

Market and consumer information

Small cars made by Russian automakers have a high market share,
but foreign luxury brands are also sold.

Vehicle uses: commuting, family leisure, long trips

2—-pedal installation rate: 14% in 2010 — 17% in 2016.

Low level of interest in fuel economy (ranks 20th among
buying motives).

Strong demands for driveability to get over bumps/dips up
to 160 mm in size.

Strong demands for driveability on muddy roads. — Advantages
for torque converter—equipped vehicles.

AMTs have poor market reputation because of insufficient
driving torgue while shifting

(Toyota, Honda and Ford have withdrawn AMT-equipped vehicles.)
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Brazil

| Basic and regulatory information

Increase in middle class consumers
(annual income: $6,000-$30,000) capable of buying vehicles.

Few paved roads (10% of all roads).
Fuel price is relatively cheap because of the prevalence of ethanol
(E100: ¥54/L, E25: ¥108/L).

Tax breaks for 1.0L or smaller vehicles.
No fuel economy standards yet or buy-back incentives.

| Market and consumer information

Top market share for 1.0L or smaller vehicles that receive
tax breaks. Small cars of 1.6L or smaller displacement account
for about 80% of the total market.

Vehicle uses: shopping, commuting, family leisure on weekends
2—-pedal installation rate: 8% in 2010 — 12.6% in 2015

Driving styles similar to Japan's.
Strong demands for driveability and gradeability.

India

| Basic and regulatory information

Increase in middle class consumers

(annual income: $6,000-$30,000) capable of buying vehicles.
Lagging behind in the construction of an expressway network.
Extremely high price of gasoline relative to income

(¥125/L. Equivalent to about ¥900/L when calculated in
terms of starting salaries of university graduates).

Diesel fuel seems cheap by comparison, about 2/3 the price
of gasoline in 2009.

Adopted fuel economy labels in 2009.
Considering enforcing tighter fuel economy standards.
(CO2 target of 128 g/km in 2020, tightened from 179 g/km in 2011)

Market and consumer information

Many small cars, especially 1.0L or smaller cars are numerous.
High percentage of diesel vehicles.
Vehicle uses: commuting and shopping

2-pedal installation rate: 3% in 2010 — 8% in 2015

2-pedal transmissions are noticeably minor products.
Results of consumer questionnaire surveys show strong desire
for 2—pedal units.

Strong interest in price and running cost

(fuel economy penalty, high repair cost).

Severe congestion in urban areas with frequent stop—go driving.
Top driving speed of around 100 km/h because an expressway
network is still undeveloped.
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6. JATCO's strengths

6.1. JATCO's CVT lineup

JATCO began early on to focus on CVTs and
announced the world's first steel-belt CVT for use on
2.0L class front-drive cars in 1997. Since then, we
have developed a full lineup of CVTs, ranging from
small units for use on minivehicles to a CVT for
application to large vehicles fitted with a 3.5L class
engine. JATCO has consistently been a market leader
as a top CVT manufacturer. The CVT lineup has been
consolidated into two groupings, with a range of
torque capacities corresponding to small to large
engine displacements. This has increased the
production volume per series so as to hold down
Costs.

The JFO15E (Jacto CVT7) is JATCO's third
generation CVT with several new technical features.
These include an auxiliary transmission that
reconciles the use of downsized pulleys with wider
ratio coverage of 7.3, a revised layout that reduces
CVT fluid churning resistance, and a cooperative
control system for the belt-pulley assembly and the
auxiliary transmission.

These new technologies deliver outstanding start-
off acceleration and smooth driving performance to
create a transmission with high marketability.

6.2. Global monozukuri operations

JATCO opened an engineering center in the U.S. in
1995, in Korea in 1998, in France in 2003 and in
China in 2011, in order to respond quickly and
flexibly to customers' needs and wants worldwide.

JATCO has two overseas production centers, a
plant in Mexico that opened in 2005 and a plant in
China that began operating in 2009. In 2011, JATCO
decided to build its third overseas production center
in Thailand and construction preparations are now
under way.

We are building a global production network of
plants located close to the vehicle assembly plants of
our automaker customers (Fig. 5). We plan to
continue to expand our production centers so as to
meet customers' needs in the coming years as well.

JATCO has also built a global supply chain for the
procurement of parts. We are proceeding with
vigorous activities to select suppliers located near our
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production centers in Mexico, China and the ASEAN
region from the standpoints of avoiding tariff and
exchange rate risks and ensuring business continuity
management (BCM), among other factors.

Based on the global activities described here,
JATCO can stably deliver high-quality, low-cost
products to our customers through a network of parts
supply and production from optimal locations
worldwide.

7. Outlook for the Future

According to the forecast for 2017, vehicles with
an engine displacement of 1.6L or smaller will
account for 36% of the global vehicle demand, with
vehicle demand in the emerging economies
representing much of the total. It is crucial to develop
low-cost 2-pedal transmissions for the markets of
emerging economies, notably China. It is also vital to
develop high-performance 2-pedal transmissions in
order to defeat the competition in the U.S., Japan and
other developed countries.

Accordingly, the requisite conditions for the further
expansion of the 2-pedal transmission market in the
future will be to develop low-cost 2-pedal units
capable of clearing tighter fuel economy standards.
Affordable transmissions with excellent fuel economy
describe JATCO's CVTs to a tee.

JATCO's vision is to provide the world's best
products produced by the world's finest operations for
pleasing our global customers. In order to expand
sales further in the coming years, we aim to ensure
higher product quality while tirelessly pursuing cost
reductions.

Tomoaki SHIRAMIZU
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V-platform Strategy and the Jatco CVT7 Supporting It
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Summary Under the V-platform vehicle program all
performance attributes and functions are redesigned
in line with a new strategy never before deployed.

This article describes the V-platform strategy and
the role and contributions of the new Jatco CVT7 in
supporting it.
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1. Overview of V-platform

It is planned to produce V-platform vehicles in
principal emerging economies, including Thailand,
India, China, and Mexico, among others, and market
them in 170 countries worldwide. The sales target set
for V-platform products is to achieve combined
annual sales of over one million vehicles by 2013.

To accomplish that, V-platform vehicles must
possess overwhelming product competitiveness to
defeat rival models in developed countries, as well as
ample cost competitiveness to allow acceptable price
levels in emerging economies.

The following section describes the V-platform
strategy that attains such competitiveness.

2. V-platform Strategy

One target set for V-platform vehicles is to reduce
the vehicle weight and set a new benchmark. A
further target is to achieve a 40% improvement in cost
competitiveness compared with the previous vehicle
model, while ranking No. 1 in fuel economy in every
market. These targets are intended to give V-platform
vehicles overwhelming product competitiveness
(Photos 1 and 2).

All V-platform components are redesigned in terms
of their role, performance and functionality. In
executing new component designs, exhaustive studies
are conducted concerning weight reductions

* HEEE B (KR
Deputy Chief Vehicle Engineer
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Photo 1 New V-platform March for the Japanese market
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Photo 2 New V-platform Sunny for the Chinese market

obtainable by rationalizing vehicle structures. As a
result, a much lighter weight was achieved for the
new March/Micra that has become a new vehicle
weight benchmark.

2.1. Vehicle weight benchmark

The new vehicle weight benchmark is shown in
Fig. 1, where the vertical axis indicates the vehicle
weight (kg) and the horizontal axis shows the
projected surface area (m’). In developing the body
design of the new March/Micra, major structural parts
were straightened, cross-sectional dimensions were
increased, and beads and ribs were added to enhance
body strength. These measures made it possible to
reduce the plate thickness of components and to
eliminate certain cross members, which also
contributed to substantial weight savings.

Moreover, efforts were made to integrate parts with
the aim of improving quality. This integration of parts
helped to reduce mating structures of parts and
fastening/joining structures, thereby contributing to a
much lighter vehicle weight (Fig. 2).

A
/t )} 3

o

New March/Micra

Previous March/Micra

Fig. 2 Weight savings achieved by integration of
instrument panel parts
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In terms of the component parts of the overall
platform, functional integration led to an 18%
reduction of the part count compared with the
previous model. This created significant possibilities
for improving vehicle fuel economy, cost and quality.

2.2. Vehicle fuel economy

The target set for V-platform vehicles is to be No. 1
in fuel economy globally, as a shared attribute that
will underscore their strong competitiveness in every
region of the world. Accordingly, all of Nissan's cost-
competitive new technologies have been embodied in
V-platform vehicles. These include a new downsized
three-cylinder engine, the new Jatco CVT7 featuring
an auxiliary transmission, Nissan's first idling stop
system, segment-leading aerodynamic performance
and a lighter vehicle weight that sets a new
benchmark. As a result, the fuel economy target has
been attained.

2.3. Vehicle cost competitiveness

The cost competitiveness of globally built V-
platform vehicles has been enhanced by carefully
managing the total delivered cost (TDC). Key
measures for accomplishing this were the integration
of parts described above and maximization of the
local parts procurement rate. As a result of promoting
local purchasing, exceptionally high rates of local
procurement have been achieved, excluding the
powertrain. As shown in Fig. 3, the rates, including
procurement from LCC suppliers, are 93.7% for
production in Thailand, 95.0% for production in India
and 94.8% for production in China.

3. Contributions of Jatco CVT7 to V-platform Strategy

In conjunction with the development of the V-
platform, JATCO developed the Jatco CVT7 featuring
an auxiliary transmission and designed for small car
application. This CVT is an indispensable element
contributing to the success of the V-platform strategy.

The new Jatco CVT7 adopts an auxiliary
transmission to widen the overall gear ratio coverage,
lighten the weight and obtain a compact package. As
a result, it delivers powerful start-off acceleration
combined with improved fuel economy. The adoption
of the auxiliary transmission made it possible to
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Highest
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Friction 30% lower
Weight 13% lighter
Size 10% smaller

Fig. 6 Features of Jatco CVT7 with an auxiliary
transmission
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reduce the pulley diameter, which has contributed to
reducing fluid churning resistance inside the CVT.
That was accomplished by positioning the drive
pulley higher, thereby reducing fluid churning. As a
result, the Jatco CVT7 cuts friction by approximately
30% compared with the previous unit.

Additionally, the Jatco CVT7 achieves the world's
highest overall ratio coverage of 7.3:1. The adoption
of a lockup clutch damper with three levels of
damping characteristics allows the engine speed
during driving to be reduced to approximately 1000
rpm even for a three-cylinder engine. As a result, the
combination of the Jatco CVT7 and the HR12DE
engine on the new March/Micra enables the vehicle to
achieve a fuel economy figure of 30 km/L in the
vehicle speed range from 40 to 70 km/h even with the
air-conditioning system running, as shown in Fig. 4.

An idling stop system has also been newly
incorporated in the V-platform. The Jatco CVT7
adopts an interlock mechanism in the planetary
auxiliary transmission to prevent the vehicle from
slipping back on uphill grades when the engine is
turned off. This allows the idling stop system to be
used more frequently in diverse road environments,
including on uphill slopes, thereby reducing fuel
consumption (Fig. 5).

Aucxiliary
transmission

]

-_
1
L
1

1
1
1
1
1
1
L

e ) o

i m

Fig. 5 Interlock system in Jatco CVT7

This interlock mechanism of the Jatco CVT7 for
preventing slipping on uphill grades contributed
significantly to the configuration of a lightweight,
compact and practical idling stop system suitable for
the V-platform. Notably, this is the world's first
application of such a mechanism.

The Jatco CVT7 is 13% lighter and 10% shorter
than the CVT used on the previous March/Micra
model, which naturally contributes substantially to
reducing the weight and improving the layout
efficiency of V-platform vehicles (Fig. 6).
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4-1. New Sunny for the Chinese market

Launch date

December 2010

Fuel economy
compliance

Complies with China's Phase III
standard (effective from 2012)

Fuel economy
competitiveness

Fuel economy standard
Segment leader 5.8 km (L)/100 km (CVT)

Sales results
(as of Sept. 2011)

Segment leader
(No. 1 for 5 straight months*)
17,559 units/month

Response by
customers/auto
journalists

Favorable:
Smoothness of Jatco CVT7 and
engine combination Excellent
fuel economy

Unfavorable:

Engine speed tends to flare up
during moderate acceleration
Insufficient start-off acceleration

*The Sunny ranked second in sales in April 2011 because
production was reduced due to the effects of the
earthquake/tsunami. Since then it has ranked No. 1 in its
segment for five consecutive months.
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4. Application of Jatco CVT7 to V-platform and
Market Response

Figure 7 is a map showing the markets where the
Jatco CVT7 is currently being used on V-platform
vehicles as of September 2011. This map is for a new
global sedan, the second model to be built on the V-
platform, which is being introduced in accord with
fuel economy levels and the sales situation in various
markets.

The response of customers and automotive
journalists differs slightly from market to market, but
there have been many favorable comments regarding
the excellent fuel economy and smoothness of the
Jatco CVT7. This indicates that the combination of
the new global sedan and the Jatco CVT7 is being
well received in markets worldwide (4-1 to 4-3).

4-2. New Versa for the North America market

Launch date

September 2011

Fuel economy
compliance

Complies with U.S. CAFE

standard

Fuel economy
competitiveness

U.S. combined city/highway mileage rating
Segment leader 33 mpg (CVT)

Sales results

Segment leader
6,777 units/month

Response by
customers/auto
journalists

Favorable:

Smoothness of CVT

No rubber band feeling in
ordinary driving
Unfavorable:

Engine speed rises too high
during WOT acceleration
Dull acceleration
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4-3. New Almera for the Thailand market

Launch date October 2011

Fuel economy | Complies with Thailand's eco-

compliance car certification standard
(only the March and Almera
comply with this standard)

Fuel economy | The only eco-car certified sedan

competitiveness | 5.0L/100 km (CVT)

6,528 units ordered in first
month after Oct. 7 release

Sales results

Response by | Favorable:
customers/auto | Smoothness of CVT
journalists CVT is ideal for city driving

Unfavorable:

Noisy during kickdown shifting
Dull acceleration but no
problem for an eco-car

5. Conclusion

This article has described the role of the Jatco
CVT7 in the V-platform strategy. Jatco CVT7-
equipped vehicles currently account for
approximately 30% of overall V-platform vehicle
sales. As indicated in Fig. 8, the installation rate of
the Jatco CVT7 is still low in emerging economies.

Considering the sharp rise in fuel prices due to
recent unstable global circumstances and the need to
reduce CO2 emissions worldwide, it is clear that
market demands for better fuel economy will become
even stronger. That trend will probably become more
pronounced in emerging economies as well. For that
reason, it will be necessary to continue to improve
CVT performance and to vigorously promote the
adoption of CVTs in emerging economies.

Tsuyoshi MORIYA
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Introducing the Technologies of Jatco CVT7 Featuring an Auxiliary Transmission
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Summary JATCO launched production of the Jatco
CVT7 in the Fuji area in July 2009. This next-
generation CVT can cover a wide range of
applications, combining the coverage of existing
CVTs for use on minivehicles and small cars.
Moreover, it also features an auxiliary transmission
for substantially improved vehicle fuel economy. This
article describes the overall development of this new
CVT and the latest technologies it embodies.

1.3C®IC

Y b (BR) 1, 200947 HiZJatco CVTTD A
FEErE LM THIBLZ., ZOCVTIFERDIRH
B ACVTE /NI I CVTZ AL & L 7218 A\ 58
WIRE A N—F HEFEIIFIC, BIEEEELH T4

CIZE)RIEREREZFEHL/NICVTTH .

VEAR, EHE R Ao THi Bk R BE R E A O RS
FTETEELHT, HEHEER CTIIRE R LB
EHEFFOH AN B AL T0D, WAWALR
B EHEM A EREINL%T, CVTIZZFDOHT
bENLBEMDO—>THY), ZOKFEDMIZHKZA—
H—TEFDY 2T RIETTE].

Fig.1 Jatco CVT7

1. Introduction

JATCO began producing the Jatco CVT7 in July
2009. This small CVT has a broad range of
application, combining the coverage of existing CVTs
used on minivehicles and small cars. It also provides
substantially improved fuel economy as a result of
incorporating an auxiliary transmission.

Amid the heightened concern about global
environmental issues in recent years, including
stricter laws and regulations, the automotive industry
sees improvement of vehicle fuel economy as an
important way of contributing to environmental
sustainability. Among the various measures being
taken to improve fuel economy, CVTs represent one
of the most effective technologies available today.
These last few years all of the automakers have
increased the proportion of their product lineup fitted
with CVTs.

The Jatco CVT7 is slated to be used on a wide
range of vehicles from minivehicles to small cars.
This article presents a product overview of the Jatco
CVT7 and the principal technologies it incorporates

(Fig. 1).

Yz MEER
Project Promotion Office
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Table 1 Product Concept

Major features

7.3

Ratio coverage (6.0 for a conventional CVT)
Friction reduction 30%?* (compared with an existing CVT)

Welght reduction 13%?* (compared with an existing CVT)

Length reduction 10%* (compared with an existing CVT)

*Based on a simple comparison done at JATCO with an existing JATCO
CVT of the same class
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2. Product Overview and New Technologies

2.1. Product concept

The Jatco CVT7 was designed and engineered
around the following product concept (Table 1).

(1) To provide both lower fuel consumption and
better power performance through ultra-wide
ratio coverage

(2) To improve fuel economy by reducing friction

(3) To achieve common application to both
minivehicles and small cars through downsizing
and weight reductions

Demands for improved fuel economy are
increasing worldwide today from both environmental
and economic perspectives. Automakers everywhere
are accelerating their work on environmentally
friendly vehicles, including electric vehicles and
hybrid vehicles, in order to improve fuel economy
and address environmental issues. However,
considering the potential effect with respect to global
sales volumes, it is essential to improve the fuel
economy obtained with transmissions mated to
volume-selling reciprocal engines in order to reduce
CO2 emissions over the widest possible area.

At the same time, it is also necessary to enhance
"driving pleasure," which is one of the intrinsic
attractions of vehicles. The Jatco CVT7 provides
ultra-wide ratio coverage to deliver power
performance combined with lower fuel consumption.
Moreover, it is also the world's first CVT to be built
with an auxiliary transmission for achieving further
size and weight reductions (Fig. 2).

Conventional

v T“:?:i;

CVT

| New—Generatlon Compact CVT |

N

3:
_‘=-=t L'.zn‘rz. ”,{
.: ._'g,

Fig. 2 Structural comparison




Jatco CVT7 DB

22.CNTZA4vFv7

DY MEEABEHA»OHER &3Sy ML T A
FTOCVTINIA L F v TR FEHLTBY, B
BIEEEHE)E A N B - B - KA B o
AMEREME L 2 R > C&72. Jatco CVTT7ILEIZE 4%
DIEIMZ XD H B H NV 2 18 TN —
BHIENTEZ, NI B HH B KL I AN
IR B RkL 72 (Fig. 3). 4 [MIBA%EL 72Jatco CVT7
D#FHILERT (Table. 2).

Torque Capacity [ Nm ]
400 Development Level
350 H B common unit
; - New Design

300 7| i

250 |

200 7 :

150 :

100

50 :

CVT for FWD NEW CVT for FWD
Fig. 3 Torque range
2.3. 18i&

BEERIIM Iy N—y—FF L, TP
MOEDATINVZIE, ZOMNT AL IN=F =50
YEEVESL, EHREBEETHLNIVIET =)=
REIND. TU CHEIZEBEE L 74 OB A%
e fil, V¥ rvaryExenLl T, TI7FY
\ZED et O B E) % BRE) 5.

