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JATCO's Evolution

The transmission will be the “key player” in vehicles.
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According to Darwin's theory of evolution, “species are
not immutable; they have changed gradually over many
millennia.” JATCO's automatic transmissions (ATs) and
continuously variable transmissions (CVTs) have also
evolved little by little through successive generations.
Where is this evolution headed now?

Regulations on vehicle fuel economy are becoming
increasingly tighter every year in countries around the
world. The latest environmental technologies are being
deployed as measures to comply with these tighter
requirements, including the development of hybrid electric
vehicles (HEVs), electric vehicles (EVs) and fuel cell
vehicles (FCVs), among other things. However, none of
them seems ready to play a leading role starting tomorrow.
As per the forecast global market share of EVs will only
be around 1% even in 2020. There are also numerous
issues that must be resolved in order to promote full-
scale diffusion of FCVs, such as the implementation of the
necessary hydrogen supply infrastructure and reduction of
the vehicle price, among other issues.

In this situation where there are rising needs for high-
performance vehicles with excellent fuel economy, what
is required of the transmission? I am convinced that the
transmission can provide customers with even greater
value than at present by becoming the “key player” in the
overall vehicle system. The reason is that the transmission
is responsible for transmitting driving force, which is one
of the most fundamental and critical roles that must be
fulfilled in a vehicle. It is also because the transmission
occupies a core position in the operation of a vehicle in
that it delivers the optimum driving force and braking
force in a timely manner by accurately judging the ever-
changing driving conditions and linking with the engine,

drive motor, brakes and other vehicle components.
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Becoming the key player means active participation
in the overall control of the vehicle, not only that of the
transmission itself. This means that the transmission will
play a much more important role in the context of systems
engineering concepts about how to configure the entire
vehicle system.

In order to comply with increasingly tighter fuel
economy regulations, what is especially important in the
context of systems engineering is energy management.
A highly efficient system can be constructed through
total energy management, including suppressing energy
losses in the transferring of driving force and recovering
kinetic energy. The transmission can play a key role here.
Besides improving the efficiency of the transmission,
of course, there are various conceivable approaches to
energy regeneration such as by skillfully combining the

transmission with a device like a flywheel storage system.

Galapagos is a word that has become popular due to
the failure of Japan's mobile phone industry. In an isolated
world like that of the Galapagos Islands, one cannot hope
for evolution toward outstanding technologies and products
that will be continued in succeeding generations. The
same can be said for the automotive transmission. It must
serve as the key player in the overall vehicle system and in
the area of energy management. In order to provide more
significant value to automotive culture and to society at
large, as we move toward 2020 or further toward 2030
or 2040, we must consider how to evolve the overall
vehicle system in a way that transcends the framework of
the transmission itself. In this regard, the mission of an
evolving transmission manufacturer is to think together
with the automakers, find the optimum solution and then
turn it into a reality.

In Darwin's words, “It is not the strongest of the species
that survives, nor the most intelligent that survives. It is the
one that is most adaptable to change”.

At JATCO, we intend to evolve into a “key player”
in automotive engineering by attaining the best

“monozukuri” operations without being afraid of change.
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Automotive transmissions have progressed over the
years from manuals to automatics in response to demands
for driving ease. Further evolution has involved the
addition of more speed ranges to automatic transmissions
to reconcile power performance with fuel efficiency and
also the adoption of fine-tuned control techniques to obtain
gear ratios matching actual driving styles. Continuously
Variable Transmissions (hereafter CVT) have been
introduced as a decisive technology for achieving both
power performance and fuel efficiency, two demands that
are difficult to reconcile. The use of CVT is continuing to
expand today in markets around the world.

JATCO is the only global transmission supplier with a
full lineup of CVTs for use on minivehicles to passenger
cars powered by large displacement engines. Our
monozukuri divisions—specifically, product development,
manufacturing, purchase and quality assurance—have
continuous major role for constantly improving and
innovating our CVTs to meet customer needs. We have
also been globalizing our operations rapidly to facilitate
local production in order to supply our customers with
high-value products in a timely manner.

The basis of our monozukuri operations is the JATCO
Excellent Production System (hereafter JEPS) program.
The fundamental philosophy of the JEPS program is
a “never-ending quest to identify issues and establish
reconstructive solution.” This pursuit is supported by a two
parallel approaches (like two wheel of a vehicle), which
involves building systems for driving the improvement
activity, innovation of monozukuri and the development of
the human resources that support the systems.

The development of human resources for monozukuri
involves cultivating employees capable of proactively

noticing and identifying issues and implementing

Aiming to establish “Global No. 1 Monozukuri”
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corrective measures that produce dramatic improvements.
Moreover, it is also necessary to develop people capable of
conducting such employee education. In order to cultivate
employees, we are striving to instill the fundamental
philosophy of monozukuri by holding workplace meetings
to confirm the principles of JEPS. The persons responsible
for carrying out monozukuri operations take the initiative
to lead by example in checking how monozukuri activities
are performed in their own workplaces. We also conduct
education and training courses at our Global Training
Center and Kaizen Dojo (Kaizen Center) in Japan for
trainees from each assembly plant who will serve as
leaders at their own facilities. This is done from a global
perspective of developing and strengthening the technical
skill levels of technical personnel working on the front
lines of their manufacturing workplaces. Many such
trainees are now active as manufacturing leaders at their
own facilities where they also serve to promote JEPS by
implementing in their own workplaces what they learned
and brought home from Japan.

In order to supply products with high competitiveness
globally, we must pursue innovative monozukuri that other
companies cannot imitate. We have set challenging goals
such as halving the number of processes in production
engineering, substantially reducing cycle times, and
improving efficiency from the perspective of total energy
management in the area of product development. Company-
wide efforts are also under way to advance technological
development for the purpose of accomplishing these goals.

Corporate activities must increasingly be pursued
from a global perspective today, as typified by global
environmental issues. It is projected that demand for
CVTs featuring outstanding environmental performance
will continue to expand. We are driving ahead with
various improvement and innovation activities to firmly
instill the philosophy of the JEPS program in our
global operations. Vigorous efforts are being made to
enhance our capabilities for improvement and innovation
at our production plants, which are the source of our
competitiveness in monozukuri. We are also seeking to
further strengthen our product competiveness in terms of
technological development. Through these ongoing efforts,
JATCO will continue to evolve with the aim to establish
“Global No. 1 Monozukuri”.
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Summary The JATCO Technical Review was first
published in 2000, and the progression regarding CVTs
before that time is not well known. In conjunction with this
issue's special feature, this article describes the origin and
history of the belt-type CVT. In the period before 2000,
various fundamental technologies of the belt-type CVT
were established that are succeeded to today's CVTs. This
article traces the historical evolution of the initial CVTs
developed by Nissan Motor Co., Ltd (hereafter Nissan) .
and JATCO Ltd. (hereafter JATCO), including the period
of basic research prior to 2000.
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1. Introduction

The first use of a belt-type CVT on an automobile dates
back to 1958 when the Variomatic ' originally developed
by Dr. Hub van Doorne was mounted on a small DAF and
Volvo passenger car of which several million units were
eventually sold. The belt at that time was made of rubber,
but subsequently a metal belt possessing superior durability
and reliability was invented with the aim of increasing the
torque capacity and popularizing CVTs on passenger cars
with engine displacements of 0.8L or larger. Fig. 1 shows
a prototype unit designed for application to RWD vehicles
and which might be said the origin of the metal-belt CVT.
This historical CVT is still preserved today in the DAF
Museum in the Netherlands.

In 1972, Van Doorne's Transmisie (hereafter VDT)
was established as a metal belt manufacturer. Its metal
belts were actively applied to various vehicles and progress
was achieved in developing technologies for increasing
the torque capacity. The torque capacity of belt-type CVTs
increased dramatically over a period of approximately 15
years as noted below. Currently, a belt-type CVT is being
adopted for 3.5L engine.

@ 1987: CVTs for 1.2L engines developed by Fuji Heavy

Industries, Ford and Fiat
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Fig. 1 The First Metal Belt-type CVT by VDT
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@ 1997: CVT equipped with a torque converter adopted
by Nissan for use with a 2.0L engine
@ 2002: CVT equipped with a torque converter developed
by JATCO for use with a 3.5L engine
Amid this historical progression, the evolution of
JATCO's CVTs today originated from a unit that Nissan
began researching in 1980. This article describes various
R&D highlights prior to 2000 that established the
foundations of JATCO's current CVT technologies.
"' A dry belt CVT that is displayed at JATCO's Welcome
Center in Japan.

" Currently Bosch Transmission Technology B.V.

2. History of the Technological Evolution of Belt-type
CVTs

Fig. 2 traces the history of the evolution of belt-type
CVT technologies. This evolution is broadly divided into
CVT technologies and technologies for the key parts
of CVTs. The evolution of CVT technologies is further
divided into two groups, namely, straight CVTs without
an auxiliary transmission and CVTs with an auxiliary
transmission. Various types of shift control technologies
have also been developed to match individual CVT models.
The Jatco CVT7 and the Jatco CVT8 embody grand sum
of the technologies developed in these two categories over
the years.

Important technologies for the key parts of CVTs
include push belts and pull chains that are essential for
transmitting torque, CVT fluids for obtaining the desired
torque capacity, and high-pressure oil pumps for securing
pulley clamping force. Vigorous development efforts have
been made in various areas to improve the performance of
these key parts.