~ =¥ :Torque Flow

Counter Gear
Eng. Ax

- <:I Input from Eng.

Torque Converter

Auxiliary Gearbox

Final Reduction Gear

Oil Pump

Fig. 4 Main cross section

2.2. JATCO's CVT lineup

JATCO offers a full lineup of CVTs, ranging from
units for use on minivehicles to a CVT for vehicles
equipped with a 3.5-liter class engine. The CVT
model mix has so far consisted of four types designed
for application to minivehicles, small cars, midsized
cars and large cars. With the addition of the auxiliary
transmission, the Jatco CVT7 alone can cover both
minivehicle and small car applications. This allows a
larger production volume that contributes to reducing
costs (Fig. 3). The specifications of the newly
developed Jatco CVT7 are given in Table 2.

Table 2 Major specifications

ttem Jatco CVT7 J Conventional-CvV'T
Torque capacity 150 Nm 150 Nm
Gear ratios |Ratio coverage 73 6.0
Pully ratio 2.200~-0.550 2.561~0427
3.753 5473
Final gear ratio (0.967x3.882) § (1.486x3.684)
Sub planetaly gear ratio(1st) 1.821 None
Sub planetaly gear ratio(2nd) 1.000 None
Reverse gear ratio 1.714 1.023
Through low ratio 15.035 14016
Weight (kg) 67.5 774
Overall length (mm) 323.3 354.7
Distance betw een Pulley axles 147 156
Distance between 1st and 4th axles 183 186

2.3. Structure

The Jatco CVT7 adopts a torque converter as the
start-off element. Torque input from the engine is
transferred from the torque converter via a counter
gear to the belt-pulley system that functions as the
shift mechanism. Torque is then transferred via the
auxiliary transmission and the forward/reverse
changeover mechanism through the final reduction
gear to the differential and then to the right and left
drive wheels.

The oil pump that generates the hydraulic pressure
for torque transfer and shifting is positioned under the
first shaft and is driven via a chain system from the
input shaft connected directly to the engine. As with
conventional CVTs, the hydraulic circuit for the
control system is located in the oil pan below the case
(Fig. 4).
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2.4. Principal technologies
(1) Jatco CVT7

A conventional planetary CVT has only a
changeover mechanism for switching between
forward and reverse gears. In contrast, the Jatco
CVT7 features an auxiliary transmission that is
positioned downstream of the belt-pulley shifting
mechanism and can shift between two forward speeds
and one reverse speed (Fig. 5). The compact auxiliary
transmission is built with a Ravigneaux planetary
gear set in consideration of input frequency and for
compactness that reduces the overall CVT length.

The planetary auxiliary transmission adopted for
the Jatco CVT7 has gear ratios of 1.821 in first gear,
1.0 in second gear and 1.714 in reverse. In
comparison with a conventional CVT, it adds one
Low brake and one sun gear as additional elements.
When a vehicle is traveling in second gear, which is
used frequently, the planetary gear set is coupled
directly; it transfers drive torque only when a vehicle
is traveling in first gear or reverse (Fig. 6). As a
result, the tooth face width of the planetary gears was
reduced to achieve a structure with a highly efficient
layout.

- . Engaged elements

1st gear
clutch

Reverse clutch

2nd gear Reverse
clutch clutch

1st gear

2nd gear

Reverse

input Output

Reverse clutch

2nd gear clutch

1st gear clutch

Long pinion gear

Input Output Input Output

Fig. 6 Schematics of shift elements of the
auxiliary transmission

The addition of this auxiliary transmission to a
conventional CVT has resulted in one of the widest
ratio coverages among existing CVTs and stepped
ATs, which contributes to the attainment of both
power performance and low fuel consumption (Fig. 7).
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(2) Downsizing of pulleys

The parallel use of the planetary auxiliary
transmission and the belt-pulley system for ratio
changes in the Jatco CVT7 enabled the ratio coverage
of the belt-pulley assembly to be set at 4.0. This ratio
coverage allowed the outer diameter of the pulleys
and the stroke length to be reduced, enabling the Jatco
CVT7 to be mounted in the engine compartment of
both minivehicles and small cars. In addition, the
smaller pulley size contributed to an approximately
30% weight reduction for the pulleys, which are large
components of a CVT, compared with existing
pulleys (Fig. 8).

(3) Friction reduction techniques

The layout of the Jatco CVT7 has the counter gear
positioned between the first and second shafts, the
belt-pulley assembly between the second and third
shafts and the reduction gear between the third and
fourth shafts.

The primary pulley on the pulley input shaft, which
is the first shaft of an ordinary CVT, is positioned
higher than in existing CVTs (Fig. 9). This enables
the primary pulley to rotate without touching the CVT
fluid surface, thereby reducing fluid churning for a
reduction of friction loss.

Pri pulley Sec pulle

2nd _axis 3rd _axis

Increased §_
distance

1st _axis

. 4th_axis
Transmission oi

Fig. 9 Axis layout
During steady-speed driving, a CVT usually

operates at maximum efficiency in terms of belt
friction at a pulley ratio near 1:1. The Jatco CVT7
uses the first gear of the auxiliary transmission to
secure an overall reduction ratio advantageous for
good start-off acceleration. This allowed the final
reduction ratio to be set smaller than that of existing
CVTs.
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As a result, compared with existing CVTs, the
Jatco CVT7 can operate more often near a pulley ratio
of 1:1 where the efficiency of the belt-pulley system
is higher, when traveling in the second gear at the
same vehicle speed. This makes it possible to reduce
CVT friction (Fig. 10).

3. Shift Control of Auxiliary Transmission

CVTs have a good reputation for smooth
acceleration free of shift shock compared with
stepped ATs. It was desired to achieve the same
smooth acceleration as that of conventional CVTs for
the Jatco CVT7 with its auxiliary transmission. In
order to ensure smooth shifting, fluctuations in engine
speed and torque must also be suppressed while the
auxiliary transmission shifts. As a way of
accomplishing that, a cooperative control system was
adopted that coordinates the shifting of the belt-pulley
system and that of the auxiliary transmission (Fig.
11).

Executing this kind of cooperative shifting requires
fine-tuned control over the shifting action of the
auxiliary transmission. That has been achieved by
adopting various adaptive learning control features
that compensate for the CVT fluid response
characteristics and variation in the performance
characteristics of both the releasing-side and
engaging-side clutches. Feedback control has also
been adopted for real-time feedback of information
during the progress of a shift.

Moreover, the auxiliary transmission shifts from
first to second gear near the highest shift ratio of the
belt-pulley system so as to minimize torque
fluctuation when the transmission shifts. A control
feature has been adopted for shifting the auxiliary
transmission to second gear when the belt-pulley
system is on the Low ratio side. This facilitates more
frequent use of second gear with its good torque
transmission efficiency at a small throttle opening
where vehicles are frequently driven. This control
feature achieves both minimal shift shock and high

transmission efficiency.
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4. Conclusions

The newly developed Jatco CVT7 provides the
following benefits.

(1) Ultra-wide ratio coverage for power performance
combined with low fuel consumption

The adoption of the auxiliary transmission has
greatly widened ratio coverage to secure excellent
start-off acceleration as well as reduced fuel
consumption and quieter operation by allowing a
lower engine speed during highway cruising when the
Jatco CVT7 is used on minivehicles and small cars
with small displacement engines.

(2) Reduced friction
The adoption of a shaft layout different from
that of conventional CVTs made it possible to
improve power transmission efficiency.
(3) Size and weight reductions
The adoption of the auxiliary transmission allows
the use of smaller pulleys, making it possible to
develop a more compact CVT applicable to a wide
range of vehicles from minivehicles to small cars.
The lighter CVT weight also contributes to
improving vehicle fuel economy.
(4) Assurance of smooth shift quality
Smooth shifting characteristic of a CVT has been
achieved by adopting cooperative control of the
transmission and engine and by improving the control
accuracy of the clutch pressure needed for shifting.

It has become the mission of automotive
transmissions in recent years to contribute to
improving vehicle fuel economy as part of efforts to
address global environmental concerns. As a result of
undertaking the challenge to create a unique structure
that combines an auxiliary transmission with a
conventional CVT belt-pulley system, we have
succeeded in developing a new compact transmission
with exceptionally strong competitiveness.

Yoshiro NAKAGAWA
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Summary In July 2009, Jatco launched production
of the Jatco CVT7, the world's first CVT to
incorporate an auxiliary transmission. This article
describes the structure, operating principle and major
technical features of the Ravigneaux planetary gear
set adopted for the auxiliary transmission.
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1. Introduction

A planetary gear set allows shifting and forward-
reverse changeover to be executed on the same shaft.
This is one technology that Jatco has historically
adopted for its stepped ATs since the company was
founded. It is expected that this technology will
continue to be used in the two-pedal transmission
market in view of the demand in recent years for the
addition of more speed ranges to ATs for improving
vehicle fuel economy.

A planetary gear set has also been used over the
years as one part of the forward-reverse changeover
mechanism of CVTs.

The Jatco CVT7 is the world's first CVT to feature
an auxiliary transmission, which was adopted to
expand ratio coverage for the purpose of improving
fuel economy, while at the same time achieving a
smaller unit size. The auxiliary transmission is built
with a Ravigneaux planetary gear set that can be
shifted between two forward speeds, in addition to the
conventional forward/reverse mechanism.

This article describes the major specifications and
technical features of the Ravigneaux planetary gear
set adopted for the Jatco CVT7.

2. Major Specifications
2.1. Layout of parts

As shown in Fig. 1, a conventional JATCO CVT
(denoted as the previous JFOO9E model in the figure)

*Hhin Y AT LBIFERD
Hardware System Development Department
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Table 1 Planetary gear ratios

CVT Model Jatco CVT7 JFO09E
Type of planetary Ravigneaux | Double Pinion
|Gear ratio 1st 1.821 None
2nd 1.000 None
Rev 1.714 1.023
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has the forward-reverse changeover mechanism
positioned upstream of the variator, whereas it is
located behind the variator in the Jatco CVT7. This
position resulted from pursuit of optimum efficiency
for the overall CVT layout. The resulting layout
enabled the pulleys to be downsized and improved
vehicle mountability of the Jatco CVT7.

However, from the perspective of the planetary
gear set, the input torque increased by approximately
150-200% (varies depending on the engine
application) compared with the conventional CVT.
On the other hand, it was difficult to lay out the
planetary gears and the clutches, partly because of the
need to downsize the unit to create space for installing
the auxiliary transmission. One of biggest technical
issues for the Ravigneaux planetary gear set adopted
for the Jatco CVT7 was to accommodate the higher
torque level under these layout constraints.

2.2. Structure of Ravigneaux planetary gear set

As shown in Table 1, the Ravigneaux planetary
gears and clutches adopted for the Jatco CVT7
(JFOI5E) provide shifting between a 1st gear ratio of
1.821 and a 2nd gear ratio of 1.000, in addition to the
conventional forward-reverse changeover mechanism.

Figure 2 shows a 3D model of the Ravigneaux
planetary gear set, which was adopted after
considering how to reconcile an additional shift
function providing two forward speeds with the
optimal layout of the powertrain parts.

Pinion-INR

Pinion-OTR

Sun Gear-RR

Sun Gear-FR

Ring Gear

Fig. 2 Configuration of planetary gear set

A 2nd gear ratio of 1.000 means that the reduction
ratio of 1st gear and the step ratio are the same. In
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other words, the step ratio of this transmission
structure is 1.821. As the step ratio becomes larger,
the amount of energy absorbed by the clutches
increases, causing shift performance to deteriorate.

Accordingly, the number of gear teeth had to be
designed to satisfy the 1st gear ratio required for the
desired power performance, the step ratio required for
the desired shift performance and the layout
requirements. Therefore, a two-stage gear with two
different gear specifications was adopted for the outer
pinion (Fig. 3).

Next, the working principle of the planetary gear
set is explained. First, the structure of the
conventional forward-reverse switchover mechanism
is described using the schematic diagram and
collinear graph of rotational speeds shown in Fig. 4
for the double pinion planetary gear set adopted for
the JFOO9E CVT.

The conventional planetary gear set transmits drive
torque only when the vehicle is traveling in reverse
gear. The ring gear is stationary, while the sun gear
(SUN) rotates in reverse and outputs the rotational
motion input from the carrier (C). When traveling in a
forward gear, the sun gear and the carrier are engaged
by the forward clutch (Fwd/C) and the planetary gear
set rotates in unison. The rotational speed ratio is 1:1,
so the turbine torque is transferred directly to the
variator. The notation « in the figure is expressed as
the gear ratio (Zs/Zr) between the sun gear (Zs) and
the ring gear (Zr).

With this traditional structure, it has only been
necessary to ensure the strength and noise/vibration
performance of the planetary gear set of a
conventional CVT for operation in reverse gear.
Compared with the planetary gear set used in stepped
ATs, this structure has been advantageous with
respect to the usage environment.

In contrast, the planetary gear set adopted for the
Jatco CVT7 has to shift between two forward speeds,
as mentioned above. For that reason, it must have
sufficient strength and noise/vibration performance to
withstand driving modes equal to those of ordinary
stepped ATs. As the schematic diagram in Fig. 5
indicates, a rear sun gear (SUN-RR) and a low brake
(Low/B) have been added as new elements compared
with the conventional structure.
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High/C ) -: Operates
Low/B
PINION-OTR Low/B | High/C | Rev/B

Rev

1st

2nd

—

Input Output

Fig. 5 Schematic diagram of planetary gear set of
Jatco CVT7

In addition, the adoption of the Ravigneaux type in
which one carrier has two sun gears achieved a highly
efficient gear layout.

The operation of the Ravigneaux planetary gear set
is explained next using the collinear diagram of
rotational speeds in Fig. 6. The notation «1 in the
figure is the gear ratio between the front sun gear
(SUN-FR) and the ring gear, and « 2 is the gear ratio
between the rear sun gear (SUN-RR) and the ring
gear. When traveling in 1st gear of the auxiliary
transmission, the rear sun gear is stationary and the
carrier serves as the output member. In this state,
drive torque and rotational motion are transferred at a
reduction ratio of 1.821.

As shown in Fig. 6, a shift is executed by releasing
the low brake and engaging the high clutch. The
planetary gear set rotates in unison at that time and
the reduction ratio becomes 1.000. Moreover, as
shown in the collinear diagram, the pulley ratio of the
variator is also simultaneously shifted from High to
Low. Consequently, the front sun gear, which serves
as the input member, is engaged as its rotational
speed decreases. As a result, this facilitates shifting
while keeping the rotational speed of the carrier
constant, which works to reduce shift shock.
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3. Technical Issues

3.1. Measures facilitating smaller gear size

Figure 7 shows a map of typical contact ratios,
which is used here in making a relative comparison of
gears and sizes having different modules. The
horizontal axis shows the transverse contact ratio,
which expresses the size of the gear teeth (module,
etc.) and is determined by the contact length along the
line of action of a gear pair. The vertical axis shows
the overlap contact ratio that is an index specific to
helical gears and is expressed as the value obtained by
dividing the tooth face width by the axial pitch.

The planetary gears of the Jatco CVT7 are
positioned near the small end of the typical range of
the total contact ratio, expressed as the sum of the
transverse and overlap ratios. This clearly indicates
that the planetary gears of the Jatco CVT7 are the
gear size benchmark.

It is generally said that gears having a small total
contact ratio are at a disadvantage with respect to
noise/vibration performance. This issue was
addressed by adopting a phase difference design and
by using a prediction of dynamic tooth face
displacement to correct the targeted gear accuracy.

3.2. Measures supporting high torque capability

Micro-shot peening was adopted as a measure for
enhancing gear strength. For controlling residual
compressive stress, the sensitivity of stress to the air
pressure, shot weight and exposure time was found,
and a control range was determined that satisfies both
the gear strength requirement and production
requirements. Figure 8 shows one example of peak
stress values in relation to the air pressure of the shot
peening process.

As one example of the effect of micro-shot
peening, Fig. 9 compares the dedendum strength of
planetary gears with and without the shot peening
process.
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layout efficiency was adopted for the auxiliary
transmission of the Jatco CVT7 to meet the

downsizing requirements. Simultaneously, a micro-

shot peening process was adopted to ensure high gear
strength as well.
Finally, the author would like to express
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Development of a Compact, Lightweight Torque Converter
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Summary The torque converter adopted for the
Jatco CVT7 was downsized through a review of
torque converter size variations to achieve a lighter
weight and a shorter axial length for improved vehicle
fuel economy and weight savings. In addition, a low-
stiffness damper was adopted for the purpose of
improving fuel economy further. This article
describes the improvements achieved for this torque
converter.
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1. Introduction

A torque converter is a type of hydrodynamic
coupling that functions to dampen fluctuations in
engine torque and to amplify torque variably without
any external control according to the difference in
input and output rotational speeds. Nearly all
automatic transmissions today incorporate a torque
converter as the start-off element that provides an
excellent all-around balance of the performance
required of ATs, including reliability, responsiveness,
smoothness and driving force characteristics.

However, there have been strong demands for
further improvement of torque converters with respect
to fuel economy and weight. There are definite needs
for a smaller size and higher lockup functionality
while reducing costs.

This article describes the torque converter
developed for use with the Jatco CVT7 against the
backdrop of these requirements.

2. Challenge to Downsize the Torque Converter

2.1. Torque converter performance targets and degree
of attainment

The Jatco CVT7 had to be configured in a size that
would allow application not only to small cars but
also to minivehicles. That required shortening the
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overall torque converter length. A 15% reduction of
the axial length was set as a self-defined target.
Additionally, a weight reduction of 15% was set as a
self-defined target with the aim of achieving the
lightest weight in relation to the benchmark at that
time.

While the axial length had to be shortened and the
weight reduced, the hydrodynamic performance and
damping characteristics could not be any less than
that of the existing torque converter. Damping
characteristics in particular had to be achieved with a
damper having less stiffness than existing dampers
because lockup operation at a lower vehicle speed
was a requisite condition for improving vehicle fuel
economy.

Each target value was attained to the following extent:
Overall torque converter length:

17% shorter than the existing unit
Torque converter weight:

11% lighter than the existing unit
Damper torsional angle:

190% larger than that of the existing unit and with

three levels of damping characteristics

The methods employed to attain the targets are
explained below.

2.2. Torque converter size and weight reductions

® 17% shorter overall torque converter length
compared with the existing unit

® 11% lighter torque converter weight compared with
the existing unit

In order to shorten the axial length and also reduce
damper stiffness, the damper itself would necessarily
require larger layout space compared with the
existing torque converter. Therefore, taking into
account the performance characteristics required of a
CVT, it was decided to downsize the torus, or fluid
coupling circuit, that accounts for a large portion of
the size of a torque converter.

The first possibility we considered was to use a
fluid coupling. Lightening the weight of a
hydrodynamic coupling to its ultimate level would
result in a fluid coupling. However, because a fluid
coupling has no torque amplification effect, it could
not meet the power performance required of vehicles.