The area highlighted with a light green background in
the figure is the period before 2000 that is the focus of
this article. We define this period this as a historical era
in the evolution of CVTs. The following sections describe
a number of new technologies that our predecessors
undertook the challenge to develop in these three

categories through their concerted efforts.
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Fig. 2 Historical era for CVTs
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3. Highlights of Technological Developments in Each
Category

3.1. Technologies for straight belt-type CVTs

The decade of the 1980s was a time when a
hydraulically controlled 3-speed AT was being developed
at the Nissan Technical Center with the backdrop of
adopting FWD systems in small cars. At Nissan's Central
Engineering Laboratories, meanwhile, research was
launched on a CVT with electronic shift control with
the aim of anticipating a future era of electronically
controlled transmissions. That happened soon after the
development of metal belt technology, and at that time it
was thought that the application of CVTs to engines larger
than 1.0L displacement was still far off in the distant
future. However, a project with the code name of CV150
was initiated to expand the torque capacity of CVTs for
application to 150-Nm engines, based on the concept that
larger torque capacity was the key to the popularization of
CVTs. Various basic research activities were undertaken in
that project such as those noted below.
(1) Clarification of the relationship between transmitted

torque and required pulley thrust based on the

Hydraulic Pump

S

[Secondary Puley |
Fig. 3 Cross-sectional View of CV150 Research Unit
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following equation

T=2 u RF/cos 6
T: transmitted torque;  u : friction coefficient; R: belt

running radius; F: pulley thrust force; 6 : sheave angle
(2) Clarification of the relationship between ratio and

pressure balance characteristics of the input/output
pulleys
(3) Improvement of shift stability by means of a ratio
feedback link
(4) Verification of electronic shift control using a stepper
motor
(5) Verification of fuel economy and power performance in
actual vehicles
Fig. 3 shows a cross-sectional view of the CV150
research model that was mounted in a test vehicle. In
addition to ensuring the smooth driving ease of an
automatic transmission, the pleasure of shifting was also
pursued jointly. The internal structure of the CV150 in Fig.
3 is still the standard configuration of today's CVTs. It is
noteworthy that this optimum layout designed for FWD
vehicles was achieved at such an early stage.

Based on the fundamental technologies built for
the CV150, advance engineering was undertaken to
develop a mass-produced CVT. That work created the
technologies related to the quality design and the major
unit specifications needed to achieve a CVT for practical
application. The following is a list of the principal items
for which technologies were developed at that time.

(1) Technology for designing the push belt usage
@ Alignment accuracy of the fixed input/output pulley
halves
@ Ball spline accuracy of the input/output pulleys
@ Parallelism of the input/output pulley shafts
@ Stiffness and Strength of input/output pulley
@ Stability of speed ratio during belt operating in high
speed
@ Stiffness design of case parts supporting the pulleys
(2) Technology for analyzing push belt failure modes
@ Excessive pulley thrust force mode
@ Pulley misalignment mode
@ Excessive belt speed mode
@ Belt overheating mode (including non-lubricated
condition)
(3) Design technology for major unit specifications/
principal parts and control technology
@ Necessary center distance between pulley shafts
@ High-efficiency high-pressure oil pump
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Fig. 4 Cross-sectional View of Advance Engineering CVT
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@ Shift control- Technology to obtain good stability

and response

@ Optimum line pressure control

@ Smooth lock-up control

Fig. 4 shows a main cross-sectional view of the advance
engineered CVT, and Fig. 5 shows its electronic shift
control system. The foundations of shift control using a
stepper motor and a mechanical pulley position sensor
were established with the development of this CVT. When
the shift control valve was moved by the linear movement
of the stepper motor, the hydraulic pressure was fed
back to control the pulleys to the desired position for the
specified ratio. This control system had good robustness,
and it established the key technology for securing both
CVT shifting stability and responsiveness, qualities
essential to the viability of a CVT. That technology led to
the development of the control system for mass-produced
CVTs. As a key shift control system, it was continued
by JATCO's JFOO9E, JFO11E and JFO10E models. The
establishment of this shift control system made it possible
to conduct various types of functionality, driveability
and reliability evaluations using experimental prototype
vehicles mounted with CVT.

As shown in Fig. 4, this advance engineered CVT was
built with a fluid coupling used as the start-off element.
Extensive vehicle testing was conducted in which start-
off acceleration performance was also thoroughly
evaluated. As a result, it was also made clear by this
advance engineering work that a torque converter with
a torque multiplication function would be necessary to
obtain satisfactory start-off acceleration. That led to a
decision to adopt a torque converter for the FO6A that was

subsequently launched as a mass-produced CVT.

| Speed ratio feedback link |

Primary pulley

Stepper motor |

Stepper motor
e | Shift control valve |

Shift control-valve

Fig. 5 Electronic Shift Control Mechanism of CVT
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Fig. 6 Improved Shift Control to obtain Better Shift Feel
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Various improvements were also being made to CVT shift
control from the research stage of the CV150. Different
attempts were made at that time to research a shift control
for achieving a feeling of acceleration matching human
sensibility by controlling engine speed flare during power-
on acceleration. The basis of the concept that led to today's
linear mode was formed at that time (Fig. 6). In addition,
a CVT control for a manual shift mode that allowed the
driver to freely select arbitrary fixed ratios was also being
researched in test vehicles. Nowadays, a manual shift mode
is commonly found on many CVT-equipped car models.
Fig. 7 shows an example of a 7-speed manual shift gate
pattern that was being researched in those days for CVT
application.

Studies of hybrid systems were also conducted in
cooperation with the academic community. Professor
Andrew Frank at the University of California, Davis who
were conducting the research on energy regeneration
function using CVT, a joint research project for several
years from around 1998 was started, also to research
one-motor two-clutch hybrid powertrain using our
mass production CVT. JATCO employees also went to
the university to study and were vigorously engaged in
acquiring various new control techniques. Fig. 8 is a photo
of the hybrid powertrain being researched at that time. Dr.
Frank's department entered a research vehicle mounted
with this powertrain in the Future Car Contest and it
created a brilliant record of becoming the U.S. champion
in the fuel economy category. Among the technologies
researched in that project, there are still various technical
items that are expected to be utilized in the future as a
means of achieving even more efficient CVTs.

Shifter Gate Sample
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Fig. 7 Gate Pattern of CVT Manual Shift Mode
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Fig. 8 Hybrid Powertrain with Nissan CVT
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3.2. Technologies for belt-type CVTs with an auxiliary
transmission

Combining an auxiliary transmission with a CVT
enables the overall transmission system with the CVT
mechanism to greatly expand both torque capacity and
the range of ratio coverage compared with a transmission
consisting of a CVT mechanism alone. As a result, that
makes it possible to build a CVT that is mountable in the
small engine compartment of small cars and provides wide
ratio coverage despite its compact size. For that reason,
companies were engaged in vigorous research efforts to
develop technologies in this area. The JATCO CVT7 is a
revolutionary unit that was the world's first to successfully
embody the required technology in a mass-produced CVT.
The research this technical category was also undertaken
at Nissan research center.

Fig. 9 is a main cross-sectional view of the CVH150
that was researched and developed with an auxiliary
transmission in the latter half of the 1980s. The torque
capacity of the straight belt-type CVT CV150 was 150 Nm.
The CVHI150 was developed with the aim of achieving a
torque capacity of 250 Nm by combining the CVT with an
auxiliary transmission while using the same 24-mm-width
steel belt. The transmission ratio on the Low side right
after vehicle launch was achieved with the gear drive of

the auxiliary transmission. After the vehicle was launched,

Fig. 9 Cross-sectional View of CHV150 with Auxiliary
Transmission

Origin of the Belt-type CVT and History of Its Evolution

72. ARL—ME®D CV150 T 150Nm DMV 72 F5EL,
HIZZO CVHI50 DBIFET 230Nm DfrE MV 7 %2 GET
E7oZBIZXY, 35L UV CVT DB DA%
DT T/ TH 7.

HIFE Jatco CVTT 12BN Tl CVT 28 7 il £ & Fll 22 3k
DL A O M R AR el L e>TW5
S, FD X 7RI Y AR & B ge Xz, BIZIEE]
ZHREE T TN CE TERE) D CVT BRENCYID B2 5L
&, 72012 CVT BREN A HF Y ERENC D% E D2 AL X
FZNZENOLEEHNE DL A I 7 L 28 M F w3
HZETINT VAT ary EIRE L TIRDAL—= AR 74—
THESNL I HEAM AU e Sz V=l
TREFHIFICIV T 2 IN=5—Day 7 Ty T 757 F bl
B L TR A28 S TR BD 74— 0 7 %15
LEMHHELEN, D T Me DNA IZHAED Jatco
CVT7 OZEHIENIZ AT T 5.

3.3. CVT O+ —EB kit

JelkDEBY, CVT OF =i LTIV, Fo1 2,
CVT 7V—F, BilEFANVRSTTHY, WFeRtr 5
T4 DFFED A THITEZ.

FRIZAOUN, F oA NIV REDETHY), T DR
AL TIER T A0 MO TEETH L. WLk
RIZIE CVT O EZRRREZ LA ZEL [/ IdFoc
2R ] LVI)BROXIE T EAHY, AT A2 (FR)
BREME CVT F =4 Y O e rb 7z, Fig. 1012, &
DOMBARMET A Y OMBIEEZRT. TEOIHZ, B
DTy 2NVIETNF 2= O BEFEZ G bE o7
L BREEDNIVNTHY, GE4oTE R BB %
DIERZFHF) O I RHAMEMD T HETH L. AF A~
DOWFZETIE, Bz EREYE, NVH F#1EI2DWT “Push
Belt” & “Pull Chain” DFFIZOWTHIABFZEE N,

NVH D729, Fig. 10 FIIRSNzayh—Ta v
MY OFEfi™ R OF 7 2L, KA 25 OF =4 V%
12 ¥y F 472y b T BT7ATTICED, BEREEITL TV
VDT #1:® Push Belt [AI5EDFHIRL NV 2 E L TE T2,
O FETIHONTZ N EF A VK CVT IZHIEARS
VANQAYSYSS

1121

the shifting of the auxiliary transmission effected a change
to torque transmission through the CVT shift mechanism.
The CVT shift mechanism was designed with a large
minimum running radius of the belt on the pulleys so as to
hold down the load when transmitting large torque. This
CVHI50 can be regarded as the prototype of the concept
of having the auxiliary transmission provide a portion of
the wide ratio coverage.

The CVHI150 was mounted on the Nissan Bluebird, a
FWD model fitted with an engine that produced maximum
torque of 230 Nm at that time. Tests conducted at the
Oppama Proving Ground verified that the vehicle delivered
outstanding power performance and excellent fuel
economy. Torque capacity of 150 Nm was confirmed with
the straight belt-type CV150 and that was further raised
to 250 Nm with the development of the CVH150. The
verification of that performance created the momentum at
that time for the development of a CVT applicable to a 3.5L
engine.