We then focused on the wide ratio coverage of 7.3,

which is one of the biggest features of the Jatco
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CVT7. In the through low state, the gears alone can
provide sufficient torque transmission, making it
possible to reduce the hydrodynamic performance of
the torque converter, especially the necessary torque
capacity. Moreover, we reasoned that expanding the
range of lockup operation would make it possible to
limit the region of torque transfer by the fluid to just
vehicle launch alone. The existing torque converter
size variations were then reviewed, and a smaller size
was adopted specifically for the Jatco CVT7 (Fig. 3).
This shift to a smaller size contributed significantly to
shortening the axial length and reducing the weight.

2.3. Necessity of a low-stiffness damper

Expanding lockup operation to a lower vehicle
speed might possibly worsen booming noise and
vehicle vibration during lockup. That would degrade
quietness, which is a critical vehicle attribute. The
Jatco CVT7 incorporates an auxiliary transmission
and downsized pulleys. Moreover, because the torque
converter is also smaller and lighter, this CVT has
less inertia than conventional transmissions. In
addition, the Jacto CVT7 will be mated to three-
cylinder engines that have larger speed fluctuations
than their conventional 4-cylinder counterparts. The
possible worsening of booming noise and vibration,
especially steering system vibration, during lockup
operation was an issue of concern.

The solution required reducing the stiffness of the
existing damper to a lower level. Various approaches
can be considered when reducing damper stiffness,
such as increasing the working diameter of the
springs, making the outer diameter of the springs
larger or increasing the torsional angle, among others.
However, considering vehicle mountability, it was not
possible to increase the layout in either the axial or
radial direction of the torque converter. Therefore, a
damper with three levels of damping characteristics
was developed in order to keep the size within the
required layout space and achieve the necessary
reduction in damper stiffness.

Figure 4 outlines the damper requirements
schematically. Reducing the stiffness of the first-level
spring (solid green line) did not cause any problem in
previous vehicle applications. However, a smaller
number of engine cylinders caused the resonance
orders to change; one that ordinarily occurred before
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the lockup vehicle speed tended to occur during
lockup operation (dashed yellow line). That change
was added to the torque fluctuation which occurred in
the stiffness region of the first-level spring, thereby
exceeding the steering system vibration limit,
specified separately from the booming noise limit. In
order to suppress that resonance, the stiffness of the
first-level spring had to be reduced further. Lowering
the stiffness of the first-level spring further would
require a larger torsional angle for the damper, but
that would make it impossible to dampen the engine
torque with the stiffness of the first-level spring. As
mentioned earlier, however, the torsional angle could
not be increased within the limits of the allowable
space. A viable solution was found during this
process by making an apparent stiffness change from
the first-level spring stiffness to the second-level
spring stiffness.

2.4. Structure of low-stiffness damper

A long travel damper (LTD) was adopted in order
to reduce damper stiffness. The structure of the newly
adopted damper with three levels of damping
characteristics is shown schematically in Fig. 5 in
comparison with the conventional structure. The
characteristics of the dampers are compared in Fig. 6.

The concepts of the two structures are compared
here in reference to Fig. 5. The conventional LTD is
constructed with a holding plate as the input and a
driven plate as the output. The two adjacent springs
that sandwich an equalizer plate have the same
stiffness. The springs act in tandem to generate the
first level of stiffness.

In contrast, in the newly adopted damper with three
levels of damping characteristics, the adjacent springs
sandwiching the equalizer plate have different levels
of stiffness. When the springs act in tandem, the
stiffness of outer spring B is less than that of outer
spring C. As a result, the lower-stiffness spring first
acts positively to produce the first level of stiffness.
The second level of stiffness is produced by the action
of the higher-stiffness spring, with the first-level
spring compressing tightly to become a stopper.

The adoption of this new damper with three levels
of damping characteristics enabled the damping
characteristics to be achieved at a lower level of
stiffness than before. This contributes to improving
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vehicle vibration characteristics during lockup
operation, as mentioned in the previous subsection.

In addition, the lower damper stiffness
characteristics were obtained without increasing the
part count of the damper, thereby enabling it to be
installed in the same space as the conventional
damper.

== Three-level damper
== Conventional damper
== | ow-stiffness damper

TORSIONAL TORQUE (Nm)

\\

| =

Fig. 6 Comparison of damper characteristics

TORSIONAL ANGLE (rad)

3. Conclusion

A torque converter is a key functional component
that contributes significantly to the power
performance and fuel economy of an AT-equipped
vehicle. Accordingly, its performance must be further
enhanced. In future work, we intend to direct
vigorous efforts toward developing higher lockup
performance and functionality so that the torque
converter will continue to be the principal start-off
element of ATs.

The authors would like to thank EXEDY
Corporation and various other people involved for
their cooperation with the development of this torque
converter.

Nobuhiko FURUYA  Yuusuke TACHIBANA
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Summary A next-generation high-efficiency vane
oil pump previously developed for a mid-sized CVT
was modified for use with a small CVT. This article
describes the development work undertaken to
incorporate various technologies in the new oil pump
for further improving vehicle fuel economy, reducing
the pump size and weight and achieving cost
reductions.
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1. Introduction

The oil pump supplies working fluid to the pulleys,
clutches and torque converter that are operated by
hydraulic pressure, lubricant to the gears, bearings
and belt, and fluid to the oil cooler. As such, it is a
vital part of a CVT.

Environmental concerns in recent years have
required a further reduction of oil pump friction for
improving vehicle fuel economy. It has also been
necessary to reduce the cost of the pump in order to
maintain competitiveness with other companies.

A high-efficiency vane oil pump was adopted for
the current mid-sized JFO11E CVT, resulting in a
substantial reduction of pump friction. In adapting
this oil pump for application to a small CVT, steps
were taken to improve fuel economy further, to
downsize and lighten the pump and to reduce costs.

This article describes the technologies incorporated
in the new oil pump developed for the Jatco CVT7,
which is designed for application to vehicles with an
engine displacement of 0.66-1.6 liters.

* SeATHAN s =
Advanced Technology Development Department
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Table 1 Major specifications of pumps

CVT7 JFO11E
Torgue capacity (Nm) 180 250
Installation configuration External External
Speed increase ratio 1.088/1.029 1.129
Basic displacement (cc/rev) 13.1/12.3 18.7
Oil pump type Vane Vane
Weight (g) 1050 1600
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0il Pump drive Chain

Fig. 1 Oil pump layout
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2. Major Oil Pump Specifications

Table 1 compares the major specifications of the
oil pumps used with the JFO11E (CVT2) and the Jatco
CVT7. The layout of the oil pump is shown in Fig. 1.

3. Features of Adopted Technologies

3.1. Improvement of fuel economy

A high-efficiency vane oil pump of the same type
applied to the JFO11E was also adopted for the Jatco
CVT7. The pump is characterized by its lower sliding
resistance and higher volumetric efficiency compared
with an internal gear pump. These characteristics
make it possible to reduce the theoretical discharge
rate, enabling the drive torque of the pump to be
substantially reduced.

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

A flow control value was built into this oil pump to
satisfy the conflicting performance requirements for
improved efficiency and prevention of cavitation.
Figure 2 shows the configuration of the hydraulic
circuit inside the pump.

The function of the flow control valve is to return
excess fluid to the pump suction side, while supplying
the necessary flow rate to the hydraulic circuit. The
flow passage geometry was designed so that the
excess fluid from the flow control valve is effectively
forced into the suction side of the pump. That
improves the supercharged pressure of the fluid
flowing into the vane chamber, which works to
prevent cavitation. A key factor in preventing
cavitation from occurring in the vane chamber is to
accurately determine the amount of excess fluid that
must be returned to the pump suction side. If too little
fluid is returned to the suction side, the supercharged
pressure of the fluid flowing into the vane chamber
will decrease, making it impossible to effectively
force the fluid into the suction side of the pump.

Cavitation will occur as a result.
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Fig. 2 Oil flow in pump

The flow control valve also has a strong relation to
pump friction. A choke is provided on the pump
discharge side for operating the flow control valve.
The choke raises the inner pressure of the pump,
which increases pump friction. Attempting to reduce
the friction induced by the operation of the flow
control valve would require a larger choke diameter,
but that would reduce the aperture of the flow control
valve. As a result, the volume of fluid returned to the
pump suction side would be reduced.

For the Jatco CVT7 oil pump, the flow rate
distribution was optimized to minimize the increased
friction attributed to the flow control valve.
Optimization of the flow rate distribution took into
account the higher operating speed of this oil pump
than that of the JFOI1E oil pump owing to the wider
range of vehicle application of the Jatco CVT7. The
distribution of the discharged flow and the return flow
to the suction side was therefore optimized by
considering that the supercharged pressure of the
fluid is greatly reduced by air that intermixes with the
fluid due to churning in the powertrain at high
operating speeds.

As a result of these measures, the friction caused
by the higher pump inner pressure was reduced by
approximately 30%.

3.2. Size and weight reductions

As shown in Table 1, the weight of the Jatco CVT7
oil pump was reduced by 550 gf compared with the
JFO11E pump. This weight reduction was achieved by
using aluminum for part of the cover and by reducing
the thickness of the rotor and cam ring in connection
with the lower discharge rate specific to this pump.
The new oil pump is also 12 mm shorter in axial
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Fig. 3 JFO11E vs Jatco CVT7 Oil pump
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length than its CVT2 counterpart as a result of
optimizing the suction circuit and the internal fluid
passages.

3.3. Cost reductions

Vane oil pumps are generally more expensive than
internal gear pumps owing to their structure.
However, large cost reductions were achieved for this
new oil pump by sharing parts with the JFO11E oil
pump that is already being mass-produced and by
sharing machining lines. The latter was accomplished
by providing a common boss (Fig. 4) as a machining
standard for both the JFO11E pump and the Jatco
CVT7 pump.

It was noted earlier that the flow distribution in the
new oil pump was optimized to facilitate higher
operating speeds. The increase speed ratio of the drive
chain sprocket of the new oil pump was changed in
order to provide the higher discharge rates needed by
small cars compared with those for minivehicles. This
made it possible to unify the pump specifications and
reduce the unit costs owing to the effect of larger
production volumes.

4. Conclusion

The development of this small, high-efficiency
vane oil pump resulted in a smaller, lighter and lower-
cost Jatco CVT7 that improves vehicle fuel economy.
(1) Fuel economy improvement

Optimization of the return flow volume to the
pump suction side reduces by approximately 30%
the friction generated by the higher pump inner
pressure due to the use of the flow control valve.

(2) Size and weight reductions

The smaller oil pump size and changes made to
the materials used reduced the pump weight by
550 gf compared with the JFO11E oil pump.
Additionally, the axial length of the new pump
was reduced by 12 mm for a more compact size.

(3) Cost reductions

The sharing of parts with the JFO11E oil pump
and the unification of specifications for the pumps
used on minivehicles to small cars achieved
significant cost reductions due to the effect of
larger production volumes.



BNENBIN— 2 F A VR T ORISR

(3) 2 AME K
JEOLIEAANVAR FLDER i L AL, 5~
INRIBL 6] — DR T2 R T A2 012&
LENFICT, RiFzaAMEHzFEZH T 5
ZENHHT.

WIRICARFTAVKRYTORIEICHIZ), S RKRD
W ETEVZKYB (8k) O B4R E 725 24 AL D
D AREH T 5.

B Authors

Acknowledgments

The authors would like to thank the people
concerned at KYB Co., Ltd. as well as many other
individuals within and outside JATCO for their
valuable cooperation with the development of this
vane oil pump.

Hiroyuki NISHIYAMA

1451

Akira SHIMADA



#i

FFEREIZTRETZ NIV FCVTONIL F&T — 1) —B%

Development of Belt-pulley Assembly for Steel-belt CVT7 with an Auxiliary Transmission for Front-drive Cars
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Summary In July 2009, JATCO launched
production of the Jatco CVT7 featuring an auxiliary
transmission and intended for small car application.
The adoption of the auxiliary transmission allowed
the ratio coverage of the belt-pulley assembly to be
reduced compared with that of JATCO's existing
JFOO9E CVT. As a result, the pulleys were
downsized, reduced in weight and their parts were
simplified. The road and traffic conditions in
emerging economies, which have been achieving
remarkable growth in recent years, were also taken
into account in developing the CVT7 so as to ensure
its global competitiveness. Efforts were especially
undertaken to develop a new belt-pulley assembly for
the CVT7. A new belt with 24-mm-wide elements
and two steel rings with six laminated layers each was
adopted to reconcile performance and quality with
improved productivity. This article describes the
development efforts undertaken and the features of
the new belt-pulley assembly for the CVT7.
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1. Introduction

Calls for improvement of vehicle fuel economy
have continually risen in recent years owing to global
environmental concerns and economic issues. In
addition, demand for ATSs has also tended to increase
sharply as a substitute for MTs accompanying the
construction of road infrastructure and rising incomes
in emerging economies where the growth of vehicle
demand shows no sign of weakening. Against this
backdrop, it is projected that demand for ATs with
high fuel efficiency will continue to increase further
not only in developed countries but also in emerging
economies in the coming years.

JATCO is currently producing a full lineup of
CVTs to accommodate a wide range of torque
capacities, from units for use on minivehicles to a unit
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Fig. 1 Comparison of pulley structures

for application to large 3.5-liter class vehicles. It is
projected that demand for small cars will increase
markedly in the coming years owing primarily to
demand for such vehicles in emerging economies.
Assurance of reliability, including strength and
durability, will be a key factor in developing CVTs
for small cars because vehicles are driven under much
harsher environmental conditions in emerging
economies than in developed countries.

This article describes the development process and
features of the belt-pulley assembly of the CVT7 that
went into production in July 2009.

2. Specifications of Belt-pulley Assembly of CVT7

As indicated in Fig. 1, the CVT7 incorporates an
auxiliary transmission for attaining wider ratio
coverage. As a result, the CVT7 achieves world-
leading ratio coverage of 7.3 as shown in Fig. 2. Yet
the ratio coverage of the belt-pulley assembly has
been set at 4.0, enabling a substantially smaller pulley
outer diameter and a weight reduction of about 30%
compared with the existing JFOO9E CVT.

-~
= /If/
8 Weight / 1 =
b} -~
& L .
o R
- | =
8 / < -
ks o = [ \ ~
> / _____ By F----- i n,
= ~
= 1 oo +-Reduced-about 30%
2} .
I Pulley diamete’r
i | Ll
| I
I[ 1 1 I
3.0 4.0 5.0 6.0 70 8.0 9.0

Ratio coverage

Fig. 2 Pulley weight benchmark

Table 1 Comparison of major specifications of belt-pulley assembly

Major specification JFOO9E CVT7
Year first adopted 2003 2006 2009 2012
Ratio coverage 6 4
Low 2.561 2.200
Pulley ratio -
High 0.427 0.550
Belt Number of ring layers 12 9 9 6
Sliding pulley half support Three-row roller bearing | Single-row cylindrical roller bearing
Pulleys Primary pulley pressure chamber Single Tandem
Centrifugal pressure cancelling mechanism With Without
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The main specifications of the belt-pulley assembly
are given in Table 1. For the purpose of reducing the
size and weight of the CVT7 pulleys, a single-row
cylindrical roller bearing was adopted to support the
sliding pulley half, a tandem pressure chamber was
adopted for the primary pulley, and the mechanism
for cancelling centrifugal pressure was discontinued.

The CVT belt is composed of elements and
laminated rings as shown in Fig. 3. The number of
ring layers is varied to satisfy the strength and
durability requirements corresponding to the
maximum torque capacity of the CVT in which the
belt is used.

At the time CVT7 production was launched in
2009, a phase 6 belt with nine-layer rings was used,
the same type as in the JFOO9E. Beginning in 2012, a
new phase 7 belt has been adopted that reduces the
number of ring layers to six.

3. Features of CVT7 Pulleys

3.1. Smaller, lighter pulley design

As mentioned in the previous section, innovations
were made to the pulley structure to reduce the weight
of the belt-pulley assembly. In addition, the features
of the CVT7 were also utilized to incorporate
measures for achieving a more compact size.

3.1.1. Lighter support structure for sliding pulley half

Prior to the CVT7, JATCO CVTs have generally
used three-row roller bearings to support the sliding
pulley half. As shown in Fig. 4, the support structure
of the CVT7 pulleys was redesigned to a single-row
cylindrical roller bearing. This design change also

Eliminating snap
ring grooves
shortened

the pulley axial
length

Snap ring groove
(2 locations)

from three-row to |

| Change
—— single-row

SN

Fig. 4 Measures for reducing weight of sliding pulley half
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made it possible to discontinue the snap ring grooves,
thereby allowing the pulley axial length to be
shortened and resulting in further weight savings.

3.1.2. More compact pulley size

Because the CVT7 features an auxiliary
transmission, its lowest pulley ratio of 2.2 is smaller
than that of other CVT models. This means that the
maximum pulley output torque is lower, so the
necessary belt clamping force (pulley thrust) is
smaller. This allows a smaller pressure-receiving area
compared with other CVTs as indicated in Fig. 5. As
a result, this structural feature of the CVT7 made it
possible to reduce the size and weight of the pulley
assembly.

Additionally, a single-side pulley pressure
modulation system has been adopted for the CVT7
that modulates only the primary pulley pressure. With
this system, the number of electronic solenoid valves
used for pressure modulation can be reduced by one,
thereby allowing a smaller valve body that serves as
the pressure control mechanism. The smaller valve
body enabled the overall height of the CVT7 layout to
be reduced, which contributed substantially to
lowering the weight of the unit and to suppressing any
increase in vehicle ground clearance.

However, with a single-side pressure modulation
system, it is necessary to increase the thrust
difference between the sliding halves of the primary
and secondary pulleys when shifting. Therefore, the
pulleys must be designed so that the ratio of their
pressure-receiving surfaces increases. The primary
pulley pressure chamber of the CVT7 adopts a
tandem piston for increasing the pressure-receiving
area without any increase in the chamber diameter.
The secondary pulley pressure chamber has been
designed with a smaller diameter so that the pressure-
receiving area can be reduced. Ordinarily, the fluid in
the secondary pulley pressure chamber is subjected to
large centrifugal force owing to the markedly higher
rotational speed of this pulley. That force causes the
hydraulic pressure in the chamber to rise. The
pressure produced by this centrifugal force is referred
to as centrifugal pressure, which can interfere with
proper pressure control. To avoid that, a mechanism
for cancelling centrifugal pressure has generally been
provided as shown in Fig. 6. Because the secondary
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pulley pressure chamber of the CVT7 has a smaller
diameter, the centrifugal pressure acting on the fluid
in the chamber is smaller. That allowed the
mechanism for cancelling centrifugal pressure to be
discontinued in the CVT7, enabling the size and
weight of the pulley assembly to be reduced.

3.2. Pulley impact resistance

To date, CVTs have mainly been used on vehicles
marketed in developed countries. The CVT7 was
developed on the assumption that it would also be
adopted on vehicles sold in emerging economies.
Accordingly, it was assumed that this CVT would be
used in harsher driving environments with more
severe impact loads applied to the belt-pulley
assembly from the tires.