An indispensable technology in JATCO's current CVT7
is the close coordination between the CVT shift control and
the auxiliary transmission shift control. Various methods
of accomplishing such coordinated control were also being
researched at the same period. For example, research was
conducted on various techniques for switching from gear
drive to CVT drive by shifting the auxiliary transmission
and conversely for changing over from CVT drive to gear
drive. Techniques were investigated for optimizing the
timing of each shift control and the shifting speed so as
to obtain the smoothest shift feel for the transmission as a
whole. A technology was also established for obtaining the
optimum shift feel by also controlling the lock-up clutch
of the torque converter in a coordinated manner depending
on the driving situation. The shift control system of the
current Jatco CVT7 inherits that concept and DNA.

3.3. Technologies of key CVT parts

Efforts were undertaken from the period of basic
research to develop various key CVT parts such as the
aforementioned belt, CVT fluid and high-pressure oil
pump. Because the belt in particular is the key element
for transmitting torque, it is critical to have a thorough
knowledge of its characteristics and to utilize them
effectively.

Fundamental research was conducted on CVT
functions during the research stage. Partly on account of

the company's policy of possessing know-how in house,
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research was also conducted on an original CVT chain
together with Tsubakimoto Chain Co. Figure 10 shows
a photo of the appearance of the original chain that was
developed. As shown in the photo, the structure of the
chain combines the good features of today's push belt and
pull chain. Today, the photo of this prototype is valuable in
relating the history of the important R&D work that was
done in the past. In researching this chain, various studies
were conducted on the features of the push belt and pull
chain with respect to power transmission characteristics
and noise, vibration and harshness (hereafter NVH)
characteristics.

The figure shows typical ideas incorporated in the chain
for reducing NVH, including the random convex radius of
contact of the locker joint pins and the one-half pitch offset
of the right and left sides of the chain. These measures
achieved a noise and vibration level equal to that of VDT's
push belt that the most advanced product at that time. The
know-how gained through the research done in those days
is continued in today's chain-drive CVTs.

Wide-ranging activities were also carried out to develop
a CVT fluid that would obtain the highest level of torque
capacity worldwide. Collaboration with the academic
community was also actively utilized. Research findings
concerning the Stribeck Curve that expresses the friction
characteristics between the CVT belt and pulleys were
exchanged with Dr. D.C. Sun, who had previously done
research on CVTs at General Motors. The knowledge
gained through such collaboration was used effectively in
developing a new CVT fluid.

Vane pumps have currently become the mainstream
high-pressure oil pumps for CVT application, but variable
displacement vane pumps were also frequently used in
the era of 4-speed automatic transmissions in the latter
half of the 1980s. Accordingly, experience and know-how
concerning vane pumps were also accumulated during
that same time. In parallel with that, many production
engineering techniques concerning the machining of
pulleys were also developed, which have been a key factor
in facilitating the transmission of large torque. This article
simply notes this fact and does not go into the details of
those techniques.

Origin of the Belt-type CVT and History of Its Evolution
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4. Conclusion and Acknowledgments

Thirty-four years have passed since the CV150 was
first created at Nissan's Central Engineering Laboratories
(currently the Nissan Research Center) in Yokosuka,
Kanagawa, in 1981. We would like to express our heartfelt
appreciation to our predecessors who launched research
on an electronically controlled CVT for small car
application at a time when manual transmissions were
still the mainstream. We also would like to express our
heartfelt appreciation to all the partner manufacturers
and internal departments involved for their tremendous
efforts in expanding CVT production. We also want to pay
our deep respect to the people who founded a metal belt
manufacturing company in Europe, birth place of CVT,
and who made repeated efforts to develop and manufacture
push belts as well as striving vigorously to popularize
CVT-equipped vehicles.
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Development of a New CVT Shift Control Matching Drivers' Sensibilities
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Summary Continuously variable transmissions (CVTs)
are evaluated highly by customers for delivering smooth
driving performance with high fuel economy. New shift
control software called “Dynamic step shift control”
(D-STEP) that provides a shift feel matching drivers'
intention have been developed recently. D-STEP was
developed to give even drivers in Europe and other markets
who are accustomed to driving vehicles with manual or
step shift automatic transmissions(hereafter AT) a more
satisfying driving experience. This article presents the
technical details of D-STEP.

1. Dynamic Performance Dt
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Fig. 1 Engine speed comparison between CVT
and AT in start-off acceleration
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1. Evolution of Dynamic Performance

1.1. Background

CVT can select the transmission ratio in a stepless
manner which help to achieve high fuel efficiency by
adjusting engine speed to optimal operate condition for the
best fuel economy during start-off acceleration, as shown,
for example, by the blue line in Fig. 1. In addition, stepless
shifting provides smooth seamless driving performance
without any fluctuation in driving force during shifting.

However, on the other hand, in situations where sporty
acceleration is required such as for passing, there are times
when customers accustomed to driving a vehicle with a
manual or AT experience a somewhat unnatural feeling
with a CVT. That happens when engine speed remain
stable during CVT shifts while vehicle speed is increasing.
Customers and auto journalists tend to make the following
comments about CVT shift behavior.
@ Disconnected feeling (rubber band feeling)
@ Unnatural engine speed
@ Noisy, droning

A common issue for improvement with regards to these
comments, is to have a shift control that establishes a linear
relationship between rising engine speed and increasing

vehicle speed. From that perspective, we have added

* Y AT AR E
System Development Office
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various controls for improving shift performance since
the 1st-generation CVT was introduced and have steadily
evolved the shift performance of our CVTs.

@ 1st-generation CVT shift control

Engine speed rose according to the depth of the

accelerator pedal press down.

There was a strong rubber band feeling with medium to

large of the accelerator pedal press down.
@ 2nd-generation CVT shift control

Adoption of linear mode

The rubber band feeling was reduced by suppressing

the engine speed rise right after medium to large of the

accelerator pedal press down, followed by the use of a

fixed ratio like that of a AT.

@ 3rd-generation CVT shift control

Adoption of new linear mode

Use of the linear mode was extended to the region of a
small accelerator pedal press down range. This control
made it possible to select a rate of engine speed rise
matching the accelerator pedal press down rate. In
addition, it also achieved an acceleration feel matching
drivers' intention.

The newly developed shift control described here is at
the leading edge of the evolution. The aim of this shift
control is to obtain the optimal shift feel matching the
driving situation. This is accomplished by combining the
CVT advantage of ratio flexibility with the linear and
stretched acceleration feeling similar as AT.

We call this new shift control software “Dynamic step
shift control” or D-STEP in short. The details of this new
shift control are described below.

1.2. Concept of D-STEP
As mentioned above, the concept of D-STEP is to combine
the following respective strengths of a CVT and AT.
@ CVT strength
Shift smoothness that only a CVT can provide
@ AT strengths
Acceleration matching the driver's intention
@ Connected feel between the engine speed and the
vehicle speed
@ Feeling of sustained acceleration(stretched acceleration)
Fig. 2 outlines the concept of this new shift control.
During normal cruising, the engine speed is maintained
in the region conducive to the best fuel economy. In
situations requiring sporty acceleration such as for passing,

the engine speed rises linearly, emphasizing the feeling
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of acceleration, and a connected feel is achieved between
the engine speed and the vehicle speed. In addition, the
CVT upshifts repeatedly in a rhythmical manner like
an AT, and the ratio change amount of of each upshift is
optimized to sustain the feeling of acceleration. Moreover,
this new control provides a level of shift smoothness that
only a CVT can deliver without any driving force loss or
fluctuation like the concern that occurs in an AT due to the
engaging/disengaging of the clutches right after the onset
of shifting.

1.3. Main technologies incorporated in D-STEP

The key technology of D-STEP control, is the system for
judging the switching of the shift control modes. Various
information inputs are used to provide the expected
driving performance matching the driver's personal driving
style and the traffic situation. An outline of the system for
judging the switching of shift control modes is shown in
Fig. 3.

Driver’s
operations
3

| Transmission Control Unit |

{ N
;l Detecting I— % Adapting F
>Driver's

Intentien

¥ Driving style

.
Y

[Basic shift map]

¥ Accelerator pedal
position

¥ Brake pedal position’

Wi

»Eco-Sports

Vehicle’s e i
status = [Linear
. L 2 z moce ol
§ e shift map]| | 2
“\: ; = *Road grade 2
- »Road ¥
v'Accaleration G curvature [Brake downshift map]
YYaw G S | [D-STEPshiftmap] |

5 S >
\ J

Fig. 3 System Outline of shift control changeover
judgment system

The switching of shift control modes is executed on
the basis of accurate detection of the vehicle's present
operating status. In addition to information on the driver's
operational inputs such as the positions of the accelerator
pedal, brake pedal and steering wheel, calculation is also
made for estimating vehicle's longitudinal acceleration,
the road grade, cornering force and other parameters. The
control system also estimates the driving condition, such as
city driving, high-speed cruising or winding road driving,
and also simultaneously detects the driver's personal
driving style. On that basis, the system switches the shift
control mode, selecting the shift control pattern that
optimally matches the driver's intention.

In addition, the threshold for switching shift control
modes can be set according to the engine displacement,

market, vehicle concept (such as sporty performance or
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not) and other factors. For example, D-STEP is designed
to be easily activated in a vehicle that cannot accelerate as
the driver wishes at a small accelerator pedal angle owing
to its small displacement engine. Or for vehicles in Europe
where drivers are accustomed to manual transmissions,
D-STEP can be activated at any time when the D Sports
Range is selected. This makes it possible to satisfy
customers who prefer sporty driving (Fig. 4).

Qashqai 14mY BES Attima 14aMmy  BES sentra 1My

1.6L Diesel 2.5L Petrol 1.8L Petrol
Previous  arp app s
CV_T_ CWT shift CWVT shift CWT shift
shifting
pattern
App APP APP
dg,‘ D-STEP D-STEP D-STEP
Latest & 1 |
oT o ' CVT shift l CVT shift | T shit
shifting = i
pattern §‘ 4pp APP ApP
2 D-STEP R D-STEP
5 .
a | cvTehin b C\hshilt
[=] Speed

Fig. 4 Operating range of D-STEP compared with
previous CVT

Fig. 5 summarizes in detail the points where the shift
feel is significantly improved by switching the shift control
mode. The red waveform in graph shows the previous CVT
shift control mode that emphasizes fuel economy. The blue
waveform in graph shows shift control that emphasizes the
feeling of acceleration, which is also a distinctive point
of D-STEP. The orange regions indicate the features of
this new shift control and represent aspects that have been
improved compared to previous CVT control. The details
of these control features are summarized below.

@ Matching the driver's intention
With an AT, the rate of change in the ratio for a
downshift is fixed. In contrast, D-STEP enables the
CVT to downshift with the optimum rate of ratio
change, matching the accelerator pedal press down
amount. This produces the optimum G matching the
driver's acceleration intention.

@ Connected feel
The use of a fixed ratio correlates the vehicle speed and
the engine speed so that they rise together linearly.

@ Smoothness
The CVT upshifts without any driving force loss
or fluctuation like what occurs with an AT due to
competition between the shift clutches. Moreover,

because the ratio change rate during upshift is
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@ Not our usual anti-CVT rant here.

@ Nissan's tried mightily to take advantage of the
CVT's improved mileage and still provide some of a
conventional automatic's preferable driving feel, using

software it calls D-STEP.

(8 : USA TODAY, December 20th 2013)

AF1)Z Auto Express it (F ¥ ¥ 274 DFHfi)
@ And it works — this is one of the nicest CVT boxes
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optimized, the reduction of driving force is suppressed.
@ Sustained acceleration feel
Acceleration (G) is sustained by using a fixed ratio.

1.4. Challenges in developing D-STEP

As explained above, the adoption of D-STEP combines
the smooth shifting of a CVT with the linear, rhythmical
acceleration of an AT. In addition the shift potential of the
CVT was maximized to allow variable optimization of the
target shift speed and optimization of the feedback control
amount (integrated gain). That makes it possible to obtain
quick upshifts like an AT and the capability of following
the ratio to the target value.

As shown in Fig. 6, another improvement obtained
with D-STEP control is that the engine speed undershoot
just after upshift is kept to a level that is imperceptible to
the driver. The figure shows experimental waveforms of
engine speed undershoot before and after improvement of

shift control.

A— Before improvement (A)
= Primary pulley speed
- —— Engine speed
"~ == Target speed

Undershoot -

= Time

After improvement (B)

= primary pulley speed
. = Engine speed
e Target speed

> Time

Fig. 6 Effect of D-STEP on improving ratio undershoot

1.5. Evaluations by auto journalists

The D-STEP shift control described here has already
been implemented on production vehicles. It has been
adopted on the Nissan Sentra, Altima and Rogue in North
America, on the Qashqai in Europe and on the X-Trail
in Japan. These vehicles have been evaluated by various
automotive magazines for providing a good feeling of
acceleration and excellent driving pleasure. Excerpts from

typical articles are cited below.

USA TODAY (evaluation of the Rogue)
@ Not our usual anti-CVT rant here.
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we've tried. It's smooth, quick to react and with the
artificial steps doing the job of eliminating the engine
whining well. In everyday driving it's a delight, and
even when pushing harder and using the gearlever to
shift manually through the fake gears, it's fun.

(M : Auto EXPESS, January 8th 2014)
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1) High Efficient Vehicles, 2nd International CTI
Symposium and Exhibition Innovative Automotive
Transmissions and Hybrid & Electric Drives September
2013, Shanghai Prof. Ferit Kiiclikay

2) Jatco technical review No.12, March 2013

3) Development of variator system on Jatco CVT8 and
CVTS8 HT, JSAE drive train symposium, Nov. 11th, 2012

4) USA TODAY, December 20th 2013

5) Auto EXPESS, January 8th 2014
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@ Nissan's tried mightily to take advantage of the
CVT's improved mileage and still provide some of a
conventional automatic's preferable driving feel, using
software it calls D-STEP.

Source: USA TODAY, December 20, 2013

U.K. Auto Express (evaluation of the Qashqai)

@ And it works — this is one of the nicest CVT boxes
we've tried. It's smooth, quick to react and with the
artificial steps doing the job of eliminating the engine
whining well. In everyday driving it's a delight, and
even when pushing harder and using the gearlever to
shift manually through the fake gears, it's fun.

Source: Auto Express, January 8, 2014

2. Conclusion

The adoption of D-STEP shift control has eliminated the
rubber band feeling that still remained with the previous new
linear control. As a result, D-STEP provides a connected feel
and a linear, rhythmical feeling of sustained acceleration.

D-STEP combines the smoothness and excellent fuel
economy of a CVT with the linear and connected driving
feel of a manual or an AT. Moreover, it provides a level
of smoothness that only a CVT can deliver, without any
driving force loss or fluctuation right after the onset of
shifting, which has been concern of ATs. As a result, this
new shift control has contributed to the engineering of
vehicles that deliver a totally new driving experience.

Based on this new D-STEP control, we intend to take
effective advantage of the ratio flexibility of CVTs to
develop innovative shift control software that impresses
drivers and inspire their emotions in all sorts of driving

situations.
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Development of New Shift Controls for Jatco CVT7's Auxiliary Transmission to obtain a Smoother Shift Feel
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Summary The Jatco CVT7 combines a belt & pulley
shift mechanism with an auxiliary transmission to achieve
wide ratio coverage for improving fuel economy when
applied to a broad range of models from minivehicles to
compact cars. Collaborative control of the belt & pulley
shift mechanism and the auxiliary transmission ensures
smooth shift performance characteristic of a CVT.
Collaborative control has continued to evolve since the
Jatco CVT7 was first introduced, and new shift controls
further has been developed to improve shift smoothness.
This article describes these newly developed shift control
features.

1. [ZC®IC

2009 4F 7 HICRIZE B % il 2. 72 8/ CVT A3
L, TOMWRLENL YA ANV Yy VR#HTHI LI
KO FEA DOFEOME: - B JPEREE KIRIZ ) L T& 7.
CHIIRIZE B EZATAHHETIREL L ->TW 525 RIZE
HHEE LD AL B HSEL e EERREE -
TWwe.

TRV RIS AR 0D 25 IR U o A 9 2 T ok P 22 8l (D
T G-drop) 1%, EIZ#EERE CVT OFEFRETHY,
Jatco CVT7 DAL E LTI NF TE L OUETI AR5
SNTE7

AT, G-drop B3 DA IZBHSE SN 7= i Frii IC
DWTHINT 5.

2. BIZEREFD

&!!.!I

a2l

B DT — NI K EL T T3 D 5.
77 VHE—E TISERICEZEE Y T 1 # 5 2
HAEHEELF— T T 78 (LT =7y 7).

1. Introduction

The new compact CVT featuring an auxiliary
transmission went into production in July 2009. The
wide ratio coverage of this new CVT has been applied
to markedly improve the fuel economy and dynamic
performance of a wide variety of new vehicles. These
improvements have been possible because the Jatco CVT7
incorporates an auxiliary transmission. However, a crucial
issue here was to obtain smoother shift performance
during auxiliary transmission shift.

The main issue of a CVT equipped with an auxiliary
transmission is the fluctuation in vehicle longitudinal
acceleration, referred to here as the G-drop, which occurs
when the auxiliary transmission shifts. We have so far
developed many new control features as improvements for
the further evolution of the Jatco CVT7.

This article describes the latest shift control technologies
we have developed to improve the G-drop.
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G-drop B ZIIRIZ #EENDATI MV 7 LRI 35 71
WCEDRED720, HERITEVEEENDATIMVY H3ied
BNV M &7 —1) — 22 ik High £HEIZ B W CHE
LHBEORTIHEZ 2 FE TSI LIZLD, G-drop Z KK
LC&7 R TIRIYY v EntgHak#Ezfadb
BHZLIZED, G-drop ZEHIMIRL, RIZEDRL—
ATA=) 7 FIEI L. WL, =Y el
TFEOFEN O W TR T 5.

3. T2 EDOTEFIE

B ] 1 0 FEE D BV R [ 24 72 0 0 ZE (B3 (LLT
&) %Al G-drop OB A& U 7o 28 M RE IR
#i% Fig. 2 \RT. AERE#REE LToZ # M HER)
1L, CVT TIZALA—RAGEREZTRENT WS,
CVT L LCOZ#EREEAE () 1%, G-drop DHZ, B
ALK BREFE LD DL LT 2.

2. Issues of Auxiliary Transmission Shift

The shifting patterns of the auxiliary transmission can
be broadly divided into three types. One is an automatic
upshift, whereby the auxiliary transmission ratio shifts
from 1st gear to 2nd gear during vehicle acceleration at
a certain constant accelerator pedal press down rate. The
other two types of shifts, mentioned next, occurs just after
accelerator pedal operation. During accelerator pedal
release, lift-foot-upshift from 1st gear to 2nd gear occurs in
auxiliary transmission, and during accelerator pedal press
down, kick-down-shift from 2nd gear to 1st gear occurs in
auxiliary transmission.

Among these three patterns, this article describes in
detail the control we developed for the automatic upshift.
An automatic upshift occurs in situations where the
clutches in the auxiliary transmission are automatically
changed without the driver operating the accelerator
pedal. Therefore, it was necessary to ensure smooth shift
performance identical to that of the CVT.

Fig. 1 shows a time chart of an automatic upshift by the
auxiliary transmission. It is seen that the change in vehicle
longitudinal acceleration takes the form of a V-shaped
G-drop. This is due to the engagement and disengagement
of shift clutches during shift from 1st to 2nd gear in the
torque phase and the collaborative control of belt & pulley
shift control with auxiliary transmission shift control in
the inertia phase.

The rate of change in the G-drop is determined by the
torque input to the auxiliary transmission and the gear
ratio difference between 1st to 2nd gear of the auxiliary
transmission. Previously, the G-drop was reduced by changing
the clutches of the auxiliary transmission near the highest
belt & pulley ratio where the input torque to the auxiliary
transmission is the lowest. The aim of this development
work was to reduce the G-drop further in combination
with collaborative control with the engine and thereby
improve the smooth shift feel of the auxiliary transmission.
In the following sections the collaborative control of the

transmission and engine are described in detail.