Therefore, the start-off clutch has been positioned
behind the pulleys for the purpose of mitigating large
impact loads transferred from the tires. Releasing the
start-off clutch makes it possible to substantially
reduce the impact load applied to the belt-pulley
assembly. That allowed the design requirement for
assuring impact resistance to be relaxed when
executing the pulley strength design, which
contributed significantly to reducing the pulley
weight and size.

4. Features of New Type of Belt

The CVT7 initially adopted the phase 6 belt with
nine-layer rings and 24-mm-wide elements, which is
the same type of belt that has been used previously in
identical-size CVTs. However, a new phase 7 belt
with 6-layer rings and 24-mm-wide elements was
subsequently developed and applied to the CVT7.
This new belt was developed with the aim of
dramatically improving productivity, while ensuring
performance and quality, so as to meet the increased
demand for CVTs in recent years. One feature of this
new belt is the ring material, which is described
below.

The CVT belt rings are made of maraging steel,
one type of high-tensile steel. Because CVT belt rings
are thin plates of 0.2 mm or less in thickness,
inclusions in the steel are generally the origin of ring
damage.

For the rings of the new belt, the additive elements



FFERBIZE#T NI FCVTONIL F&T— 1 —BI%

100

O Phase 6 ring material

80

B Phase 7 ring material

60 |~

40

2

Number of inclusions per
normalized surface area [%]

5-10

Inclusion size Deircte [ zm]

‘When surface content of 210
5-10 xm size inclusions

of phase 6 belt = 100%

Fig. 7 Comparison of inclusion content between
old and new belt rings

5. & ®

CVT7IIEHHB HEAL/NIHEET ENBLIOE
AL O TOPLKEBSEI I S, fidt 85 & b
RCHBDTHF T OE NG MET S0, #H72l
NWI&T =) — D FEFEFRFEIZHD M A, RO
W BEAN - EM L TE. —TF, CVTOF—
e B OVRESE T, Ry atkR attlndt
FBAZEIZED, CVTTH#T6kE NV R4 52
LISTEIZEOMEST, HhblhredE, EElt
M EO Y FIFAZENRTE.

INLORERICEST, 4%, VLT, LB
BIZELWCVTA IR L THREERL, BRE
M REfR D — AT TELI RO EDBIZ,
S iRbMk it R B2 ATV, e O # % B W
RKOTWFHFTHS.

B Authors

were changed to markedly reduce the likelihood that
large inclusions would be present near the ring
surface (Fig. 7). This material change substantially
improved ring durability, making it possible to reduce
the number of ring layers from nine to six for the
CVTT7 belt.

5. Conclusion

It is planned to expand production of the CVT7 at
both domestic and overseas manufacturing centers for
application to a wide range of vehicles from
minivehicles to small cars. In order to achieve a
transmission with exceptionally high competitiveness
compared with the products of other companies, we
undertook fundamental development activities to
develop a new belt-pulley assembly. Many highly
effective measures were devised and adopted toward
that end.

As one of the key components of a CVT, a new 6-
layer belt was jointly developed with Bosch
Corporation for the CVT7. That development was
also notably effective in further improving the
performance and productivity of this unit.

It is hoped that the measures described here will
help to promote the spread of large volumes of more
reasonably priced, environmentally friendly CVTs
worldwide in the future and that they will play a
significant part in resolving various environmental
issues. We intend to undertake further efforts to
achieve continuous improvements in the coming
years in the pursuit of the ultimate automotive
transmission.

Mitsuyasu ISHIDOUYA Tomoo KAWAGOSHI

Kazuo NAGATA
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Shift Control of Auxiliary Transmission that Delivers Fuel Economy Combined with Power Performance
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Summary The most distinctive feature of the Jatco
CVT is the world's first application of an auxiliary
transmission for reconciling power performance with
fuel economy and achieving size and weight
reductions. This article describes the shift control
technology developed for the auxiliary transmission
to secure the same smooth shift feeling and
acceleration as that of conventional CVTs. Special
focus is put on the details of the shift control
technology needed to achieve the power performance
target.
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1. Configuration and Shift Patterns of Auxiliary
Transmission

The auxiliary transmission is positioned behind the
belt-pulley shift system and provides two forward
speeds and one reverse speed. On the forward speed
side, a low brake (LB) is engaged in 1st gear and a
high clutch (HC) is engaged in 2nd gear. Because the
auxiliary transmission is built without a one-way
clutch, 1st-2nd upshifts and 2nd-1st downshifts are all
executed by switching between the clutches.

The following is an explanation of the shift patterns
of the auxiliary transmission. First, there are two
types of upshift patterns for changing the auxiliary
gear ratio from 1st to 2nd gear. The first pattern is for
upshifting near the highest pulley ratio. This pattern is
selected for vehicle acceleration in the intermediate to
high speed range, for an automatic upshift at a certain
given accelerator pedal position, and for an upshift
when the accelerator pedal position changes because
the driver lifts up on the accelerator. The intention of
this pattern is to shift in the region of small input
torque to the auxiliary transmission so as to reduce as
much as possible the shift shock induced by switching
between clutches when the auxiliary transmission
shifts (Fig. 1).
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The second pattern is for shifting when the pulley
ratio is more on the low side than in the first pattern
above, such as an upshift when the driver lifts up on
the accelerator pedal at a low vehicle speed. The
strategy of this pattern is to intentionally upshift to
2nd gear so as to use a pulley ratio near 1:1 for
transferring power efficiently by the transmission
(Fig. 2). This pattern is aimed at improving fuel
economy at low vehicle/engine speeds where vehicles
are frequently operated in everyday driving.

Next, the pattern for a 2nd-1st downshift is
basically executed near the lowest pulley ratio. The
primary intention of this pattern is to minimize as
much as possible the shift frequency of the auxiliary
transmission. In addition to the pulley ratio, the
conditions in this pattern include the accelerator
depression speed, as determined on the basis of the
vehicle speed and the accelerator pedal position. The
idea is to judge the driver's intention to accelerate and
downshift accordingly. This makes it possible to limit
downshifts to situations where the driver's demanded
acceleration exceeds what is obtainable in 2nd gear of
the auxiliary transmission. As a result, it reduces the
frequency of shifting by the auxiliary transmission
and optimizes shift quality (Fig. 3).

Another downshift pattern involves switching
between clutches immediately after the vehicle is
stopped.
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2. Shift Technologies for Auxiliary Transmission

2.1. 1st -2nd upshifts

The method and purpose of controlling the clutch
pressure in the auxiliary transmission shift control are
basically the same as for conventional stepped ATs.
The only control procedure unique to the Jatco CVT7
is cooperative control with the belt-pulley shift
system in the inertia phase. In this control procedure,
the target pulley ratio is calculated based on the target
total gear ratio and the target gear ratio of the
auxiliary transmission. The pulley and clutch
pressures are then controlled in line with the two
targets so as to obtain the same engine speed profile
as with a conventional CVT and without causing any
engine speed discontinuity like what occurs with a
stepped AT.

Adaptive learning control is performed to learn the
clutch engagement points so as to reduce shift shock
caused by switching between clutches in the torque
phase. Adaptive learning control is also used to learn
the clutch torque capacity needed for engagement,
which works to compensate for initial variability in
hydraulic pressure and hardware dimensions and for
changes in characteristics due to aging, including the
coefficients of friction of clutch friction materials.

2.2. 2nd-1st kickdown shifts

The types of phases in 2nd-1st kickdown shifts are
the same as those of automatic 1st-2nd upshifts. The
method and purpose of controlling the clutch pressure
in each phase are virtually the same as for a
conventional stepped AT. A control procedure that is
unique to the Jatco CVT7 is described below.

First, simultaneously with a shift judgment, the
input rotational speed of the auxiliary transmission
(referred to here as the secondary pulley speed) is
raised to that of 1st gear. The optimum clutch
pressure is indicated at that moment so as to achieve
the target pulley speed change and thereby prevent
any vehicle acceleration delay (hesitation) due to
engine speed sluggishness or flare-up. At the point
where the secondary pulley speed has been raised to
that of 1st gear, the torque phase begins and switching
between clutches is performed.

Concomitant with the judgment of a 2nd-1st
kickdown shift, the line pressure, which is the original
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pressure for the clutches, is raised more than what is
normally necessary to a level where the clutch
pressures are stable so as to obtain stable shift quality
(Fig. 4).

2.3. Adaptive learning control for 2nd-1st kickdown shifts

Clutch pressures in each phase of a 2nd-1st
kickdown shift are learned so as to avoid vehicle
hesitation when the accelerator pedal is depressed and
achieve stable shift quality when switching between
clutches regardless of individual component
variability or deterioration due to aging. The details
of this adaptive learning control are explained below.

The duration from the start of the inertia phase to
the onset of the change in the secondary pulley speed
is monitored. Based on the relationship with a
predetermined target value, this control procedure
determines and learns the HC command pressure in
the first half of the inertia phase. It also monitors the
duration of the second half of the inertia phase and
whether there is any flare-up of the secondary pulley
speed. Based on the relationship with the target value,
the control determines and learns the HC command
pressure and the LB return command pressure in the
second half of the inertia phase as well as the rise
time of the LB command pressure in the torque phase
(Fig. 5).

Learning ideal pressure from differences
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of sec-pulley rotational speed
at check points

HC Pressure

i
LB Pressure Overshoaling or l'IOlI
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Rotational Speed ! Timing of launch ' ;
< 2> 4 >'€ >
Inertia Phase Torque End
(& Preparation Phase) Phase Phase

Fig. 5 Adaptive learning control for kickdown shifts

These adaptive learning control features serve to
stabilize the duration of the inertia phase and prevent
flare-up of the secondary pulley speed. Therefore,
vehicle hesitation is suppressed when the driver
depresses the accelerator pedal. Additionally, clutch
switching timing in the torque phase is stabilized,
thereby providing stable shift quality to deliver
smooth shift performance equal to that of
conventional CVTs (Fig. 6).
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2.4. 2nd-1st shift control at vehicle stop

A conventional stepped AT executes a coast
downshift while a vehicle is still moving, but the
Jatco CVT7 executes a 2nd-1st coast downshift after
the vehicle stops, rather than while it is moving. The
reason for that is as follows. At mentioned earlier, the
belt-pulley system is located before the planetary
auxiliary transmission. The actual pulley ratio when
the auxiliary transmission shifts changes according to
the rate of deceleration. Because the input torque to
the auxiliary transmission also changes, the level of
shift shock cannot be kept stable. The details of this
control procedure are explained below.

There is no inertia phase while a vehicle is at rest
because the secondary pulley speed cannot be
changed, unlike the shifting of the auxiliary
transmission. Judgment that the vehicle is stationary
is made based on the suspension of the signal pulses
from the rotational speed sensors on the primary
pulley shaft, secondary pulley shaft and the output
shaft, rather than using the vehicle speed. This
strategy facilitates reliable detection that the vehicle
is stopped. After judging that the vehicle is stationary,
the clutches are immediately switched in the torque
phase. The LB command pressure is raised in
consecutive steps, taking into account a possible
response delay of the LB pressure due to the
accumulator provided in the LB hydraulic circuit. The
HC command pressure is ramped down and the upper
engine torque limit is also controlled. This control
procedure serves to prevent insufficient clutch torque
capacity if the driver depresses the accelerator pedal
while the auxiliary transmission is shifting (Fig. 7).

3. Conclusion

This article has described the world's first
cooperative control technology for a belt-pulley
system and an auxiliary transmission as well as clutch
pressure control techniques using adaptive learning
control. These shift control features achieve a smooth
shift feeling and acceleration equal to conventional
CVTs.

Two years have passed since the Jatco CVT7 was
released. During this time, we have been working to
develop new control techniques for further improving
its performance. Special priority has been put on
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developing a control procedure for improving
acceleration performance at the time of a 2nd-1st
kickdown shift, which is a high priority item. It is
planned to implement new control procedures
successively in the Jatco CVT7, which can be
expected to result in further improvement of auxiliary
transmission performance.

Ryosuke NONOMURA
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JATCO released the small CVT7

incorporating the world's first auxiliary transmission

Summary

for achieving fuel economy combined with power
performance in a smaller and lighter package. This
article describes the techniques used to calibrate the
shift controls applied to the auxiliary transmission of
the Jatco CVT7.
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1. Introduction

In July 2009, JATCO successfully launched
production of the small CVT7 featuring an auxiliary
transmission. The addition of an auxiliary
transmission gives the CVT7 much wider ratio
coverage than conventional CVTs, making it possible
to improve both power performance and fuel
economy substantially. However, incorporating a
stepped planetary auxiliary transmission in the CVT7
gave rise to a critical issue of ensuring the smooth
shift performance demanded of a CVT.

This article describes the control system and
calibration techniques developed by the Product
Performance and Control System Experiment Group
to achieve seamless shift performance equal to that of
conventional CVTs.

2. Ist-2nd Upshifts of Auxiliary Transmission

2.1. 1st-2nd upshifts during power-on acceleration

During vehicle launch acceleration, the auxiliary
transmission automatically upshifts to 2nd gear and
the pulley ratio is downshifted to the extent of the
step difference between 1st and 2nd gears of the
auxiliary transmission. This control procedure ensures
continuous shifting to the high ratio side as the
vehicle accelerates without any fluctuation in engine
speed (Fig. 1).

To actually accomplish that, the upshifting of the

* FLERER

Experiment Department
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auxiliary transmission and the downshifting of the
pulley ratio must be done symmetrically and
accurately. If that is not done, the total gear ratio will
fluctuate up and down, causing the engine speed to
vary and giving the driver an unpleasant sensation
(Fig. 2). To avoid that, it is necessary to coordinate
and harmonize both the action of the auxiliary
transmission and that of the belt-pulley system so that
both shift smoothly.

The auxiliary transmission is affected by many
fluctuating factors, including the accuracy of the
estimated engine torque, clutch clearance and friction
material characteristics, and hydraulic pressure
response, among others. Even if shifts are executed
under the same driving conditions, the operating
environment or individual component variability may
cause engine speed flare-ups or dips during shift
control, thereby giving rise to unstable vehicle behavior.

Therefore, the clutch pressure is learned in order to
absorb such individual variability. Adaptive learning
control of clutch pressure behavior is performed for
each CVT component so as to absorb individual
variability and ensure smooth, stable shifting.

A calibration technique is needed here for
determining the region of adaptive learning of the
clutch pressure. For example, in an automatic 1st-2nd
upshift, the clutch command pressure varies
according to the magnitude of the estimated engine
torque sent from the engine control unit via CAN
communication. Adaptive learning control of the
clutch pressure works to absorb differences between
the estimated and actual torque values.

However, torque estimation accuracy is not the
same in all speed ranges. Error of the estimated
torque value tends to differ between low engine
speeds with a small throttle valve opening and high
engine speeds with a large throttle valve opening. For
example, consider a vehicle mounted with an engine
where the actual torque tends to be is less than the
estimated value for a small throttle valve opening and
larger than the actual value for a large throttle valve
opening. If the vehicle is accelerated repeatedly at a
small throttle valve opening, the actual torque will be
learned only in a region that is lower than the
estimated torque. In this case, the AT control unit will
calculate the clutch torque capacity needed for clutch
engagement at a higher level than what is actually
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required. As a result, adaptive learning compensation
will work to lower the clutch command pressure.
Under this condition where a lower clutch pressure
has been learned, the required pressure for an
automatic 1st-2nd upshift with a large throttle valve
opening will be insufficient. This will make it
impossible to control the increase in clutch speed and
will result in a speed flare-up.

The situations described above actually occur and
can influence adaptive learning control. Therefore,
the estimated torque and actual torque were measured
experimentally and a region was determined where
adaptive learning control would not be influenced by
the divergence in values. Optimized calibration of the
region where adaptive learning control is allowed
thus works to improve the convergence and stability
of the control procedure.

2.2. 1st-2nd upshifts with accelerator released

In the automatic 1st-2nd upshift described above,
the engine speed is maintained, whereas in a 1st-2nd
upshift with the accelerator pedal released the
transmission shifts up as the engine speed is being
reduced. In this case as well, there is no problem if
adaptive learning control operates as described above.
However, if the fuel supply to the engine is cut off
during 1st-2nd upshift control with the accelerator
pedal released, the input torque to the transmission
will change abruptly, making it difficult to execute a
stable upshift.

Cooperative control with the engine is executed to
delay the fuel cut-off. This works to prevent shift
shock that might otherwise occur due to sudden
clutch engagement caused by the abrupt change in the
clutch pressure matching the input torque level. The
control procedure is calibrated to delay a fuel cut-off
momentarily until a Ist-2nd upshift with the
accelerator pedal released has been completed,
thereby ensuring good driveability.

2.3. 1st-2nd upshift restriction

It is desirable to upshift to 2nd gear as much as
possible to obtain good power transmission efficiency
for enhancing fuel economy. However, for improving
driveability during re-acceleration, 1st-2nd upshifts
are restricted depending on the driving situation and
only the pulley ratio is changed. For example, at a
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low vehicle speed with one of the turn signals on, the
system judges that the driver intends to accelerate
again after making a right or left turn, so an upshift to
2nd gear is restricted. The upshift restriction is also
activated on uphill grades to secure ample driving
torque depending on the road grade. In cases where
the brakes are applied, the upshift restriction is
activated because the system judges that the driver
intends to accelerate again after stopping or slowing
down the vehicle. The system is calibrated to improve
driveability in these situations by preventing any lag
due to repeatedly switching between clutches. This is
accomplished by estimating the road surface
condition and the driver's driving operations so as to
reduce the frequency of shifting.

3. 2nd-1st Kickdown Shifts

3.1. Judgment of 2nd-1st kickdown shifts

When the driver depresses the accelerator pedal
with the auxiliary transmission in 2nd gear, only the
pulley ratio is shifted to the low ratio side to secure
sufficient driving torque, if the target gear ratio is
within the 2nd gear range. Depending on the driving
conditions, however, the clutches may be switched to
downshift the auxiliary transmission to 1st gear.
Moreover, because the pulley ratio is near the lowest
ratio when the vehicle is traveling at low speed in 2nd
gear, it is necessary to downshift the auxiliary
transmission to 1st gear in order to secure more
driving torque to accelerate the vehicle again. Even in
cases where the vehicle speed is not low, if the driver
depresses the accelerator pedal relatively quickly, the
system judges that the driver wants to accelerate
rapidly and downshifts to 1st gear earlier.

As described here, the timing for switching
between the auxiliary transmission clutches is
optimally set to match various driving conditions.
Comprehensive judgments are made based on the
vehicle speed, accelerator pedal position, accelerator
depression speed and other parameters.

Optimized calibration is necessary because the
power obtained when the driver depresses the
accelerator pedal varies depending on differences in
engine displacement, vehicle weight, electronic
throttle characteristics and other specifications.
Judgment of the right timing for initiating shifting is
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also important for reducing power losses due to
switching between clutches so as to minimize the
impact on fuel economy.

3.2. Struggle with pressure response

Unlike an automatic 1st-2nd upshift, a 2nd-1st
kickdown shift requires a fast shift response. If a
kickdown shift is executed gradually, it is possible to
obtain a smooth shift like that of a CVT, but it takes
time for the auxiliary transmission to change to the
driving torque level of 1st gear. As a result, the driver
would feel that the transmission is shifting too slowly.