3. Collaborative Control with the Engine

Fig. 2 compares the sensitivity of shift performance
to the rate of change/time (hereafter slope) in vehicle
longitudinal acceleration on the vertical axis and the rate

of change in the G-drop on the horizontal axis. The shift
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performance target of a CVT (blue line) is more severe
than that of a stepped transmission (red line) because it
is required to shift more smoothly than the latter. Both
the G-drop slope and rate of change in the G-drop are set
lower for a CVT.

In order to obtain the same smooth shift feel with the
auxiliary transmission as that of the CVT, we adopted a
collaborative control system for reducing engine torque
for the purpose of improving the G-drop slope. This
system combines the collaborative engine control of a
conventional stepped transmission with a belt & pulley
shift control. In addition, we adopted a collaborative
control system for increasing engine torque as a measure
for improving the rate of change in the G-drop. The details

of each collaborative control feature are explained below.

3.1. Collaborative control by reducing engine torque

This collaborative control coordinates a reduction of
engine torque in the first half (preparation phase & torque
phase) and in the second half (inertia phase and finish
phase) of an auxiliary transmission shift to moderate the
G-drop slope. Figure 3 shows the effect of the collaborative
control for reducing engine torque, where the dashed and
solid lines are the results obtained without and with the

system, respectively.
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Fig. 3 Collaborative control for engine torque reduction

B2 STl 7 = — X TV 2 7 v 2B S
AHZLIZXY, ERMVY 72— THEAEL TV G-drop
DFEEAXZBRLNICTHIENTESL, TRIZEERE
FAZBWTHREBRIZ, /=% T7=—ATMNIF I %
EBh S5 LICED, £ F =% T2—XTD G-drop D
FRMEE R PICTHIENTES.

G-drop DHHZZFECPICT AR TFEELT, FIZH
DE RN Z R {THIEOMAT LS BIEMIE) &

1231

In the preparation phase of the first half of an auxiliary
transmission shift, reducing the engine torque works to
moderate the downward slope of the G-drop that occurred
previously in the torque phase. Similarly, reducing the
engine torque as well in the inertia phase of the second
half of an auxiliary transmission shift moderates the rising
slope of the G-drop in inertia phase.

As another method of moderating the G-drop slope, we

also investigated the idea of lengthening the shift duration

Development of New Shift Controls for Jatco CVT7's Auxiliary Transmission to obtain a Smoother Shift Feel
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of the auxiliary transmission. However, we concluded that
it was not a suitable approach owing to the deterioration of
fuel economy due to the increased slipping of the friction
materials and the fact that it might lead to a degradation
of driveability if the driver operated the accelerator pedal
while the auxiliary transmission is shifting, among other
reasons. The adoption of collaborative control with the
engine resulted in improved performance without changing
the shift duration.

3.2. Collaborative control by increasing engine torque
This collaborative control requests an increase in engine

torque concurrent with the G-drop that occurs in the torque
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Fig. 4 Collaborative control for engine torque increase
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phase and the inertia phase, thereby reducing the rate of
change in the G-drop. Fig. 4 compares the results with (solid
line) and without (dashed line) this collaborative control.

Engine torque is increased in certain amount that
provides a suitable rate of change so that the driver does
not perceive the G-drop. The amount of increase in engine
torque was optimized under a variety of driving conditions
because there was concern that too large engine-torque-up
would produce surplus driving force which would lead to
unnatural acceleration feeling as if somebody is pushing
from behind.

3.3. Selection of torque down collaborative control or
torque up collaborative control

The collaborative controls for reducing and increasing
engine torque are used selectively according to the driving
situation. The collaborative control for reducing engine
torque is activated in the region of a large accelerator
pedal press down rate because the amount the torque
can be increased is limited. The collaborative control for
increasing engine torque is activated in the region of a

small accelerator pedal press down rate.
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4. Optimized Combination of D-STEP and Auxiliary
Transmission Shift Control

In recent years there has been increasing use of
shift controls like the Dynamic Step Shift (D-STEP)
described by Nonomura and Oota in their article in this
special feature. This section describes an example of
an improvement made to D-STEP for the Jatco CVT7
incorporating an auxiliary transmission.

The previous D-STEP shift control caused the engine
speed to change by upshifting belt & pulley ratio. After
upshifting to that belt & pulley ratio, if the auxiliary
transmission shifted from 1st to 2nd gear, the change in
vehicle longitudinal acceleration induced by D-STEP and
the G-drop due to the shifting of the auxiliary transmission
occurred in succession (Fig. 5).

To prevent that consecutive change in vehicle
longitudinal acceleration and improve the shift feel, we
developed a collaborative control for the shift timing of
D-STEP shift and the auxiliary transmission shift (Fig. 6).
In cases where the change in the engine speed for causing
the auxiliary transmission to upshift from Ist to 2nd gear
is larger than the change required for a D-STEP shift, a
suitable downshift is executed in collaboration with the
belt and pulley system. As a result, that obtains an engine
speed harmonized with the targeted engine speed for a
D-STEP shift and it also works to prevent consecutive
changes in vehicle longitudinal acceleration. This control is
based on the new idea that one of the rhythmical D-STEP
shifts can be executed by auxiliary transmission.

Development of New Shift Controls for Jatco CVT7's Auxiliary Transmission to obtain a Smoother Shift Feel
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5. Conclusion

The adoption of engine torque collaborative control and
collaborative control for harmonizing the shift timing with
D-STEP has improved the smooth shift feel of auxiliary
transmission, which is contributing to improve vehicle
performance.

We would like to thank the related departments at
Nissan Motor Co., Ltd. and those within JATCO for their
tremendous cooperation for development of these new shift
control.

Presently, we are making further development of
collaborative control not only with the engine but also with
all vehicle systems, so as to contribute to the development
of vehicles matching to customers' driving intention.

We will continue to devote utmost efforts for further
evolution of Jatco CVT.

Masashi SUWABE

Yuji OKAMOTO
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Summary Jatco CVT7 (hereafter CVT7) with
an auxiliary transmission designed for minivehicles,
effectively expand fuel cut-off region during deceleration
to the low vehicle speed range utilizing its ratio flexibility.
The fuel cut-off region has now been expanded further in
combination with start-stop technology during deceleration.
This article describes the key CVT technologies that have
contributed greatly to further expanding the fuel cut-off
region in conjunction with the latest start-stop system that

is activated during vehicle deceleration.
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1. Introduction

The use of start-stop systems has increased rapidly in
recent years especially on minivehicles owing to their
recognized large effect on reducing CO, emissions. The
latest version of this technology stops the engine even
before the vehicle completely stop. The application of this
newest system expands fuel cut-off duration during vehicle
deceleration.

For the CVT7, we developed a start-stop system with
high value in terms of cost performance by eliminating
dedicated parts of the system, thereby giving it strong
competitiveness. This article describes the key CVT
technologies that contribute to the further evolution of
start-stop technology and suppress the associated cost

increase.
2. Scope of Development
2.1. Fuel economy improvement by actuating start-stop

system during deceleration

Fuel cut-off technology that stops fuel injection into the
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engine by directly engaging the lock-up (hereafter LU)
clutch in the torque converter during vehicle deceleration
is a traditional technique for improving fuel economy.
Because of their ratio flexibility, CVTs enable the fuel cut-
off region to be expanded to even lower vehicle speeds
than stepped automatic transmissions. In addition, the
start-stop system cuts the fuel supply after the vehicle
comes to a stop.

However, in the interval from the end of fuel cut-off by
LU clutch engagement to the onset of fuel cut-off again by
the start-stop system, fuel is consumed by engine idling
while vehicle decelerates till stop. To reduce this fuel
consumption due to idling, we set out to develop a start-
stop system to be utilized during vehicle deceleration (Fig.

0.

2.2. Improvement of competitiveness by suppressing cost
increase

The principal issue for stop-start technology while
the vehicle is stationary or decelerating is to improve re-
launching or re-acceleration response after the engine is
restarted. Specifically, the main issues for the powertrain
are to achieve quicker engine restart and to ensure the
responsiveness of the transmission for transmitting driving
force to vehicle.

An electric-driven oil pump was initially adopted for the
CVTT7 to resolve the issue of ensuring sufficient pressure
for transmitting driving force at the time the engine is
restarted. However, on the down side, it led to increased
cost. Therefore, we developed technologies for the CVT7
to satisfy the required response for transmitting driving
force, while suppressing the cost increase by eliminating
the electric-driven oil pump, thereby achieving high

competitiveness.

3. CVT Technologies contributing to Start-stop System

Evolution

The CVT must satisfy the following two conditions to
make the start-stop system during deceleration.
(1) To ensure that the pulley ratio is at the lowest value
before the engine stops.
(2) To prevent belt slippage during deceleration while the
engine is stopped.
Above two conditions have been achieved for CVT7 by
adopting the following measures.
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3.1. Assurance of lowest pulley ratio before engine stops

In order to execute a start-stop event during deceleration,
the pulley ratio must be shifted to the lowest level from
the standpoint for ensuring sufficient driving force.
The transmission must shift to LOW before LU clutch
disengagement in order to continue fuel cut-off even after
LU clutch is disengaged.

As shown in Fig. 2, by decelerating the vehicle in
the 2nd gear of the CVT7's auxiliary transmission, the
necessary conditions can be satisfied by shifting to the
lowest pulley ratio before the LU clutch is disengaged,
without causing any uncomfortable deceleration feel even

if engine braking torque is being applied.

3.2. Prevention of belt slippage during deceleration with
the engine off

Belt clamping force is low during start-stop system
operation while decelerating. Therefore, belt slippage may
occur if the driver depresses the brake pedal deeper to
decelerate the vehicle more rapidly.

As shown in Fig. 3, this requirement is satisfied by using
the clutch in the auxiliary transmission installed at the rear
of the pulley shaft to cut the input of deceleration torque to
the belt.

For example, in the case of start-stop system with
electric-driven oil pump, a fuse-like function is obtained
by optimizing the clutch engagement torque capacity. On
the other hand, in the case of start-stop system without
electric-driven oil pump, a neutral state is created to cut
the input of deceleration torque. In either case, it is possible

to prevent belt slippage.

Steel belt

Auxiliary gear clutch

Fig. 3 Layout of CVT7
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Fig. 4 Cross section of CVT7
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These measures utilize the structural advantages of
the CVT7 to satisfy the operating requirements. As
a result, JATCO has successfully advanced start-stop
technology ahead of other companies to create a system
that completely eliminate fuel consumption due to engine

idling during deceleration.

4. Overview of CVT System without Electric-driven Oil
Pump

Vehicles fitted with start-stop technology are extremely
important for reducing CO, emissions. Therefore, it
is essential to provide customers with a system at a
reasonable cost conducive to promote it in market.

For the CVT7 we modified the pulley pressure seals
and the hardware structure of lubrication-related parts and
also developed a clutch engagement control, among other
improvements, to make this model viable in terms of cost,

fuel economy and driveability.

4.1. System issues caused by elimination of electric-driven
oil pump

The following two points can be cited as examples of
issues that would occur in the system if the electric-driven
oil pump were eliminated.

(D) Line pressure increase response assurance

(2) Clutch engagement assurance

First, we will explain the mechanism causing a delay in
the line pressure increase response.

After the engine stops, the supply of oil by the oil pump
would also stop. Consequently, the oil collected in the
pulley hydraulic chamber provided on the upper section
of CVT would drain down into the oil pan due to its own
weight (hereafter oil draining). Since that would empty
the pulley hydraulic chamber, it would take time for the
oil supplied from oil pump, to fill the empty volume of the
chamber after engine is restarted. That would delay the
increase of line pressure. This is the mechanism causing
the response delay, and preventing this delay is an issue
that we had to address (Fig. 4).

On the other hand, the issue of assuring clutch
engagement is one that occurs due to the degrading of
response caused by the fact that clutch engagement begins
after the line pressure rises following engine restart.

These system issues were resolved by addressing them
in terms of both hardware and software aspects, the details

of which are explained below.
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4.2. Resolution by hardware
4.2.1. Oil draining countermeasure by changing the seal
structure

The fundamental cause of oil draining was confirmed
to be the drawing in of air (i.e., air incursion) at and
around the clearance of the oil seal and the oil guide seal.
We decided to resolve this issue by putting emphasis on
thoroughly eliminating this air incursion.

First, to prevent air incursion from the pulley seal,
we adopted a rubber D-ring to improve resistance to air
incursion. Fig. 5 shows the results of an analysis using
the finite element method (FEM) to examine various
specifications by calculating the resultant stress and the
amount the rubber seal protruded when subjected to
pressure. In this way, the optimal specifications were
found.

We then proceeded with a measure to prevent air
incursion from the oil guide seal. It is difficult to adopt
a hermetic rubber seal at this location because the seal
rotates under sliding contact. Therefore, it was necessary
to prevent air incursion at the clearance of seal ends and

clearance on outer side of seal (Fig. 6).

Oil guide seal
(Side view)

Cylinder

Fig. 6 Visualization experiment of air incursion

Computational fluid dynamics (CFD) was used to
conduct a mixed-phase flow analysis in order to ascertain
the viscosity, surface tension, wettability and other
properties. The optimal width of the circumferential
clearance was then designed by making a comparison with

the results of a visualization experiment (Fig. 7).

4.2.2. Assurance of bearing lubrication performance
Previously, the clearance of the oil guide seal was
intentionally designed to allow oil to leak in order to
forcibly lubricate the pulley bearings. However, the
narrowed clearance width of the oil guide seal described
in the preceding section may raise issue of side effect of

insufficient supply of oil for bearing lubrication.
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Therefore, as a measure for supplying lubrication
oil to the pulley bearings, we added a forced lubrication
oil passage for stably supplying lubrication oil from an
independent hydraulic circuit. This forced lubrication oil
passage was structured as a circuit that branches from
the belt lubrication oil passage. Accordingly, except for
the side cover to which the hydraulic circuit was added,
all the other parts were used as they were without any
specification changes (Fig. 8).

As explained here, only the minimum necessary changes
were made in constructing the CVT system without an

electric-driven oil pump.

4.3. Resolution by software
4.3.1. Improvement of driveability during clutch
engagement

When the stop-start system is activated during vehicle
deceleration, the clutch input shaft also stops rotating when
the engine stops, but the clutch output shaft continues to
rotate at a speed in proportion to the vehicle speed.

The clutch engagement timing becomes an issue when
the engine is restarted during start-stop system operation
while decelerating. If the clutch is engaged right after the
engine is restarted, the large difference in rotational speed
between the clutch input and output shafts would cause the
driving force to fluctuate on the deceleration side (Fig. 9).
Conversely, if the clutch input shaft is rotating too fast, it
would cause the driving force to fluctuate on the drive side.
Moreover, even if the clutch engagement timing is set so as
to inhibit these fluctuations, there will be a long interval
before the driving force for re-acceleration is generated
owing to the clutch engagement lag. The issue in all of
these cases is that the driver would receive an unpleasant
impression.

Adaptive learning control was adopted for clutch
engagement in order to satisfactorily resolve the trade-
off between driving force fluctuation and the clutch
engagement lag at the time of re-acceleration. Using
information on vehicle deceleration and other conditions,
adaptive learning control optimizes the condition for
allowing start-stop system activation, optimizes the clutch
capacity, and enables swift operation until the clutch
completes its stroke. As a result of adopting this control,
excellent performance is obtained at all vehicle speeds as

shown in Fig. 10.
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Fig. 10 Effect of adaptive learning control for
clutch engagement

4.3.2. Prevention of belt slippage at engine restart

The torque transmitted by the belt during clutch
engagement after engine restart is determined by the CVT
input torque and the torque transmitted by the clutch. An
issue that occurs at that time is the relationship between
the available belt torque capacity, which is determined by
the belt clamping pressure, and the magnitude of the torque
to be transmitted by the belt. In this regard, it is necessary
to prevent belt slippage.

However, some time is needed right after engine restart
before the relatively high pressure necessary for producing
the belt clamping pressure can be obtained. That makes it
difficult to stably control the belt clamping pressure.

Therefore, we decided to hold down the torque level
transmitted through the belt by controlling the clutch
pressure, which can be accomplished with a relatively
low line pressure. Specifically, the constantly varying belt
torque capacity is calculated based on the torque signal
and rotational speed of CVT input shaft, the line pressure
sensor value, oil temperature and other information. The
torque transmission capacity of the clutch is controlled
using a clutch pressure solenoid, which makes it possible
to prevent belt slippage by holding the torque level
transmitted by the belt. This is based on the concept of
controlling the clutch like a fuse as shown in Fig. 11.

5. Conclusion

The structural advantages of the CVT7 were utilized to
the maximum extent in constructing the system described
here. That made it possible to evolve start-stop technology
further for activation during vehicle deceleration, which
JATCO has accomplished ahead of other manufacturers.

This system completely eliminates fuel consumption due

CVT Technologies contributing to Start-stop System Evolution
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Fig. 11 Concept of fuse-like clutch control
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to engine idling during vehicle deceleration.

The mechanisms involved in this start-stop system were
revealed through visualization experiments and other
means. Based on that knowledge, a simulation analysis
was used to improve the seal design. That achievement
was also greatly effective in shortening the product
development lead time, enabling us to supply the CVT7 to
our customers more quickly.

Finally, the authors would like to thank everyone in
related departments inside and outside the company for

their support.
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Summary The automotive industry is devoting
concerted efforts to developing environmental technologies
for improving vehicle fuel economy in order to contribute
to the preservation of the global environment. JATCO
early on focused attention on steel-belt CVTs as a leading
environmental technology and developed a full CVT
lineup ahead of other manufacturers. JATCO's CVTs
will continue to evolve toward lower friction levels in the

pursuit of higher fuel economy in the coming years.
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1. Introduction

For the purpose of maintaining fuel economy
superiority of CVTs, JATCO has emphasized the
importance of enhancing efficiency, i.e., reducing friction,
in addition to further improving ratio flexibility, which is
a major advantage of CVTs. This development approach
created the Jatco CVT8 (hereafter CVTS8) that went into
production in February 2012. As shown in Fig. 1, the
CVTS has notably higher efficiency than previous CVTs
and surpasses the transmissions of other manufacturers
in terms of fuel economy. As the arrow in the figure
indicates, the reduction of friction contributed greatly to
improve efficiency.

This article describes the technologies adopted till now
to reduce friction and presents JATCO's focal points and
improvement technologies for reducing friction further.

2. History of CVT Friction Reduction

At a CVT seminar held in Berlin in December 2013,
Professor Ferit Kucukay" presented his research results
that showed CVTs are well-suited to drive with optimal
fuel economy by taking advantage of their excellent
ratio flexibility. On the other hand, he evaluated power
transmission efficiency at around 80% on average under

the New European Driving Cycle (NEDC). However, for
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the CVTS, we thoroughly analyzed the various factors
causing low transmission efficiency (Fig. 2). As a result of
reducing the friction caused by each of these factors, we
succeeded in raising the efficiency of the CVTS8 to nearly
85%? (Fig. 3).

TM efficiency — Torque loss Reducing fluid churning
Reducing drag of
disengaged elements
Reducing loss of
transmission system
Reducing bearing loss
Reducing drag of

seal rings, etc.

Oil pump driving — Reducing oil pump
forque driving torque

Mechanical loss
(Friction loss)

efficiency performance

'— Slippage loss— Torque Eonverter—|: Improving hydraulic
Expanding lock-up range

Fig. 2 Transmission efficiency factors

For the CVTS, we primarily reduced mechanical losses,
including reducing the oil pump drive torque, transmission
loss in the shift mechanism and fluid churning resistance,
among other things.”” The main technologies adopted for
reducing friction are noted below and are shown in Fig. 4.
@ Reduction of oil pump drive torque

Optimizing the oil pump size

Reducing fluid leakage

Reducing the line pressure by optimizing the pulley

pressure
@ Reduction of transmission loss in shift mechanism

Development of a new push-type belt

Development of a new chain belt
@ Reduction of fluid churning resistance

Reduction of fluid level (by improving the pulley layout)

Improvement of baffle plate shape

Development of a low-viscosity fluid

Jatco continuously challenges to reduce friction levels
further. Specifically, we are working on reducing oil pump
friction that accounts for a large proportion of the overall
friction. The following section describes our approaches to
reduce friction levels.
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3. Focal Points for Further Friction Reduction

3.1. Relationship between oil pump discharge rate and
energy consumption
Fig. 5 shows a breakdown of the oil pump discharge rate.
It consists of the flow needed to engage the clutches, the
flow needed to produce the pulley clamping pressure, the
flow of lubricating oil for cooling, the draining and leaking
of fluid from the control valve, and various other factors
due to parts variability.
As shown in Fig. 6, oil pump drive torque increases
along with discharge rate, resulting in greater energy
consumption. Accordingly, reduction of discharge rate is

effective in lowering the amount of energy consumption.