Executing this shift quickly requires an equally fast
pressure response. If the pressure response is not fast
enough, the clutch speed will flare up, resulting in a
shock at the time of engagement. The following
measure was adopted to prevent such shock.

First, before the shift is executed, the 1st gear brake
pressure is raised and held near the level where the
clutch begins to transmit torque. The 1st gear brake
command pressure is then output in advance to match
the change in the clutch rotational speed, thereby
prompting the actual pressure response. This control
procedure and calibration technique prevent any
pressure response delay when the 1st gear brake
engages.

However, if the 1st gear brake pressure is raised to
an incorrect level or at the wrong time, the pressure
response may not be able to follow properly, resulting
in an engine speed flare-up that causes a shock when
the clutch engages. If the pressure response is too
fast, excess clutch capacity may occur between 1st
gear and 2nd gear, leading to a drop in driving torque.
Optimal calibration is needed to avoid these
problems. Adaptive learning control is applied to
fine-tune the timing for raising the pressure so as to
improve robustness against shocks. By detecting tiny
speed flare-ups at the time the 1st gear brake engages,
the control procedure learns and compensates the
timing and amount of pressure increase. This works to
absorb variation in the pressure response. The level of
the pressure increase is set to a value to which the
learned pressure value can be converged within the
range of adaptive learning control. This optimized
calibration and adaptive learning compensation of the
1st gear brake pressure ensure stable shifting without

any performance degradation.
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3.3. Calibration of 2nd-1st kickdown shift response

Response can be adjusted by changing the manner
of reducing the 2nd gear clutch pressure. If the
pressure is reduced slowly, the clutch rotational speed
changes gradually, resulting in a smooth shift feeling,
but the response is slow (Fig. 3).

Reducing the clutch pressure quickly improves
response by quickening the rise in the clutch
rotational speed. However, the 1st gear brake pressure
response becomes an issue because of the shorter time
until this brake engages. That means the timing for
raising the 1st gear brake pressure and the level of
increase must be calibrated more accurately (Fig. 4).
When a 2nd-1st kickdown shift is executed, the pulley
ratio is also naturally changed simultaneously with
the shifting of the auxiliary transmission. While the
total gear ratio is shifted to the low side, the pulley
ratio is shifted to the high side to the extent of the
large shift in the auxiliary transmission ratio to the
low side. Cooperative control is performed so that the
total gear ratio is shifted smoothly to the low ratio
side. However, shifting is executed only by switching
the auxiliary transmission clutches while leaving the
pulley ratio as it is. Accordingly, this also makes it
possible even for the CVT7 to deliberately produce a
step-like difference in driving torque similar to the
shift feel of a stepped AT.
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4. Conclusion

This article has explained the calibration
techniques applied to the auxiliary transmission
incorporated in the CVT7 to achieve CVT shift
smoothness combined with fuel economy, power
performance and driveability. However, there is still
room for much more improvement, as the potential of
the hardware is not being fully utilized in many
aspects. Two years have now passed since the Jatco
CVT7 was put on the market. We plan to advance this
unit further by developing a succession of new
control features for improving fuel economy and
power performance even more. Given the unit's latent
potential for further evolution, every effort will be
made to continue to advance the Jatco CVT7 to a
higher level of sophistication so as to provide
customers with an even better product.

Masato MORI
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Photo 1 JGZ employee Ms. Choi and her new newly
purchased Dongfeng Nissan Sunny

Photo 2 Overall view of JGZ

1. Introduction

JATCO Guangzhou Automatic Transmission Ltd.
(JGZ) began producing the midsize JFO11E CVT in
April 2009. Two years later, JGZ was scheduled to
launch production of the newest small CVT, the Jatco
CVT7. This article describes the difficulties and joys
involved in preparing the monozukuri processes for
the Jatco CVT7.

At the time JGZ was founded in 2007, only two
employees commuted to work by car. The number has
increased rapidly to 15 employees at present,
providing a first-hand impression of the rapid spread
of vehicles in China. The new Sunny model, made in
Japan and fitted with the Jatco CVT7, has been
immensely popular in China since sales were
launched in January 2011. Already two JGZ
employees have purchased a new Sunny (Photo 1).
When asked about their impressions of the CVT, they
gave it high marks for its smoothness and
exceptionally good fuel economy. Considering that
vehicle ownership will continue to rise in China in the
coming years, there is the feeling that the possibilities
for our CVT products are unlimited. In addition,
conveying our experiences accurately to future
generations will help contribute to JATCO's global
growth that transcends national boundaries. With that
thought in mind, the following sections describe the
efforts made to localize production of the Jatco CVT7
in China.

2. Production Preparations for Jatco CVT7

2.1. Review of JFO11E launch

The JATCO Headquarters in Japan and JGZ began
studies of the production preparations in the summer
of 2009 for launching Jatco CVT7 production at JGZ
in April 2010. Unfortunately, the launch of the

*JATCO Guangzhou Automatic Transmission Ltd.
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JFO11E that went into production in April of that year
had not gone smoothly. Because of the circus-like
atmosphere surrounding the launch, there was a
strong feeling that: "We'll never survive at this rate.
We must achieve zero quality troubles for the Jatco
CVT7 no matter what." Based on that realization, a
thoroughgoing review was made of the JFO11E
launch. The results are summarized in Table 1.

While there were many points requiring serious
reflection, most of the Chinese employees involved in
the JFO11E production launch were recent graduates
and did not even possess a driver's license.
Considering that production was launched by a team
of amateurs, the fact that they were able to build the
same JFO11E model as in Japan, thanks to the
cooperation of everyone involved, should be seen on
the whole as a success.

However, with the expansion of production to
include the Jatco CVT7, the level of results attained at
that point was not sufficient. Preparations to produce
the Jatco CVT7 were initiated with the enthusiastic
goal of becoming No. 1 in quality worldwide by
learning from the JFO11E launch. While the JFO11E
was launched mainly by Japanese employees, the
Jatco CVT7 was to be launched through the

Table 1 Results of JFO11E launch review

JFO11E review | Opinions of Japanese

Opinions of Chinese

properly in place.

Process Basic information concerning | ® Notincluded in the technical studies
theproduction line in Japan was not done at the launch stage.
conveyed. ® Documents were hard to understand
because they were written only in
Japanese and English.
® Did not know the structures of the
equipment.
Quality Anxiety about whether quality assurance | ® Could not follow the conversations

procedures that depend on people were

of Japanese employees when a problem
occurred.

® Employees' awareness of quality did
not improve.

Production by

® Manufacturing concurrently with Chinese

Received training concerning machining,

Chinese employee training was not successful. | CVT assembly, etc., but production began

employees ® Documents were not translated into | Without understanding the work
Chinese operations.

Shop floor Production began without fully conveying | Work sheets, standards, etc. were too

management the essentials of shop floor management. | complex and production began without

understanding them.
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cooperative efforts of Japanese and Chinese
employees working together. The preparations were
kicked off under the slogan of "achieving our goal
through cooperation with a unified spirit."

2.2. Improvement and strengthening of key men system
One area targeted initially for improvement was to
further develop and strengthen the key men system.
From among the young employees who gained
valuable experience from both the successes and
failures of the JFO11E production line, key
individuals were selected for launching the Jatco
CVT7. Three employees each in the machining,
assembly and maintenance processes were chosen as
key men and sent to Japan for training in technical
skills and technologies. In addition to the experience
already gained at JGZ, their first-hand contact with
monozukuri processes in Japan contributed greatly to
the development of their abilities as key personnel.

From the time JGZ was established, employee
recruitment and training have been vigorously
promoted as top priority tasks. It is not easy to
describe the various troubles encountered in this
regard. The first aim was to teach employees the
methods of shop floor management ("genba kanri"),
which are indispensable to monozukuri operations.
The training materials were translated into Chinese as
quickly as possible and efforts were also made to
develop Chinese instructors. It was decided to
develop Chinese instructors because work procedures
were not communicated well to the Chinese
employees when Japanese trainers explained things
diligently in Japanese.

Chinese instructors have also been conducting
training in genba kanri for the Jatco CVT7. The aim is
to have production line workers acquire genba kanri
methods in the following cycle:

Create correct work procedures.
(Define standard work procedures.)
—Teach the correct work procedures to
subordinates thoroughly.
(Observe standard work procedures.)
—Research ways of doing work better.
(Improve standard work procedures.)

There was a frustrating battle with the fact that JGZ
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employees understood the work procedures but could
not execute them. So they ended up performing the
standard work procedures in their own way. That led
to the occurrence of products which failed the final
inspection, accidents and other incidents.

When queried, the employees' standard response
was always "no problem." In short, we were forced to
implement corrective measures based upon one
hypothesis piled on another. Every day was
depressing, worrying about how things would turn
out. Yet, improvements were steadily made by
repeating the cycle of education — practice — failure
— review. In the course of continuously repeating
this cycle, the manufacturing line evolved through a
repetition of sudden amazing advances, regression
and then further advances. Undoubtedly, that progress
resulted from the dedicated efforts of those who had
earlier undergone repeated on-the-job (OJT) training
without giving up.

The key men selected for the Jatco CVT7 were
personnel who had honed their abilities during that
period of growth against a backdrop of repeated
difficulties. They had formed a strong awareness of
working as one united team with the Japanese
employees involved in simultaneous engineering. As
the preparations for the Jatco CVT7 launch moved
ahead gradually, those personnel reached a level
where they were able to work effectively alongside
the Japanese employees.

In fact, for the sake of the Jatco CVT7 launch, there
were even Chinese employees who gave up their
National Day holiday in order to concentrate on
calibrating the equipment and dealing with technical
issues together with the Japanese employees.

2.3. Process improvements

The following improvements were incorporated in
the production processes based on the review of the
JFO11E launch and consideration of how world-class
assembly lines should be configured.

<Marshalling of CVT parts>

The assembly method implemented on the JFO11E
production line was to prepare all the parts for one
CVT on parts trays in advance; on the assembly line,
the parts were then taken from the trays to build the
unit. This method was adopted only in the processes
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comprising the first half of the JFO11E main assembly
line. For the Jatco CVT7, the scope of this method
was expanded further to include the sub-assembly
lines and the latter half of the main line. One
drawback of this marshalling system is that the action
of taking parts from the trays is inefficient. That weak
point was successfully overcome by reducing the tray
size, resulting in a 45% improvement of work
efficiency (Photo 3). Furthermore, the length of the
production line was shortened by approximately one-
half compared with that of the JFO11E.

<Adoption of a flexible final module (FFM)>

The equipment of the final test process was
improved so that both the JFO11E and the Jatco CVT7
can be tested and inspected in the same process,
which has been concentrated in one location. This
was done to hold down capital investment and also to
create a process that can flexibly accommodate the
hard-to-predict fluctuations in production order
volumes in China.

<Improved main line flexibility>

The proportion of general-purpose machines was
increased by 11% primarily on the main line to allow
more flexible conversion and reconfiguration in
anticipation of future needs. Special-purpose
machines are difficult to convert or remodel. One of
the improvements devised here was the adoption of
equipment specifications without inflexible pillars
within the line (Photo 4).

One of the biggest difficulties we had regarding the
production facilities for the Jatco CVT7 concerned
procurement from local LCC suppliers. The people in
charge of procuring the equipment were busily
running around every day trying to complete advance
preparations, get the equipment installed and confirm
quality. Their job was complicated by the lack of a
concept of delivery deadlines and an insufficient
understanding of the specifications of JATCO's
equipment, among other things.

The Chinese employees were also actively involved
in every phase, including inspecting equipment
manufacturers that had not met the requirements for
the JFO11E, witnessing safety trials and confirming
quality. At times they liaised with LCC suppliers,

presided over joint meetings of manufacturers and
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Photo 6 Jatco CVT7 assembly line
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were active in a wide range of situations. The
witnessing of safety trials, confirmation of quality and
other activities were carried out jointly by Japanese
and Chinese employees. Because time was needed for
interpreting, there were cases where delivery
deadlines were not met. However, this work was done
collaboratively because it was felt that the process
must not be omitted. As a result of those efforts, the
facilities of the LCC suppliers also began to operate
smoothly.

As one measure for reducing capital investment in
facilities, the case/housing machining line was
outfitted with equipment transferred from Japan.
Initially, it was planned to overhaul the machines in
Japan, but it was later decided to do it in China
because of a lack of time. The maintenance team,
which had been hard pressed to develop suitable
personnel, saw it as a chance to educate and train
maintenance employees. It thus provided a good
opportunity for these employees to acquire technical
skills at an earlier stage.

2.4. Activities just before production launch

Despite all the employees being involved in these
activities, the launch plan did not proceed on
schedule, which probably attests to the difficulties
involved in launching production overseas. Issues
kept piling up in the daily meetings, causing sighs of
concern every day. At that point, it was realized that
what JGZ needed was the support of an improvement
team. Borrowing strength from JATCO's Production
Administration Department (GKPT) in Japan, the
Chinese employees began to show the ability to
improve and change the shop floor by themselves.
Imbued with self-discipline and an awareness of the
need for speedy improvement, they set about solving
the many issues to be addressed.

The original plan was to increase the number of
workers after the start of production (SOP) by several
tens of employees every month so as to match the
expansion of the production volume. It was decided to
move up the hiring of new employees in order to
accomplish the safety, quality, deliver and cost
(SQDC) targets while increasing the number of new
production line workers.

Drawing upon the successful experience gained
with the JFO11E, a pilot line was also built for the
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Jatco CVT7. New employees first undergo two weeks
of training on this line to obtain provisional approval
before starting to work on the actual production line.
Then, after accumulating 2.5 months of experience
working on the actual line, they are recognized as
regular employees.

In the area of quality, the lessons learned from the
JFO11E launch were utilized to transform Failure
Mode and Effect Analysis (FMEA) from a theoretical
tool to FMEA that is actually used on the shop floor.
That was done by holding workshops to practice
confirming the actual location of a problem using
actual parts. In addition, concerted efforts were made
to avoid the pitfalls of LCC supplier parts by
instilling in line workers the recognition that parts
from different producers vary even though they are
made from the same design drawings. In this regard,
we obtained technical support from experienced
assembly line employees in Japan and implemented
assembly ease benchmarks in an effort to eliminate
unpleasant incidents in advance.

As described here, we geared up for production by
completing the various preparations while
experiencing frustration and a sense of

accomplishment every day.

3. Production Launch and Results

The schedule for the Jatco CVT7 launch called for
the production volume to be expanded twice as fast as
that of the JFO11E (Fig. 1). While all of the various
preparations for the Jatco CVT7 were duly
completed, the situation at the plant from advance
production in March to the start of regular production
in April was definitely not one of a smooth launch.
However, as a result of being greatly encouraged by
JATCO's quality award system, the practices of "Stop
the line!", "Call the supervisor!" and "Wait!" are now
done as a matter of course. In the past, it was not easy
to instill these practices in the line employees. This
has made it possible to suppress the occurrence of
products that fail quality inspections.

As shown in Fig. 2, the number of monthly quality
awards given has markedly increased, which is
indicative of the progress of JGZ employees and their
improved quality awareness.
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4. Continuous Improvements

Together with the launch of the Jatco CVT7, efforts
were made to substantially strengthen various
activities for enhancing the foundations of the Jatco
Excellent Production System (JEPS). Work is now
under way to enlarge the plant, including increasing
the production capacity and expanding the parts
manufactured in-house. A big issue for JGZ today is
whether the plant can cope with the speed of this
expansion (Fig. 3).

To be sure, there are concerns about every aspect
involved, including the employees, facilities,
materials and methods. What we must do at present is
to put in place the human resources and equipment
that will support JGZ's monozukuri activities in the
future.

Toward that end, we must determine what our
customers want, identify the issues that need to be
addressed, and expand the scope of our activities
beyond manufacturing workplaces to include quality
control, maintenance and production engineering so
as to build the foundations for being No. 1 in quality
worldwide (Photo 5).

5. Conclusion

A thoroughgoing review of the troubles and
difficulties experienced in launching the JFO11E led
to the steady attainment of results for the Jatco CVT7
launch. Without a doubt, this success resulted from
the forerunners' dedication to monozukuri; it was also
the result of the earnest efforts made by the current
generation of Chinese and Japanese employees who
have carried on that tradition in working together
along a winding path toward a common goal. This
launch project brought home once again the
realization that monozukuri is supported by people
involved in many different aspectshthose who create
the design drawings, those who actually build the
products and those who design the manufacturing
processes, among others.

JGZ is still in the process of acquiring the
necessary technologies and monozukuri methods for
producing products that truly satisfy customers.
However, together with the JGZ employees who are
making progress at a steady pace, we want to define
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Development of Final Test Technologies for Embodying Added Value
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Summary The final test process is where assembled
products are tested to see if they function as intended.
Rather than simply testing products, there have been
growing needs in recent years for the final test
process to reduce capital investments and also impart
added value. For the test process of the new Jatco
CVT7, technologies were adopted to embody added
value in the product, and work time that did not
produce added value was cut dramatically. This
article outlines the final test process and the
technologies adopted.
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1. Introduction

Automotive transmissions have been required to
achieve enhanced levels of performance and lower
costs in recent years owing to sharply higher crude oil
prices worldwide, global warming and customers'
diversifying needs. While various methods can be
considered for satisfying such requirements,
improving the functionality of the test equipment
used in the final test process is one approach that can
provide significant benefits.

All JATCO CVTs undergo final tests at the end of
the assembly line before they are shipped. Many
different kinds of tests and inspections are conducted
in this process, requiring long cycle times and often
resulting in bottlenecks. Additionally, tests require
the use of large-scale equipment and jigs, which need
considerable floor space. The final test process is apt
to incur limitations with respect capital investment
and layout of facilities.

Given these conditions, we have been developing
technologies for improving product functionality and
technologies for reducing product costs. The former
technologies have dramatically improved initial
product performance over that of previous products
by imparting added value to transmissions in the final
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The final test learning procedure targets clutch engagement points.

The pressure at which a clutch starts to transmit torque
(=clutch engagement point) is learned for every clutch.

Transmitted
torque

o i 4

| Clutch A's engagement pointl |Clulch B's engagement point ”Clutch C's engagement point

Clutch pressure

Fig. 1 Conceptual representation of clutch
engagement points
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test process. The latter technologies have successfully
reduced cycle times in the final test process and held
down investment costs. This has been accomplished
by carefully reviewing test items and substituting
other methods or processes, instead of the final test
process, for some tests in order to assure product
performance. This article outlines the technologies
that have been developed in both areas.

2. Final Test Learning Procedure for Auxiliary
Transmission

2.1. Issues in the new CVT featuring an auxiliary
transmission

The first distinctive feature of the new small CVT
(Jatco CVT7) is its auxiliary transmission. The
adoption of this auxiliary transmission made it
possible to achieve a smaller, lighter package together
with wider ratio coverage. However, because it has
the same shift mechanism as a stepped AT, there was
concern that shift shock might occur.

A conventional CVT without this auxiliary
transmission is built such that shift shock does not
occur, so it delivers smooth driving performance.
Therefore, it was necessary to ensure that the Jatco
CVT7 would provide the same seamless shift feeling
as a conventional CVT.

2.2. Possible solutions

Shift shock is generally caused by the following
factors:

® Hydraulic pressure variation

® Clutch clearance variation

@ Variation in friction material characteristics

@ Variation due to deterioration

Trying to eliminate each of these factors at the
individual part level would take enormous amounts of
time and manpower. It would also be necessary to
improve part accuracy markedly, causing costs to
jump dramatically.