Energy loss at OF

Oil pump output flow [L'min]

Fig. 6 Relation between discharge flow
and energy loss of oil pump

3.2. Method of setting the oil pump's specific discharge rate

It was noted above that the key to reduce energy
consumption is to lower the discharge rate of the oil pump.
However, the crucial point of CVT control is to control shifting
by supplying and draining the fluid for sliding the movable

Challenge to Further Reduce CVT Friction
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pulley, while transferring torque by clamping the belt. For that
purpose, the necessary and sufficient pressure and flow rate
must be supplied to ensure the torque capacity required of
the belt in a variety of driving situations as shown in Fig.
7. To accomplish that, the specific discharge rate of the oil
pump is determined so as to satisfy the most severe flow rate
that must be supplied among these various driving situations.

However, setting the specific discharge rate of the oil
pump to match the largest required flow rate results in a
surplus flow rate above the necessary level under ordinary
driving conditions while the load is relatively low. That
means more energy is required then actual necessary
energy for oil pump operation.

Fig. 8 shows one example of the difference in the
required flow rate between a power-on downshift and
steady-speed driving. As indicated in the figure, the flow
rate exceeding the necessary level for steady-speed driving
becomes surplus flow.

This suggests the potential for reducing energy
consumption by the oil pump. In other words, by supplying
just the minimum necessary pressure and flow rate needed
to match what the driving situation demands, energy
consumption by the oil pump can be reduced without

affecting driveability.
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s
= Mecess
(4]
E Actual suppliedflow Surplusﬂuwr tio
g |
E_ i Surplus flow Shifting flow Luburicating flow
E| ¥
3
O
B .

Time

Fig. 8 Necessary & actual supplied oil pump output flow
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3.3. Focal point for reducing oil pump's flow rate

The following discussion describes techniques for
reducing energy losses by the oil pump operation while
maintaining the optimal necessary pressure and flow rate

required by oil pump in each driving situation.

(1) Potential for reducing the minimum line pressure
setting

In the history of CVT evolution, we have reduced the
necessary pressure and flow rate by optimizing the pulley
clamping pressure, among other measures. However, the
line pressure, which is the discharge pressure of the oil
pump, has generally been set at the minimum necessary
level. The minimum line pressure has been discharged
even in driving situations when sufficient torque capacity
could be secured with pulley clamping pressure lower
than the minimum line pressure. That has resulted in
surplus pressure and flow rate, which is more that actually
required. Surplus line pressure has often been used,
especially in driving situations with a relatively low load
such as in steady-speed driving at low vehicle speeds. That
means the oil pump consumes more energy than what is
really necessary, which is a factor that increases friction.

Fig. 9 shows the change in the oil pump discharge
pressure in a typical driving situation under the NEDC
mode. As shown in the figure, there is a duration, indicated
by solid yellow line, when the oil pump discharge pressure
is controlled so as not to drop below the minimum line
pressure even though a lower pressure could be used. The
minimum line pressure is thus another focal point for

improvement.

(2) Potential for reducing the necessary flow rate

The required oil pump discharge rate is at a low level
in driving situations with a low steady vehicle speed or
a relatively low load. A large discharge rate is required
under transient conditions such as when rapid shifting
is demanded. Fig. 10 summarizes the required oil pump
discharge rate in various driving situations. As seen in
the figure, the necessary discharge rate varies in various
driving situation. This suggests that it is possible to reduce
friction further by configuring an on-demand system that
varies the oil pump discharge rate to match these various
driving situations. We are now proceeding with further
developing work, taking that potential as the second focal

point for improvement.

Challenge to Further Reduce CVT Friction
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4. Adoption of Friction Reduction Technologies based on

Foregoing Focal Points

(1) Reduction of minimum line pressure setting
Previously, efforts to reduce the line pressure further
resulted in expansion of the range of minimum and
maximum pressures, which caused various issues. These
included the assurance of controllability, the impact on
thermal and lubrication performance due to the reduced
flow rate for cooling and lubrication, and insufficient
torque capacity of the clutches. To address these issues,
we changed the hydraulic pressure control valve from one
with fixed pressure characteristics to one with variable
characteristics. This control valve can be applied to a wider
pressure range. The line pressure command value was
also set by taking into account the clutch torque capacity
and the flow rate needed for cooling and lubrication. As
a result, the minimum line pressure was reduced and the
lower pressure level was applied to the Jatco CVT7, our

latest model.

(2) On-demand control of lubricating oil flow rate

The Jatco CVT8 Hybrid adopts an electric-driven oil
pump. This created an on-demand system for controlling
the lubricating oil flow rate(4) as shown in Fig. 11. This
system ensures supply of the necessary and sufficient
lubricating oil flow in driving situations where the clutches
generate large amount of heat. A lower lubricating oil flow
rate is supplied in driving situations where less amount of

heat is generated.

Coolingoil tube

Electric—drive nail pump
for cooling

Fig. 11 On-demand control system for cooling
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5. Conclusion

With the aim of improving vehicle fuel economy, JATCO
has so far primarily implemented measures to reduce
the mechanical losses of hardware parts. To reduce CO,
emissions further, we have been working on reduction of parts
friction , focusing on components of the transmission system
where, there is still room for reducing losses. One focal point
in particular is to reduce the energy consumed by the oil
pump. We have steadily taken steps toward that end such as
by reducing the minimum line pressure and adopting an on-
demand flow rate system using an electric-driven oil pump.

Our challenge to reduce CVT friction further for improving
vehicle fuel economy is still being pursued today.
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Summary A new 28-mm steel belt was developed
for the Jatco CVTS to obtain higher efficiency, smaller
size and lighter weight. This new belt was planned by
JATCO and developed jointly with Bosch Transmission
Technology B.V.( hereafter Bosch) , and it incorporates a
wide variety of newly developed technologies. This article
describes about world first 28-mm width belt, which has
been developed nearly 20 years after first adoption of CVT
on Nissan vehicle in 1997.
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1. Introduction

The Jatco CVTS (hereafter CVT8) went into production
in 2012. This CVT for use on front-wheel-drive vehicles
was developed around the three concepts noted below.
Two previous CVT models were unified into one model
for use on 2.0L to 3.5L class vehicles, thereby covering
a wide range of vehicle application. Simultaneously, a
thoroughgoing review was made of the component parts to
improve fuel economy substantially.

(1) To obtain both high fuel economy and excellent power
performance by expanding ratio coverage

(2) To improve fuel economy by reducing friction

(3) Common use of CVT for 2.0-3.5L class front-wheel-
drive vehicles by downsizing

This paper describes the technologies incorporated in
the new 28-mm steel belt that was planned and developed
for application to the CVTS. This new belt has contributed
significantly to improving the performance of the CVTS,
including obtaining higher fuel economy (i.e., higher
efficiency) and greater power performance, as well as
helping to downsize CVT.

An outline of the new belt is shown in Fig. 1.
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Fig. I New 28-mm belt

2. N)VEFEDIAN

AW CVT8 IZHE R I N2~V M, [10 4EETHEE
DB BNV 2SS Z2are 7 M, koL
MZHLTO»6GDM EEZHIEL:. £ EhoEHE
122\ C [Goal Unlimited (HIBRDZe vy, @ HEEA#) |
ZHIBLTHRA)L o HEEfEZ g L7z,

ORI
@@y PERER
B/NEL
O el
®EREYER |
CNOHERFEHTHEIHFEL72TA T L% Table 1127777,

3. FANIL DR

FREETREREIE, EREMICEB T AW L7
28mm L THY, TV AV MEXFML 27D, WD
RELETHIEICKY, HREL ALY Y (LT
R/C) DILKEM $5Z LM FEE o7z,

T/, mEMEN EEEEYEN LM oW Tid
B8/ 8— 1 F—?D Bosch L2 S|P LiFEDOIR_E T =TT
R A ATE.

4. IMRARABTDEN

BA%sa 7 NCH HHE S HHOHEEZ EH 5720
WHU A TZEATBAFE DN & BT 5.

4.1. EEL

BER A EORY MA L LTIV M 7Y 7 v a AR
WE, ST —hLA Rk LTORIEN L0725
High L ¥4+ %82 High IR L 722 & TH 5.

2. Development Aim for New Belt

The concept of the new belt adopted for the CVTS8
was “to provide a belt that will still be competitive even
ten years from now.” The aim was to improve the five
attributes below in comparison with the previous belt. High
performance targets were determined for the following
attributes of the new steel belt in line with the concept of
“Goal Unlimited” for each item.

(1) Higher efficiency

(2) Improved power performance

(3) Smaller size

(4) Improvement of reliability

(5) Improvement of productivity

New belt development items for attaining these targets are
listed in Table 1.

Table 1 Measures developed for new belt

| Target Item

Smaller belt running radius
Efficiency for extended high ratio
improvement |Belt internal friction reduction
Element thickness optimization
Element stiffness optimization
Driving Smaller belt running radius
performance |[for extended low ratio

Element thickness optimization
Downsizing |Smaller element width
Durability New ring material

New heat treatment process
New deburring process

Productivity

3. Features of New Belt

One notable feature is the 28-mm element width
designed to contribute to reducing the overall length of the
CVT. Optimizing the belt stiffness made it possible both
to increase the torque capacity and to expand the ratio
coverage (hereafter R/C) while shortening the element
width.

From our development partner, Bosch, we received
suggestions for the advanced manufacturing methods that
were incorporated into the planning for improving both
productivity and reliability.

4. Details of Newly Developed Technologies

This section explains the technologies that were
developed to attain the targets of the five items of the
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development concept mentioned in the preceding section.