The following procedure was adopted to resolve
this issue at the present level of part accuracy. The
engagement point of each clutch in an assembled
transmission is investigated, and that information is
memorized for each clutch (Fig. 1). Engagement point
refers to the moment at which a clutch first has
enough capacity to transmit torque.
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Effect of final test learning procedure on reducing variations
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to degradation
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Reducing these initial variations assures better initial quality.
Other remaining variations, including that due to degradation,
can be absorbed during real-world use.

Fig. 2 Effect of final test learning procedure
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Investigating clutch engagement points in an
assembled transmission requires large testing
equipment. This is done using a final tester
comprising a motor corresponding to the engine, a
brake for stopping the output shaft, and a computer
for applying pressure commands to the transmission,
among other components. This method is therefore
called the "final test learning procedure for the
auxiliary transmission." Previously, all transmissions
were tested in the final test process only for the
purpose of assuring quality. The new method applies
a learning procedure to the auxiliary transmission in
addition to assuring its quality. This approach makes
it possible to improve initial product quality while
holding down individual part costs.

2.3. Effects of final test learning procedure

As shown in Fig. 2, without any learning procedure
individual variations accumulate substantially, giving
rise to concern about shift shock. However, using the
learning procedure in the final test process absorbs
these variations to enhance initial product
performance. Remaining variations are later absorbed
through a self-learning procedure after installation in
the vehicle, which also improves product
performance.

The results of the engagement point learning
procedure are applied not only to 1st-2nd and 2nd-1st
shifts of the auxiliary transmission, but also to idle
neutral control, thus constituting a parameter that has

a major impact on vehicle performance.
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3. Activity to Optimize Test Items

3.1. Review of quality assurance process

As explained above, a learning procedure is applied
to the auxiliary transmission in the final test process
to impart added value to the product. In contrast to
that, a review was made of test items for verifying
quality assurance from the following perspectives:

® [s the test item one that should be assured in the

final test process?

® Can assurance be accomplished accurately with

some other method?

The concept of product quality assurance so far has
been to assemble the product and then conduct wide-
ranging tests at the end before shipping it. However,
if the correct parts are all properly assembled, it
should be possible to dispense with some tests
following the completion of product assembly.

Rather than assuring the quality of everything in
the final test process, the number of items assured in
assembly operations was increased, making it
possible to reduce the number of final test items while
still attaining the same level of quality assurance.

One example of this is shown in Fig. 3. Previously,
pressure measurements were made in the final test
process, but that is no longer done at present. The
logic involved in the discontinuation of these
measurements required assurance of the following
four items.

(1) Performance of the oil pump in discharging the
required pressure

(2) Performance of the control valves in regulating
the pressure

(3) Absence of any leakage in the oil passages in the
transmission from the oil pump to the
hydraulically actuated devices

(4) Reliable assembly of pressure-related parts

Only if all of these items could be assured
elsewhere would it be possible to remove the pressure
measurements from the final inspection items.

3.2. Activity results

The number of final test items for the Jatco CVT7
has been reduced by approximately half compared
with the previous number for conventional CVTs
(Fig. 4). Because the cycle time per transmission has
been halved, the number of final testers needed has
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also been cut in half. Moreover, reducing the number
of test items also made it possible to eliminate some
of the test equipment. Specific examples of the
benefits obtained as a result include:

@ Minimization of equipment and jig specifications

® Improvement of first-time-through rate

The fact that pressure measurements are not made
is very advantageous with respect to cost and
maintenance because it eliminates the need to use
various testers, hoses, and couplers. Additionally,
there were some final test items before that required
very complex tuning of the test equipment. Since
those items are now assured in other processes, it has
led to improvements in test accuracy and the first-
time-through rate of testers.

Activities for optimizing the final test items were
initiated for the Jatco CVT7, and the same activities
are now being carried out for other product lines as
well. The results obtained are shown in Fig. 5. The
horizontal axis indicates the month and year, and the
vertical axis shows the number of JATCO's final
testers in use worldwide. The CVT production
volume has continued to increase with the passage of
time, so the number of testers needed has also
increased to a corresponding extent. The pink dashed
line indicates the number of testers that would be
needed if the activities to optimize the number of test
items had not be undertaken, and the red solid line
shows the actual number of testers being used. The
effect of these activities began to appear from the
second half of 2009, and the number of testers has
been reduced by approximately 20% at present.

Number of testers
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Fig. 5 Number of final testers
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4. Conclusion

The learning procedure for the auxiliary
transmission was a new approach that JATCO had
never attempted before, so a great deal of effort was
needed to get it on track. Things did not always go as
intended and changes in data tendencies were dealt
with as they occurred. Those and other troubles were
tackled through joint cross-functional activities by the
R&D and production divisions. In the future, it is
expected that efforts to reconcile cost and
performance issues will be undertaken more
frequently by applying this learning control procedure
to other production lines for the purpose of absorbing
part variations.

The activities undertaken to reduce the number of
test items made it possible to hold down capital
investments by carefully distinguishing between
items that must be tested and those that do not require
final testing. Test items are indicated on the design
drawings. Prior discussions were held repeatedly with
the design department concerning the items to be
noted on the drawings, and an agreement was reached
that was satisfying to both sides. Everyone involved
came to realize how extremely valuable that joint
process was. In addition, the repeated discussions
made clear the production requirements, and people
really felt that the manner of indicating them on the
design drawings changed for the better compared with
the previous way.

In the future, it will be essential to determine what
sort of methods are the best and then to implement
them as quickly, inexpensively and reliably as
possible. We want to continue to make constant
changes to the production lines in order to provide
customers with even better products at lower cost.

Hideyuki CHIGIRA
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Efforts to Halve Machining Takt Time of Jatco CVT7 Pulleys
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Summary The Jatco CVT7 was developed in a
project featuring vigorous collaborative design
activities by the R&D division and production
engineering division from the outset. One significant
result achieved for the pulleys was that their
machining takt time was halved compared with that
of the existing CVT series pulleys.

This article describes the details of the collaborative
design activities undertaken for Jatco CVT7 pulleys.
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1. Introduction

The Jatco CVT7 was developed in pursuit of
reductions in size, weight and friction, and it has
received high praise from customers in markets
everywhere. In the process of developing the CVT7,
significant results were obtained through
collaborative design activities. Collaborative design
work achieved notable results for the pulleys,
representing core parts of a CVT.

The Jatco CVT7 incorporates an auxiliary
transmission that enabled the pulleys to be
substantially downsized compared with those of
conventional CVTs. The production division adopted
the concept of building a production line that would
take full advantage of the smaller, lighter parts. The
challenge we set was to halve the machining takt time
of CVT7 pulleys compared with their conventional
CVT counterparts. That objective was pursued
through collaborative design activities between the
R&D division and the production engineering
division.

2. Overview of Activities
Activities to halve the pulley machining takt time

were undertaken according to the following
procedure.

* R an AT R
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Table 1 List of measures for cycle time reduction and
machining takt time in each operation

GVT7 PULLEY Study of GVT7 pulley cycle time and progress toward issue resolution
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(1) Understanding the present situation and sharing of
issues

The present machining takt time in each operation

was visualized so that everyone could share the issues

to be addressed.

(2) Quick decisions on issues

® The people responsible for addressing issues were
made clear, and information on the progress
achieved for each issue was regularly shared among
everyone involved.

® Someone authorized to make decisions was always
present when progress reports were shared. Quick
decision-making advanced the work done to resolve
each issue.

(3) Continuing and accomplishing production

engineering

After securing a budget for production facilities,

technical issues were then clearly addressed. Reviews

were made of new technologies and methods in the

process of proceeding with the activities.

3. Understanding the Present Situation

As the first step, the machining takt time in each
operation was predicted based on provisional design
drawings. A machining program was actually created
for that purpose and was run on a PC to make a
prediction of the machining takt time. The use of this
machining program also made it possible to quickly
and accurately confirm the effectiveness of measures
devised for resolving issues.

Table 1 shows a list of measures for reducing
machining takt time and the results of machining takt
time studies. The effects of each measure were made
visible and the progress attained was shared by
everyone. This made it possible to transcend
individual jobs and carry out activities as a united
team.

After obtaining an understanding of the present
situation, it was decided that the following main
issues should be addressed.

(1) Study the possible expansion of forged surfaces,
including the backside of sheaves and other parts
(2) Minimize the grinding length
(3) Review machining conditions
The specific activities that were undertaken are

explained in the following sections.
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4. Effort to Expand Forged Surfaces

One approach taken to reduce machining takt time
on the raw forging machining line was to expand
forged surfaces, including the backside of sheaves
and other parts, so as to reduce the area machined.

The forging of pulley parts that had previously
been machined involved the following technical
issues:
® Dimensional accuracy is worse than in machining

operations.

@ Scratches and burrs are more likely to occur.

The main efforts that were made to solve these
issues are explained below.

4.1. Improvement of dimensional accuracy of forged
surfaces

The backside of the fixed pulley sheave became
almost entirely a forged surface, but the sheave was
exceptionally thin compared with that of conventional
CVT pulleys. As a result, warping, undulation and
other forms of deformation presented problems in the
hot forging process (Fig. 1).

This issue was resolved by performing a corrective
machining process, called hot coining, after hot
forging to ensure the necessary dimensional accuracy
(Fig. 2). In addition, the existing trimming press is
used in the hot coining process, making it possible to
implement this measure without requiring any
additional capital investment in equipment.

Fig. 2 Hot coining process

4.2. Measures against burrs and scratches

Burrs and scratches occurring in the forging
operation reduce the strength of the finished product.
If burrs come off inside a CVT, there is the risk they
might come contaminants that affect performance.
For these reasons, measures must be taken to deal
with them.
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An investigation was made of the operations where
burrs and scratches occurred. The results revealed that
most originate from burrs sandwiched in the clearance
between the punch and the die in the extrusion
forming process of the shaft. This issue was dealt
with by modifying the punch geometry so that burrs
do not become sandwiched in the clearance. This
effectively reduced the incidence of burrs (Fig. 3).

In addition to the foregoing measures, collaborative
design activities were undertaken with the R&D
division to relax certain part specifications. As a
result, the combined area of forged surfaces was
considerably expanded as shown in the diagram in
Fig. 4.

The machined area was reduced as a result by
approximately 30% compared with previous pulleys.

s . Forged surface
Typical part: primary fixed pulley half

Fig. 4 Forged surface locations

5. Efforts to Minimize the Grinding Area

One of the principal activities undertaken in the
finish machining process was to minimize the area
ground in the outer diameter grinding process.

5.1. Determination of grinding length target

A target grinding length was calculated from the
grinding conditions and the target machining takt
time. That information was fed back to the R&D
division and used as a prerequisite condition in
studying the detailed part design. A production design
was also executed concomitant with the design study.
This allowed decisions to be made at an early stage
with a minimal amount of reworking of the design
study.
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Discontinuation of grinding
for press-fit spline guide

1)

(4"
Fig. 5 Discontinuation of grinding for
press-fit spline guide
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Table 2 Worksheet for uptime rate simulation
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5.2. Review of unnecessary part specifications
Ordinarily, unnecessary portions are machined so
as to satisfy the specified dimensions and meet the
required part accuracy. For Jatco CVT7 pulleys,
discussions were held with everyone concerned
regarding such areas and ways of achieving the
required accuracy without machining were examined.
One example is explained here. The production
division proposed dimension requirements that would
allow grinding operations to be discontinued. As a
result of a joint examination of this proposal, it was
decided to discontinue the grinding operation for the
press-fit spline guide, which originally did not have
any required machining accuracy anyway (Fig. 5).

6. Efforts to Shorten Dressing Time

6.1. Background

The design measures devised jointly with the R&D
division were not the only approaches taken to halve
the pulley machining takt time (Table 2). Independent
efforts were also made to achieve our own challenges
regarding the machining conditions and methods, as
explained in this article.

An uptime rate simulation was used to confirm the
effectiveness of the measures devised for halving the
machining takt time. As a result of running this
simulation, it was found that idle time in the sheave
face grinding process was a problem. This idle time
was being used to dress or replace grinding wheels.

The following two measures were taken to shorten
the wheel dressing time in the sheave face grinding
process.

(1) Shortening the dressing time itself
(2) Lengthening the dressing interval

Efforts were already under way to implement the
second measure on existing production lines at that
time. It was a precondition that was incorporated in
the line for Jatco CVT7 pulleys. However, that
measure alone did not achieve the goal of halving the
machining takt time. Therefore, it was necessary to
tackle the first issue of shortening the wheel dressing
time itself. Specifically, it was decided to adopt a
universal rotary dresser as a solution to this issue.

6.2. Adoption of a universal rotary dresser

As shown in Fig. 6, the existing long-life dresser
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Existing
long-life dresser

OEE improvement

Spiral set type

Fig. 6 Comparison of existing dresser and
universal rotary dresser

7. M TR fie B D EL Y #H A

Pulleyld, 774~V — (PRI) fiix+%>%"1)— (SECD)
O T, BRENTWALEDT, PRIESECDDHH
PL2E S DFAE S 5. @E 1L, PRIESECDIZZ

T, EHOMILIA L ZMHEST LN, &)Y
[LEED LS, M), NHEALTOREDPERS

n5s.

ZZTC, A, FELrS, TAMPIED
FAUHER CTH A, PRIESECDOE WS, |7 1
T, BEHEMND12/LICOBOM AT,

%ﬁiﬂg I¥, Fig. 7TOINNZ, FRmOFEMIFERTEL

KT, K LREOEEMBRICELHI LML IRRL,
(n/\EXHKV)I/ZﬂS Y HATZ,

1851

sharpened the cutting edges of the wheel and trued the
wheel shape in the process of dressing the wheel face.
The universal rotary dresser sharpens the cutting
edges and trues the wheel shape simply by pressing
the dresser against the wheel.

An uptime rate simulation indicated that the
adoption of this dresser would substantially shorten
the wheel dressing time and also significantly
improve overall equipment efficiency (OEE) as well.

7. Efforts to Halve the Number of Machining Facilities

A CVT is built with a pair of shafts called the
primary and secondary shafts, on which there are two
similar pulleys called the primary and secondary
pulleys. Usually, separate dedicated machining lines
are built for the primary and secondary pulleys.
However, from the standpoint of avoiding capital
investment risks, it is necessary to keep investments
in equipment to the smallest possible level.

Therefore, from the start of the Jatco CVT7
development project, efforts were made to improve
the setup work for the primary and secondary pulleys,
for which the machining line configurations were
similar from the beginning. The aim was to halve the
level of capital investment in equipment as well.

Specifically, at the stage of executing the detailed
pulley design, constraints due to the jig configuration in
each operation were identified and efforts were made to
eliminate jig setup work, as illustrated in Fig. 7.

Press-fit diameter of sheave
backside bearing unified for
bath primary and secondary

Enables pulley setup
without using chucks
or clamps

Fig. 7 Pulley design for improved setup work

8. Results

The results and effects obtained through the
activities described here are summarized below.
Machining takt time:

Reduced by one-half compared with an existing

CVT
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Reduction of capital investment:
Reduced by approximately 50% compared with an
existing CVT

Line layout area:
Reduced by approximately 50% compared with an
existing CVT

9. Conclusion

The Jatco CVT7 project presented numerous
development challenges, including downsizing,
weight reduction, friction reduction and attainment of
wide ratio coverage. Those challenges were tackled
from the initial development stage through
collaborative design activities. A production
engineering team also actively participated in these
activities and a wide range of production design
measures were pursued. Achieving high cost
performance was another challenge undertaken in this
project. Looking back now on the activities
undertaken from the initial stage of the Jatco CVT7
development project reaffirms the significance of
collaborative design work. Every effort will be made
in new development projects in the future as well to
enable the R&D division and the production division
to pursue joint activities effectively.

This article has described the Jatco CVT7
development project from the perspective of
production engineering, but the results presented here
were obtained only because of the understanding and
efforts by the R&D division people with regard to
production design. In conclusion, the authors
especially want to note this point and express their
profound gratitude to everyone involved.

Hajime KOUNO

Tatsumi TAKESHITA
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JATCO'S Efforts to Procure Parts/Materials Locally and from LCC Suppliers
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Summary Companies in many different industries
besides the automotive sector are accelerating their
overseas production activities and procurement of
products, materials, component parts, equipment and
other items from suppliers in leading competitive
countries (LCCs). This is taking place in the face of
the continued high yen and the ongoing shift of the
coordinate axes of the world economy from the
developed countries to emerging economies. This
article describes the activities JATCO is undertaking
to procure parts locally and from LCC suppliers for
its business of manufacturing and marketing
automotive automatic transmissions. JATCO has been
one step ahead of its competitors in these
procurement activities, which are linked to the
company's expansion of overseas production
operations. Improvement of the quality and technical
levels of suppliers has emerged as an issue that must
be addressed urgently, as it is directly related to
JATCO's efforts to maintain and further improve its
competitiveness.
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1. Introduction

The collapse of Lehman Brothers caused the total
demand for four-wheeled vehicles to plummet
worldwide in 2008 and 2009, but vehicle demand
began to recover again in 2010 and has since shifted to
a growth trend. In terms of specific figures, vehicle
demand totaled approximately 70 million units in 2010
and is projected to increase to some 90 million units
by 2016. That growth will mainly be due to increased
vehicle demand in China and the three NAFTA (North
American Free Trade Agreement) countries. Total
vehicle demand in Japan is expected to be flat.

Meanwhile, the yen has appreciated sharply against
the dollar, rising from an exchange rate of US$1 =
100 yen two years ago to approximately 77 yen at

A
Purchasing Department
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present, a jump of 23%. In this high yen environment,
Nissan Motor Co., Ltd., JATCO's largest shareholder,
is building its March small car in Thailand for sale in
the Japanese market. There are also media reports that
Toyota Motor Corporation selected 20 Indian
suppliers in connection with the local production
launch of a new model in India. Toyota reportedly
plans to increase its local parts procurement rate
further for launching engine and transmission
production in the future. These moves are not limited
to Nissan and Toyota, as other automakers,
transmission manufacturers and parts makers are also
taking similar steps.

One purpose for producing in areas where there is
strong demand is clearly to avoid exchange loss risks
due to the sharp appreciation of the yen. Other
reasons are to enhance the price competitiveness of
products by reducing related costs, including the cost
of distribution to the end user, and to capture demand
in emerging economies.

In the two-pedal transmission industry, JATCO has
been a pioneer in launching overseas production.
JATCO was quick to notice the cost competitiveness
of manufacturers in leading competitive countries
(LCCs) and began early on to procure parts from LCC
suppliers. Company-wide efforts have been made to
promote overseas production of automatic
transmissions and to localize procurement of
component parts. Those efforts have contributed
significantly to improving the cost competitiveness of
JATCO automatic transmissions.

2. History of Parts Procurement from LCC Suppliers

JATCO began procuring parts from overseas
suppliers in the latter half of the 1990s, but
procurement was limited to just a few parts. The
exchange rate at that time was US$1=120 yen. The
starting point of today's extremely high yen was in
2001 when the exchange rate was US$1=130 yen.

To cope with the transfer of production overseas by
Japanese automakers, JATCO began producing the
CVT7, one of the company's strategic transmissions,
in Mexico in 2005. Since then, JATCO has been
pushing the accelerator pedal hard to advance the
procurement of parts from LCC suppliers overseas.
For CVT production in Mexico, JATCO considering
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Table 1 Methods of conveying design specifications to suppliers
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Creation of design drawings S* 60%
Approval of specs S*
Drawing-provided parts | Creation of design drawings J* 40%
*I. JATCO  *S: supplier

procuring component parts from NAFTA suppliers
and LCC suppliers. However, there were virtually no
suppliers, including those of the Big Three U.S.
automakers, which were capable of producing and
assuring the quality of CVT parts that require
stringent machining accuracy and large capital
investments. Moreover, Japanese parts makers were
not actively setting up operations overseas at that
time, so many of the parts that had difficult design,
manufacturing and quality assurance requirements
had to be imported from Japan or Europe.

There are two principal ways in which the design
specifications of transmission parts are conveyed to
suppliers (Table 1). Parts for which the specifications
are indicated by JATCO account for 60% of the total
value of purchased parts. These are parts that
suppliers design and manufacture so as to satisfy the
functionality, performance and size requirements
specified by JATCO. Companies possessing parts
development capabilities are candidate suppliers for
these parts.

Parts for which JATCO provides the design
drawings account for the remaining 40% of the total.
These are parts that suppliers manufacture based on
design drawings created by JATCO's design division.
The door for supplying these parts is open wide to
many candidates, including LCC suppliers.

Specification-indicated parts play a large role in
transmission performance and quality. For these parts,
JATCO is currently highly dependent on Japanese-
affiliated companies or global suppliers that have a
proven track record for design and manufacturing. A
key factor in ensuring near-term cost competiveness is
to have LCC suppliers produce specification-indicated
parts and to purchase drawing-provided parts from
LCC suppliers having high cost competiveness.

JATCO subsequently launched CVT production in
Guangzhou, China in 2008. The start of full-scale
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production of the Jatco CVT7 overseas necessarily
increased the need to procure parts locally and from
LCC suppliers.

3. Issues in Procuring Parts from LCC Suppliers

Not only JATCO but also automakers, two-
wheeled vehicle manufacturers and companies in
other industries are setting up production operations
overseas and proceeding with the procurement of
parts from LCC suppliers. The consumer electronics
and apparel industries are often considered to be
typical examples in this regard. Compared with other
automotive transmission manufacturers, JATCO is
one step ahead with respect to the procurement of
many high-precision machined parts from LCC
suppliers, including components for CVTs.

Currently, 90% of the parts used in the overseas
production of JATCO transmissions are either
By
comparison, the corresponding rate estimated from

procured locally or from LCC suppliers.

various information sources for our Japanese
competitors is less than 50%, and presumably they
export many parts from Japan for use in overseas
production.

The following are some of the issues JATCO has
faced in taking the lead in adopting parts procured
from LCC suppliers. There is a high degree of
dependence on Japanese-affiliated suppliers and
overseas suppliers possessing excellent engineering
and quality capabilities and which have experience in
manufacturing transmission and automotive parts.
This is because transmission parts require high levels
of machining accuracy and quality. In other words,
parts that can be procured from low-cost LCC
suppliers are limited.

Figure 1 shows the average quality levels (defect
rate of delivered parts) over the past three years for
suppliers in a certain Asian country and Japanese
suppliers, with which JATCO has business dealings.
The level of quality between the two groups clearly
differs. Despite the steep appreciation of the yen these
last few years, the monetary value of parts JATCO
procures from suppliers in this Asian country has not
increased significantly. The following section
describes measures JATCO is taking to improve the
quality and technical levels of LCC suppliers.
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4. Measures for Improving Quality/Technical Levels
of LCC Suppliers

The section describes some of the activities JATCO
is undertaking to address this issue. The first point
concerns improvement of the process for selecting
suppliers from which parts are purchased.

JATCO has a Purchasing Suppliers Sourcing
Committee (PSSC) that mainly determines the
suppliers from which JATCO procures parts for
newly developed transmissions or transmissions
manufactured at overseas production plants. The
members of the PSSC include the company officer
responsible for purchasing and product development,
who serves as the committee chairman, purchasing
and design representatives who present proposals, and
representatives of the quality assurance, engineering,
production control and cost planning departments
who examine the proposals. Candidate suppliers are
selected in a process that is transparent to the entire
company, based on a consensus by the PSSC
regarding not only cost competitiveness but also an
evaluation of supplier quality, technical and
development capabilities, existence of any issues of
concern and ability to deal with them.

The following process is adhered to in proposing a
supplier to the PSSC. Before proposing a supplier, the
purchasing, quality assurance, engineering, and
development departments conduct a study of the
optimum supplier, taking into account the technical
difficulty of the part in question, quality/technical
levels of candidate suppliers, existence of country
risks and other factors. While the PSSC still has its
original committee structure, steps have been taken to
improve the PSSC proposal process and PSSC
members based on a review by the relevant internal
departments of problems that occurred with LCC
suppliers previously. Specifically, exceptionally
difficult-to-machine parts were outsourced to certain
suppliers that exceeded their technical capabilities, so
they had considerable trouble keeping the deadline
for the start of mass production of the parts and
assuring the required quality. In other cases, fierce
labor-management strife caused the supply of parts to
be suspended. The improvements made are intended
to prevent such bad experiences from being repeated
again.
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The second point concerns efforts to advise and
develop LCC suppliers. Before the selection of a
supplier is finalized, the PSSC members from the
JATCO departments involved conduct a prior audit of
the company and evaluate whether it might have any
problems as a supplier. This is done in cases where a
candidate supplier will do business with JATCO for
the first time, production is being launched at a new
location or a new manufacturing method has been
adopted. If this audit rates a company as having poor
quality/technical levels, it will not be approved as a
supplier, but this evaluation does not necessarily
mean that an LCC supplier will not be adopted. In
cases where there is a reason why the company must
be used as a supplier, the audit provides a mechanism
for identifying issues that first must be addressed and
for determining ways of resolving them.

When it is deemed that a potentially risky supplier
must be used for the sake of ensuring transmission
cost competitiveness, the quality assurance,
engineering and purchasing departments form the core
of a monozukuri support team on the condition that the
supplier's issues are at a resolvable level. This support
team advises the supplier on ways of improving its
process design, quality levels, shop floor management
system and monozukuri capabilities and on the
implementation of measures for eliminating identified
risks. Activities are undertaken to ensure the supplier's
cost competitiveness without sacrificing quality.

These supplier support activities are carried out
both in Japan and overseas, and this support program
has been highly acclaimed by suppliers for enabling
them to improve both their quality levels and
monozukuri capabilities. As one part of these support
activities, JATCO has been working with the Korea
Trade-Investment Promotion Agency (KOTRA) since
last year to prepare a supplier support program for
implementation, which is described in the following
section.

5. Activities with KOTRA

The roles of KOTRA are (1) to support the
expansion of exports by Korean companies through
the facilitation of strategic cooperation between
overseas global firms and Korean suppliers and (2) to

attract foreign investment and highly educated
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international human resources to Korea. To

accomplish its first objective, KOTRA introduces

Korean suppliers to overseas global companies and

provides support for R&D expenses.

JATCO established an R&D company in Korea and
has forged strong cooperative ties with KOTRA for
the promotion of R&D activities in that country.
Through this communication channel, JATCO has
presented various issues to KOTRA that should be
addressed to enable Korean suppliers to become
global players and has proposed the support measures
noted below.

(1) JATCO is increasing its procurement from Korean
suppliers every year and may further expand the
scope of its procurement in the coming years.

(2) To accomplish that, the quality and technical
levels of Korean suppliers must be improved.

(3) JATCO is ready to provide support toward that
end.

(4) As a result of improving their quality and
technical levels, Korean suppliers can expect to
expand their business dealings with other global
companies.

Toward the end of 2011, KOTRA and JATCO
concluded a memorandum of understanding (MOU),
the key points of which are outlined below.

(1) JATCO will provide support for improving the
global competitiveness of Korean suppliers
through the enhancement of their quality levels.

(2) For its part, KOTRA will support JATCO's
activities to select Korean suppliers for the
component parts of JATCO's next-generation
CVTs and support the promotion of activities to
improve the quality and technical levels of
JATCO's Korean suppliers.

Discussions are currently under way with KOTRA
to work out the final details of the suppliers to be
supported under this MOU and the specific support
measures, and a final agreement is expected to be
reached in 2012. The Korean supplier support
activities to be carried out with KOTRA's assistance
will improve the quality of the parts JATCO procures
from Korean companies and expand the range of parts
purchased from them that are superior with respect to
quality, cost, delivery and development (QCDD)
aspects. At present, JATCO imports from Korean and
LCC suppliers only drawing-provided parts, but we
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aim to overcome this situation and procure
specification-indicated parts that have been developed
by Korean suppliers.

6. Jatco CVT7 Parts Procured from LCC Suppliers

The purchasing division has been working to use
principal suppliers in common for the company's plan
to expand overseas production operations and to invite
Japanese suppliers to set up production facilities
overseas. Various information sources have also been
used to discover and evaluate LCC suppliers.

The Jatco CVT7 currently has the highest
production volume of the company's CVT models,
and 90% of the parts used in producing this unit in
China and Mexico are procured locally or from LCC
suppliers. (That figure is the percentage of the total
value of purchased parts.) Thanks to the company-
wide activities undertaken by the design, quality
assurance, engineering and production control
departments, we have built a network for procuring
parts that satisfy our high QCDD requirements.

In December 2011, JATCO announced a plan to
launch CVT7 production in Thailand around the
middle of fiscal 2013, and efforts are now under way
to procure parts from the ASEAN region. Building on
the activities carried out so far, it is expected that the
parts procurement rate from LCC suppliers will reach
nearly 100% and that approximately 95% of the parts
will be procured from the ASEAN region.

7. Conclusion

Considerable progress has been made in procuring
parts locally and from LCC suppliers, but various
issues must be tackled to improve QCDD
competiveness further. These include improving the
quality levels and technical capabilities of LCC
suppliers, confirming the possibility of relaxing
JATCO's design drawing specifications and
increasing the real local parts procurement rate (i.e.,
the share of the local value-added cost as a percentage
of the purchase price) at each of the company's
overseas production centers.

Materials represent a crucial factor with respect to
quality assurance. At the same time, since materials

account for approximately 30% of the total cost of
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parts, they are a key factor in reducing prices.
Because the quality level of Chinese and Korean
materials manufacturers has improved dramatically,
JATCO's R&D division is working with parts
suppliers to strongly promote the procurement of
materials locally and from LCC suppliers.

As mentioned earlier, along with China the
NAFTA region has a large potential for higher
vehicle demand in the coming years. It is expected
that demand for transmissions with even more
outstanding QCDD competitiveness will increase in
the future. In addition to procuring parts for CVT
production in Mexico from NAFTA region suppliers
at present, parts are also being shipped from Asian
LCCs for the purpose of increasing price
competitiveness. However, there is an especially
strong need to promote further local procurement in
order to reduce costs, including logistics expenses,
and further improve cost competitiveness.

Our competitors are also accelerating their overseas
production activities and will undoubtedly expand
their procurement of parts locally and from LCC
suppliers substantially in the years ahead. JATCO is
not in a position to be complacent about price
competitiveness. We want to move ahead with
activities to improve our global QCDD levels further,
learning from companies in other industries,
automakers and parts suppliers that are operating

overseas.

Shigeru MASUDA

1951
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Efforts to Improve Product Quality and Service
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¥ g ARTE REIEOBM, YYhaERnE Summary This article explains efforts that have
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been made to improve product quality and service in
relation to large changes in the business environment
surrounding JATCO and its products in recent years.
It also discusses perspectives that must be considered

in future activities.
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1. Introduction

It took stepped ATs approximately 30 years to
penetrate the market, but the number of CVTs installed
on production vehicles has grown dramatically in less
than ten years. As of end-March 2011, JATCO CVTs
were installed on more than 10 million vehicles
worldwide. During this time, demands for higher
product quality and after-sales service have
increasingly risen due in part to the complex structure
of CVTs. Another factor here is the dramatic speed at
which information is transmitted today owing to the
spread of the Internet. The requirements for higher
quality and service after the expiration of the warranty
period have thus increased. Quality, scale of service
and speed are being demanded today at levels never
experienced in the past. As a high-volume CVT
specialist manufacturer, it is extremely important that
we meet customers' demands for product quality and
after-sales service. Our biggest mission is to enhance
and maintain the market presence of CVTs by
providing the highest possible quality and service. The
Jatco CVTT7 is the company's latest CVT model and the
first unit to be released since we reviewed and
improved our quality activities following these
momentous changes in the business environment.

2. Surrounding Business Environment and Issues
Specific examples of business environment

changes that must be met and the key points involved
are described below.

* B PRALED
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(1) Finding and fixing quality problems quickly

The Jacto CVT7 is the company's highest-volume
unit with a global monthly production volume of
approximately 100,000 units. It is necessary to
consider that if action on a quality problem is delayed
even one day, we may lose a chance to improve some
5,000 units. On the other hand, it may take 1-3
months if we just wait for defective products to be
recovered from the market in the conventional way.
For that reason, it is vital to have a process for
organizing and analyzing all sorts of data
comprehensively, formulating a hypothesis about the
root cause of a problem and then verifying it (Fig. 1).

More than just having a process for verifying
hypotheses, a system for supporting it was officially
implemented in April 2011 and is now in operation.
The most significant feature of this system is that it
enables stand-alone databases scattered throughout
the company to be linked virtually on employees'
PCs. With regard to quality, for example, product
defects in the field, process control data and data on
4M (manpower, material, method, machine) changes
can be visualized in one chart or graph, making it
possible to dramatically improve the accuracy and
speed of judgment and action (Fig. 2). Similarly, for
durability problems as well, a key point is to predict
and take action against potential durability issues
before a CVT accumulates high mileage over long-
term use. Activities are undertaken to investigate and
statistically process large volumes of quantitative
data, including cumulative mileage, wear levels and
other details for parts besides specific defective ones
recovered from the market (Fig. 3).
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systems
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5

A Use of SONAR* system for finding 4M changes,
including design and process changes.

*Takes only a few seconds with SONAR. + Previously took several days.
(Search, extract and combine various data)

Time lag of 3-5 months in warranty data due to
claim filing delay, assessment and data processing.

.
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Fig. 2 Conceptual overview of SONAR
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(2) Collection of quality-related information and
proactive action

Based on our own experience and examples at
other companies, there is a risk that information
conveyed via the Internet can change radically within
a week. The risk of rumors is particularly high in
markets where many JATCO CVTs are in use and in
emerging economies. It is essential to monitor the
situation in the local language concerned and to take
action promptly (Fig. 4).

Monitoring the Internet for risk of rumors
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(3) After-sales service for quality issues

The warranty period for automotive parts in
developed countries is usually five years or 100,000 km.
Compared with competitors, the warranty period has
tended to become longer even in emerging economies.
Another important factor is the repair cost for end users
after the warranty period expires. There is an urgent
need to achieve the same level of service for CVTs as
for stepped ATs as quickly as possible. One notable
reason is that a CVT is more expensive to replace than a
stepped AT. Another reason is that in markets with
rigorous quality requirements, it is difficult to overhaul
and repair or replace CVT parts (Fig. 5).
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?
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Out of warranty period
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Fig. 5 Improvement of quality of service
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3. Desired System

As explained here, it is vital to improve the quality
of current products and to provide thoroughgoing
after-sales service. Experience and knowledge gained
from previous incidents are fed back to prevent the
recurrence of problems with similar parts or processes
as well as in the development of new products. The
entire company is engaged in the crucial task of
feeding back information to the monozukuri process.
Naturally, we isolate the causes of individual defects
and take steps to prevent their recurrence by
deploying parallel activities for other products
throughout the company. The rapid expansion of
production on a global scale and the undertaking of
new events mean large changes are taking place. It is
necessary to reflect carefully on previous incidents
and improve our action deployment methods so that
similar quality problems do not occur for other
products at other places. In the course of promoting
global expansion of production in particular, we need
to learn lessons from past mistakes and express the
resultant tacit knowledge in simple, easy-to-under
formulas so that recipients can think about it for
themselves and apply it effectively (Fig. 6).

Prevention of recurrence:
No recurrence at other places for other parts

Dept. in charge

Recurrence prevention
manual & quick deployment

Lesson Learned Report

Creation of knowledge
(essence, simplicity, general solution)

Outsourced:
MDQ
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MDQ & functional axis

Deployment to other tiers is left to
Tier 1 suppliers
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1.1
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" GEN

a | Tier N |
Verification of effectiveness:
Cases that occurred from similar incidents
Follow-up on whether improvement
is maintained and continued

Fig. 6 Improvement of the process for preventing incident recurrence and deploying parallel activities
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4. Conclusion

The following are the personal views of one who
has spent 30 years working to assure the quality of
automotive parts.

@ Quality problems do not occur in places where people
are concerned about and confirm quality properly.

— A system is necessary for confirming judgments
made at every juncture and for every change so
that nothing is omitted or overlooked.

® In future quality improvement activities, it will be
essential to enhance the quality and speed of
making and verifying hypotheses on the basis of
quantitative data.

— Large volumes of many different types of
quality-related data need to be analyzed from
multifaceted perspectives so that hypotheses can
be formulated that lead to effective action.

® Before questioning the incompleteness of data, an
inspection should be conducted immediately based

on an awareness that one may be building in a

defect in one's own process.

— It is necessary for everyone, including suppliers,
to have a mindset for positive thinking.

People involved in quality assurance activities in
the field as well as employees in the experimental
(R&D) and quality control (factory) departments will
continue to exercise leadership in product quality
assurance work in the future as well. However,
everyone involved in monozukuri processes should
strive to improve quality levels little by little from the
perspectives noted above so that there is no
backsliding on quality. This is the only way, and also
the quickest way, to make our products number one in
quality worldwide. We plan to redouble our efforts
with the aim of providing our customers with the
world's best quality.

Takanao MORI
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Introducing the Steel-belt Jatco CVT7 for Front-drive Compact Cars
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Fig. 1 Main cross-sectional view

B Typical model fitted with the Jatco CVT7 Il

New TIIDA

11021

The Jatco CVT7 was adopted on the new generation
of the Tiida released in the Chinese market by
Dongfeng Nissan Passenger Vehicle Co. (Dongfeng
Nissan) in June 2011. The Jatco CVT7 features a
unique architecture that combines a conventional belt-
pulley system with a planetary auxiliary transmission
to achieve the world's widest ratio coverage. It also
incorporates Adaptive Shift Control (ASC) for quick
start-off response and smooth acceleration
performance combined with enhanced quietness in
high-speed driving. Thanks to its smaller, lighter
design and reduced fluid churning loss, the Jatco
CVTT7 greatly helps the new Tiida attain fuel economy
of 6.2L/100 km to comply with the standard of
6.9L/100 km under China's Phase III fuel economy
standards that came into effect in January 2012.
Excellent fuel economy is one of the appealing
features of the Tiida that has been highly popular
among customers.

The Jatco CVT7 went into production at JATCO
Guangzhou Automatic Transmission Ltd. in April
2011 and localization of production has contributed to
significant cost reductions.

Table 1 Specifications of Jatco CVT7

Torque capacity 150 Nm
Control system Electronic
Torque converter size 205 mm dia.
Counter gear ratio 0.967

Pulley ratio

Low: 2.2 High: 0.55

Ratio coverage

7.3

Planetary gear ratios

Ist Fwd: 1.821

2nd Fwd: 1.000

Rev: 1.714
Final gear ratio 3.882
No. of selector positions | 5
Overall length 327.3 mm
Weight (wet) 67.3 kg (no IS figure)
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Introducing the Steel-belt Jatco CVT7 for Front-drive Sedans
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Fig. 1 Main cross-sectional view

The Jatco CVT7 was adopted on the Nissan Versa,
a new global sedan that Nissan North America Inc.
released in its market in August 2011. Incorporating a
unique auxiliary transmission, the Jatco CVT7
achieves the world's widest ratio coverage. Adaptive
Shift Control (ASC) is provided to ensure excellent
start-off response and acceleration performance while
also improving quietness during high-speed driving.
This smaller, lighter CVT with reduced fluid churning
loss contributes significantly to the Versa's excellent
fuel economy figures of 30 city/38 highway mpg
under the US 2016 CAFE test cycle. Outstanding fuel
economy is one of the appealing features of the Versa
sedan and has earned high praise from customers in
North America. In addition, cooperative control
between the engine and transmission achieves the
target set for improved vehicle response when re-
accelerating.

Table 1 Specifications of Jatco CVT7

Torque capacity 150 Nm
Control system Electronic
Torque converter size 205 mm dia.
Counter gear ratio 0.967

Pulley ratio Low: 2.2 High: 0.55

Ratio coverage 7.3

Planetary gear ratios Ist Fwd: 1.821
2nd Fwd: 1.000
Rev: 1.714

Final gear ratio 3.882

No. of selector positions | 5
327.3 mm
67.3 kg (no IS figure)

Overall length
Weight (wet)

B Typical model fitted with the Jatco CVT7 Hl

New Versa Sedan
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Introducing the JF613E 6-speed AT for Front-drive Cars
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The JF613E 6-speed AT was adopted on the all-
new SM7 large passenger car released by Renault
Samsung Motors in the South Korean market in
August 2011. This was the first application to a
gasoline engine of the version of this AT without a
one-way clutch. Fuel economy has been improved by
reducing internal friction, applying neutral idle
control and expanding the region of lock-up
operation. Adaptive Shift Control (ASC) is also
provided for automatically selecting the optimum
gear matching the driving environment and road
surface conditions. These features have made this AT

immensely popular with customers.

Table 1 Specifications of JF613E AT

Torque capacity 240 /330 Nm
Control system Electronic
Torque converter size 250 mm dia.
Gear ratios Ist 4.199

2nd 2.405

3rd 1.583

4th 1.161

Sth 0.856

6th 0.686

Rev. 3.457
Final drive gear ratios 3.804 /3.36
No. of selector positions 4 (P,R, N, D) +M-Mode
Overall length 385 mm
Coner s btvesnegne | i
Wet weight 98 kg
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Introducing the Jatco CVT7 for Front-drive Cars
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Fig. 1 Main cross-sectional view

The Jatco CVTT7 steel-belt CVT was first adopted
on the Palette released by Suzuki Motor Corporation
in September 2009, and its application was
subsequently expanded to Suzuki's Wagon R, Lapin
and other models. It is also featured on the Sorio, a
small car that Suzuki rolled out in December 2010.
The Jatco CVT7 incorporates an auxiliary
transmission to achieve one of the world's widest ratio
coverages. This feature reconciles low-speed
acceleration performance with improved quietness
and low fuel consumption during high-speed driving
by holding down the engine speed.

Table 1 Specifications of Jatco CVT7

Torque capacity 118 Nm

Control system Electronic

Torque converter size UUF 185 mm dia.

Pulley ratio Low: 2.2 High: 0.55

Ratio coverage 7.3

Final gear ratio 3.757

No. of selector positions | 5

Overall length 319.3 mm
Weight (wet) 64.2 kg

B Typical models fitted with the Jatco CVT7 Il




[SLLECHN

ZAX*M@EIF FFERACVT Jatco CVTTDIBAN

Introducing the Jatco CVT7 for Front-drive Cars
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Fig. 1 Main cross-sectional view

The Jatco CVT7 has been adopted on a number of
minicars produced by Suzuki Motor Corporation,
including the Palette released in September 2009 as
well as the Wagon R, Lapin and other models.
Moreover, its application has also been steadily
expanded to Suzuki's small cars such as the Swift,
Sorio and others. The Jatco CVT7 was also fitted on
Suzuki's Alto Eco car series in January 2012. The
Alto Eco achieves impressive fuel economy of 30
km/L under Japan's JCO8 test mode. The reduced
friction level of the Jatco CVT7 and the addition of a
control technique for executing a coasting downshift
after the vehicle stops contribute significantly to this
fuel economy performance.

Table 1 Specifications of Jatco CVT7

Torque capacity 63 Nm

Control system

Electronic

Torque converter size

UUF 185 mm dia.

Pulley ratio

Low: 2.2 High: 0.55

Ratio coverage

7.3

Final gear ratio 4.575

No. of selector positions | 5

Overall length 319.3 mm
Weight (wet) 64.4 kg

B Typical models fitted with the Jatco CVT7 i

Alto Eco
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1. Internship program for Yoshiwara Technical High

School students

An internship program for Yoshiwara Technical
High School students was conducted mainly at the
Ginou Juku (Technical Skills School) and
Educational Center in Fuji Area No. 1 over a three-
day period beginning from Tuesday, September 7,
2010. The purpose was to foster the students' views of
occupations and work through job experience in
actual workplaces and deepen their understanding of
related academic subjects.

All second-year students at Yoshiwara Technical
High School personally experience working at local
companies. As in the past, JATCO welcomed 19
students. At the Educational Center they gained first-
hand experience in pinboard exercises,
disassembling/assembling an AT, and machining
actual workpieces using a machining center program,
among other work operations.

2. Presentation at Third AsiaForge Meeting

A JATCO employee delivered a presentation at the
Third AsiaForge Meeting at the Renaissance
Shanghai Zhongshan Park Hotel in Shanghai, China
on Tuesday, September 14, 2010. Entitled "Eco-
friendly CVT Pulley Forging," the presentation
described the activities undertaken to integrate the
pulley parts of the JFOI1E CVT currently being
produced at JATCO Guangzhou (JGZ). This
presentation was given in response to a request from
the Japan Forging Association. Presenting the efforts
made to integrate the forged pulley parts provided an
opportunity to publicize the contributions of JATCO's
CVTs to the global environment through weight
savings and improvement of vehicle fuel economy.

The meeting attracted a large number of people
involved in forging, not only from China, India,
Korea, Taiwan, Japan and other Asian countries, but
also from the U.S. and Europe. Technical
presentations were given by employees of three
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Japanese companies —Nissan Motor Co., Ltd., Toyota
Motor Corporation and JATCO.

3. Gold Medal Recipients at the 40th All-Japan Select
QC Circle Conference

The All-Japan Select QC Circle Conference was
held at Hibiya Public Hall on Tuesday, November 9,
2010, celebrating the 40th anniversary of QC circles.
Two JATCO teams that had won in the regional
qualifying competition were awarded gold medals.
Only seven of the 18 selected teams that had won in
the regional qualifying rounds were given gold
medals. This was the first time for JATCO to receive
this honor.

O RL0BE2 2OFWEQCY - JILASE

4. Aguascalientes State Governor Carlos Lozano
visits JATCO

On Wednesday, December 1, 2010, Carlos Lozano
was newly sworn in as governor of Aguascalientes
State where JATCO Mexico, S.A. de C.V. JMEX) is
located. Prior to that, Governor Lozano visited
JATCO on Thursday, October 21 for an informal
discussion with JATCO President Shigeo Ishida and
toured plant No. 7 in Fuji Area No. 1, where he
exchanged views with JMEX employees currently
dispatched to Japan. The following is a summary of
Governor Lozano's remarks on that occasion.

"On this visit to Japan, I am very grateful to have
this opportunity to see the citizens of Fuji city and the
Mexican employees dispatched to Japan actively
engaged in new projects. Around thirty years ago
when Aguascalientes State invited Nissan Motor
Company to build a plant in our state, it was generally

recognized that it was difficult for Mexicans to work
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at the managerial level or as engineers at Japanese
companies. I am pleased to note that today many
Mexicans are active as managers or engineers at
various companies, not only JATCO and Nissan, as
more and more Mexicans are being employed in such
positions.

JATCO has been operating in Aguascalientes State
for only five years now, but I am confident that
JATCO Mexico has an enormous future potential,
given its high production efficiency and outstanding
engineering staff. This visit to Japan has enabled me
to understand what an excellent company JATCO is,
and my time spent here has been truly worthwhile.
Thank you all very much."

5. Presentation at a symposium hosted by Henkel

A JATCO employee delivered a presentation at the
Henkel 2010 Asia-Pacific Powertrain Customer
Symposium hosted by Henkel AG & Co. KGaA at the
Pudong-Shangri-La Hotel in Shanghai on October 21,
2010. Henkel supplies JATCO with fluid gaskets and
aluminum die cast release agents. Headquartered in
Dusseldorf, Germany, Henkel is a multinational
company with business operations in Europe, North
and South America and Asia.

Attendees included employees from many vehicle
manufacturers, auto parts makers and research
companies in various Asian countries, including
China, India, Korea and Japan, among others.
Participants from 10 companies gave guest speeches.

Attendees from three Japanese companies —
Toyota, Honda and JATCO —delivered presentations.
For JATCO, it was a good opportunity to publicize
the remarkable benefits of CVTs in China, which is a
key market for JATCO's business.

6. Support for Shizuoka Prefecture High School
Students Eco-run Challenge

The 18th Shizuoka Prefecture High School
Students Eco-run Challenge was held at the Shizuoka-
ken Driving School in Shizuoka city on November
13, 2010. This event is organized for students of
technical high schools in Shizuoka prefecture. The
contest tests students' eco-driving skills using fuel-
saving cars that they have designed and built
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themselves. JATCO again supported this year's event
as it did last year. The following is an overview of the
Eco-run Challenge.

In the gasoline-engine vehicle category, entrants
vie for the best fuel economy in driving 10 kilometers
in 25 minutes. In the electric vehicle category,
entrants compete for the longest driving distance
obtained with the same battery capacity using two 12-
volt, 3-amphere-hour batteries. The students also
present the results of their club activities and research

projects.

7. Presentation at a monozukuri innovation seminar

The Japan External Trade Organization (JETRO)
sponsored a seminar entitled "The Mindset of
Monozukuri: Encouraging a Culture of Talent and
Innovation in Manufacturing" in Lexington, Kentucky
on November 18, 2010. The aim of this seminar was
to share the monozukuri concepts and business
practices of Japanese companies with their American
counterparts and to promote better mutual
understanding.

The seminar attracted approximately 200 attendees
mainly from auto parts makers and included
government-related participants such as the present
and former governors of Kentucky and personnel
from the Japanese Consulate-General in Nashville,
Tennessee.

JATCO was asked by the sponsors and the North
American office of the Japan Auto Parts Industries
Association to make a presentation on the theme of
"JATCO's

The presenter explained the monozukuri activities

Establishment of Monozukuri in Mexico."

undertaken at JATCO Mexico since it was
established.
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8. Keynote Presentation at CVT 2010

A JATCO employee delivered a keynote
presentation at the International Conference on
Continuously Variable and Hybrid Transmissions
(CVT 2010) held in Maastricht, Netherlands on
November 17-19, 2010. This large-scale international
conference attracted approximately 170 globally
prominent attendees involved with CVTs, including
people from universities, research institutes, vehicle
manufacturers, auto parts makers and others. Besides
the keynote speaker from JATCO, other keynote
presenters were from Bosch Transmission
Technology B.V. of the Netherlands and Politecnico
di Bari of Italy. In addition, 36 individual technical
presentations were given.

9. JATCO exhibits at 2011 Seoul Motor Show with
the cooperation of JKE/JSE

The 2011 Seoul Motor Show was held at the Korea
International Exhibition Center (KINTEX) in Goyang
city in the suburbs of Seoul over a ten-day period
from April 1-10. Under the theme of "Evolution,
Green Revolution on Wheels," 139 companies from
eight countries took part in the show at which over
300 vehicles were displayed, including new models
and concept cars. Beginning with the Korean
automakers, exhibitors showed off their latest
products and technologies. With the cooperation of
JATCO Korea Engineering Corporation (JKE) and
JATCO Korea Service Corporation (JKS), JATCO
presented a booth decorated in the corporate colors
and publicized the company's engineering strengths
and advanced capabilities with respect to
environmental technologies.
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10. JATCO exhibits at 2011 Automotive Engineering
Exposition

The 2011 Automotive Engineering Exposition,
sponsored by the Society of Automotive Engineers of
Japan, Inc. (JSAE), took place at Pacifico Yokohama
from Wednesday-Friday, May 18-20, 2011. JATCO
emphasized its eco-friendly transmissions, presenting
the company's full CVT lineup under the banner
message of "Fuel-efficient transmissions contributing
to CO2 reduction worldwide." The exhibits also
included transmissions for hybrid vehicles and a new
4-speed AT intended for use in emerging economies.

The technological superiority, development history
and other details of CVTs were once again showcased,
as these transmissions have attracted attention as an
effective environmental technology. A notable exhibit
was the Jatco CVT7, a newly developed steel-belt
CVT featuring an auxiliary transmission. The Jatco
CVT7 was simultaneously awarded the JSME Medal
for New Technology in fiscal 2010 by the Japan
Society of Mechanical Engineers and the 61st JSAE
Technology Development Award given by the Society
of Automotive Engineers of Japan, Inc. (These awards
were shared with Nissan Motor Co., Ltd., which
jointly developed the CVT7.) JATCO's outstanding
technological capabilities, combining advanced
product technologies and mass production
engineering, were highly rated based on evaluations of
the new technologies and manufacturing workplaces.
[Overview of ISME Medal for New Technology]

This award is given in recognition of "the
development of a new technology, product or system
completed within a period of several years in
machinery industries." Candidates are evaluated on
the basis of five evaluation criteria: (1) originality and
newness, (2) relative superiority in quality or
performance, (3) contribution to the economy or
society through improvement of productivity, (4)
relationship to mechanical engineering and industry,
and (5) ripple effects.

[Overview of JSAE Technology Development Award]

This award is given to individual JSAE members or
to joint development partners for the development of
a new product or technology that helps to advance

automotive engineering.
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11. Presentations at 2011 TM Symposium China
sponsored by SAE China

Three JATCO employees delivered presentations at
the 2011 TM Symposium China held in Shanghai,
China over a three-day period from April 19-21,
2011. This event was sponsored by the Society of
Automotive Engineers of China (SAE China). The
presentations strongly emphasized the superiority of
CVTs and ATs and elicited so many questions that
the allotted time was almost insufficient for
answering all of them. The details of the presentations
were also later given considerable coverage by local
media. These are indications of the strong interest in
CVTs and ATs in China.

12. Presentation on newly developed 4-speed AT at
CTI Symposium

The 5th CTI Symposium & Exhibition-North
America was held in Detroit, Michigan, USA over a
two-day period on May 17-18, 2011. Many technical
presentations concerning transmissions were given at
this event. A JATCO employee delivered a
presentation on the company's newly developed 4-
speed AT that features new control technologies and
is lighter, more compact and lower in cost than the
previous unit.

In the Q&A session following the presentation,
CIT Chairman Ernie J. DeVincent (Vice President-
Product Development, GETRAG Transmissions
Corporation) posed the question: "While other
companies' presentations have been about 8-speed
and 9-speed transmissions, why did you develop a 4-
speed transmission now?" The JATCO presenter
replied that: "Consumers are mainly concerned about
cost. In emerging economies like India, A- and B-
segment vehicles constitute the mainstream, so it is
important to develop minimum-size ATs suitable for
small-displacement engines." This answer drew the
attention of many attendees because it emphasized
that JATCO is putting importance on the development
of ATs designed for global markets, in addition to
CVTs.
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13. JSAE Fellow Member honors

Two JATCO employees were granted JSAE Fellow
Member status in 2011 at the annual general meeting
of the JSAE Kanto Branch on June 2, 2011. The
JSAE Fellow Member system confers this
membership grade honor on regular members who
have made notable contributions to the
accomplishment of JSAE's objectives and to
automotive science and engineering. It is intended to
encourage recipients to take pride in being a Fellow
Member and to vigorously participate in activities
voluntarily so as to energize the Society and promote
the further development of automotive engineering.
To date, a total of eight JATCO employees have been

granted Fellow Member status.

14. Releasing juvenile sweetfish and distributing
greenery as Environment Month activities

Releasing juvenile sweetfish on June 17
Young employees of JATCO Plant Tec Ltd. joined
the pupils of the privately operated Izumi

Kindergarten in the city of Fuji in releasing juvenile
sweetfish in a nearby river. The employees and the
kindergarten teachers first cooperated in performing a
play that day on the theme of "let's treasure rivers" in
order to convey the importance of fresh, clean
streams. After that, 350 juvenile sweetfish were
released from buckets into the Tajuku River that
flows through the Izumi area.

Distributing greenery on July 3
JATCO distributed 100 potted foliage plants,
flowers and other greenery to local children around

Koikegawa in the Kambara area.
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15. Commendation of Yagi and Kyoto plants' safety
activities at Kyoto Safety and Sanitation Convention

The Kyoto Safety and Sanitation Convention was
held in Kyoto on July 5, 2011. JATCO's Yagi and
Kyoto plants received the Chairman's Prize given by
the Kyoto Labor Standards Association for their
excellent safety and sanitation management. This
prize is given to places of business meeting the
following criteria: (1) located in Kyoto prefecture and
have 50 or more employees, (2) have not received any
governmental commendation in the past, and (3) have
not had any incidents causing a work stoppage for
four or more days in the last two years. In winning
this prize, the regular safety activities at the Yagi and
Kyoto plants were highly evaluated. Having received
this recognition, the plants intend to continue to
operate without any incidents during the current fiscal
year.
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[SUMMARY OF THE INVENTION]

When a through speed ratio, which is an overall
speed ratio of a variator and a subtransmission , varies
from a larger speed ratio than a mode switch speed
ratio to a smaller speed ratio than the mode switch
speed ratio, a gear position of the subtransmission is
changed from a frist gear position to a second gear
position. The mode switch speed ratio is set at a
through speed ratio obtained when the speed ratio of
the variator is a highest speed ratio and the gear

position of the subtransmission is the first gear

position.
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A continuously variable transmission includes a
variator capable of varying a speed ratio
continuously, and a subtransmission prvided in series
with the variator. On the basis of an operating
conditionof a vehicle, a transmission controller sets a
destination through speed ratio, which is an overall
speed ratio of the variator and the subtransmission to
be realized in accordance with the operating
condition, and controls the variator and the
subtransmission on the basis thereof. When shifts are
prohibited in the subtransmission, the destination
through speed ratio is limited to a speed ratio range
that can be realized only a shift in the variator.
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