4.1. Higher efficiency

One effort made to improve efficiency was to reduce the
internal friction of the belt. Another effort was to extend
the highest ratio further to High side for improving the
overall efficiency of the powertrain.

4.1.1. Reduction of internal belt friction

Friction between rings was reduced so as to lower
the internal friction of the belt. Specifically, the relative
movement between the elements and the rings was reduced
by optimizing the element geometry. In addition, the
contact area between the rings was reduced by shortening
the ring width.

Fig. 2 compares the efficiency obtained with the
previous belt and the new belt.

4.1.2. Extension of highest ratio

Lowering the engine speed during high-speed driving
is effective in improving the overall efficiency of the
powertrain. Specifically, the smallest running radius of
the belt was narrowed to extend the highest ratio further
to High side, contributing in reduction of engine speed.
However, reducing the smallest running radius of the belt
excessively would create a state where interference would
occur between the elements on their inner periphery,
making it impossible to transmit driving force. To avoid
this situation, the element geometry was optimized so as
to maintain sufficient clearance as shown in Fig. 3. As a
result, the highest ratio was extended from 0.393 to 0.378.

4.2. Improvement of power performance
The efforts were made to improve power performance to
extend the lowest ratio and to increase the rotational speed

in order to enhance start-off acceleration performance.

4.2.1. Extension of the lowest ratio

Extending the lowest ratio further to Low side so as
to increase the driving force is effective in enhancing
the start-off acceleration performance of the vehicle.
Specifically, the lowest ratio was extended from 2.394 to

2.631, thereby improving power performance.

4.2.2. Higher rotational speed
Optimizing the element geometry made it possible to

secure sufficient stiffness against the centrifugal force that
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occurs at high rotational speeds. The new belt expands the
usable range of the primary pulley to a rotational speed
of 7,000 rpm, whereas that of the previous belt was 6,250
rpm. An outline of the expansion of the usable range is
shown in Fig 4.

Low ratio High ratio

>E R/C 7.0 (17% wider
RSNG| -
EE
= g R/C 6.0
o
g et B New belt
& g B : Previous belt

Vehicle speed [km/h]

Fig. 4 Improvement of belt usage range

4.3. Downsizing

Trying to expand the ratio coverage would enlarge the
unit layout compared with the existing model. There was
concern that might compromise the marketability of the
product. It was necessary to absorb the increased pulley
travel due to the expanded ratio coverage in order to make
the CVT viable within the existing layout. To absorb the
increased pulley travel, the element width was shortened to

28 mm as shown in Fig. 5.

4.4. Improvement of reliability

Reducing the element width to 28 mm also narrowed
the ring width. This might have caused issue that increased
stress in the rings might has shorten the belt's operating
life. The adoption of a new ring material secured better
reliability than before. That made it possible to expand
the ratio coverage within the existing layout and with the
same overall length. The chemical composition of the new
ring material that contributed to downsizing and improved

reliability is shown in Table 2.

Table 2 Chemical composition (mass %)

Ni Co | Mo | Ti
Previous| 1801 90 | 50 | 0.5
New |180 (1651 5.0 -
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The previous ring material was mixed with titanium
(hereafter Ti), which produced titanium nitride (hereafter
TiN) and its inclusion acted as a source of fatigue. The new
ring material has a higher mixture ratio of cobalt (Co) that
makes it unnecessary to mix Ti, thereby eliminating the
generation of TiN. As a result, the lifetime of the new rings
has been improved by approximately four-fold as shown in
Fig. 6.

4.5. Improvement of productivity

For the purpose of improving the productivity of the
new 28-mm belt, two advanced manufacturing methods
were developed according to suggestions received from
Bosch, our development partner.

(1) To conduct heat treatment on an assembled stack
of multiple rings. Previously, each ring was heat-treated
individually.

(2) To eliminate burrs by melting the ring ends with a
laser. Previously, burrs were removed in a barrel polishing
process using tumbling stones.

Fig. 7 shows an outline of the new ring manufacturing
process. A list was drawn up of the technical issues
involved in the new manufacturing process and progress
was made in addressing them. Process and parts variation
was thoroughly ascertained, and parameters for process

control were designed and developed together with Bosch.

Previous

New

Heat

Single ring

One by one
treatment |~ D
for ring v

Assembled rings

Heat treatment S
(‘, after assembling

Deburring
of ring
edge
burrs

Stone tumbling

Laser edge melting

Laser

Ring
edge
shape

Fig. 7 New ring manufacturing process
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5. Conclusion

The new steel belt adopted for CVT8 was the first one
for which JATCO was involved from the initial planning
stage through final development. This belt was developed
around the concept of “providing a belt that will still be
competitive even ten years from now” and the aim was to
attain high performance targets in line with the concept
of “Goal Unlimited.” This new belt has contributed
significantly to higher fuel economy (i.e., higher
efficiency), improved power performance and downsizing.

In addition, vigorous efforts were made to attain high
targets set for improvement of reliability and productivity.
While there were many issues to be tackled, the high
performance targets were attained by optimizing the
element geometry, adopting a new ring material and
developing a advanced ring manufacturing process.

Finally, the authors would like to thank Bosch
Transmission B.V. and everyone concerned for their
tremendous cooperation with the development of this new
steel belt.
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Development of a Lubrication System for Improving the Cooling Performance of a Wet Start-off Clutch for a Hybrid Vehicle CVT
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Summary Cooling control by means of an electric oil
pump, a new start-off control and a temperature prediction
technique were incorporated into the development of the
start-off clutch, denoted as clutch-2 (hereafter CL2), of a
CVT for use on hybrid vehicles. Those technologies were
described in last year's JATCO Technical Review No. 13 in
an article entitled “Development of the Start-off Element
for FWD Hybrid Vehicles.”

However, market requirements for the CL2 have
continued to become more rigorous, thus further evolution
of the clutch is required and to develop a new control for
vehicle launch when the clutch generates large amount of
heat has become necessary.

This article describes a new lubrication system that has
been developed to improve CL2 cooling performance in

order to meet the higher market requirements.
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Fig. 1 Hybrid system architecture

1. Introduction

The CL2 start-off clutch of the CVT for hybrid
vehicles is controlled to slip with required amount of
slippage during vehicle launch, making it extremely
important to suppress the rise of clutch temperature. This
article describes the improvements made to the cooling
performance of CL2 and also presents specific examples

of the results.

2. Issue of Improving the Cooling Performance of CL2
System

The CL2 start-off clutch must absorb the rotational speed
difference between the engine speed and the drive wheel
speed during vehicle launch. The torque level transmitted
by the clutch increases in driving situations when large

driving force is required such as when driving up a steep
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slope or pulling a trailer, and the CL2 temperature also
rises. If the CL2 temperature exceeds the allowable range,
there is a greater likelihood that the resultant decline in the
properties of the wet friction materials might cause vehicle
body vibrations or that activation of the CL2 protection
control function might affect driving performance. In
addition, improving the cooling performance of CL2 was
also a crucial issue for applying the hybrid CVT to SUVs
that have a heavier gross vehicle weight.

3. Concept for Improving CL2 Cooling Performance

The cooling performance of CL2 is determined by
how efficiently the generated heat can be transferred to
the cooling oil. Ideally, it is well known that circulating
cooling oil in a liquid phase like an oil bath would provide
better cooling efficiency than if the circulated cooling oil
contained air (Fig. 2).

gas-liquid phase

=#=gas-liquid phase

=4=liquid phase

/
/
e

CL2 rotational speed [rpm]

CL2 temperature [°C]

Fig. 2 Temperature of clutch plates in clutch bench tests
(gas-liquid phase and liquid phase)

However, CL2 is based on the forward-reverse
changeover clutch of the existing base CVT and is cooled
by the cooling oil flowing through the shaft center. This
arrangement can easily produce a mixed gas-liquid phase
in which air is taken in from outside. Therefore, efforts
were exerted to improve the cooling oil flow in order to
make the CL2 lubrication environment resemble an ideal

liquid phase.

4. Improvement of the Cooling Oil Flow

As illustrated in Fig. 3, the cooling oil supplied through
the shaft center flows under centrifugal force from
the hub oil holes to the oil grooves in the wet friction
material to the drum oil holes, in that order. Therefore,
it was conceived that the contact surface of the wet

friction materials could be brought similar to an oil bath
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state by optimizing the cooling oil flow by means of the
geometry of the oil grooves and oil holes. To accomplish
that, a flow improvement plan was devised based on
flow simulation results and prototypes were built. Tests
were then conducted to measure the CL2 temperature in
order to validate the improvement effect. The details of
the simulations are presented in the following section. To
give the readers a better understanding, two examples are

explained, one each for high and low cooling performance.
5. Simulation of Cooling Oil Flow

5.1. Simulation model

First, dynamic flow simulations taking into account
the centrifugal force that acts on the cooling oil were
conducted to compare the cooling oil flow around contact
surface of the wet friction materials. A comparison was
made of the fractions of air and cooling oil flowing
along the friction material surface for the following two
specifications (Fig. 4).
Spec (1): The oil hole area and oil groove width were
enlarged to increase the flow passage area, thereby creating
a specification that accelerated cooling oil evacuation
Spec (2): The oil hole area and oil groove width were
narrowed to reduce the flow passage area, thereby creating

a specification that restricted cooling oil evacuation

5.2. Flow simulation results for CL2 cross section

Figure 5 presents a comparison of the cooling oil flow
for the two specifications as seen in a cross section of CL2.
The fractions of air and oil are shown by the color codes
where blue indicates 100% cooling oil and red indicates

100% air. With Spec (1), the area near the friction material
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Fig. 5 Comparison of flow simulation results
(Cross section of CL2)

Spec @
(Oil evacuation accelerated)

surface is alomost red in color, indicating a large fraction
of air. Conversely, with Spec (2), the friction material
surface is covered with cooling oil, creating nearly an ideal
oil bath state.

5.3. Oil Flow simulation results around friction material
surface

Fig. 6 compares the cooling oil flow for the two
specifications as seen from the front side of friction
material surface. With Spec (1), the oil grooves in the

friction material surface are almost red in color, indicating

Spec @

'i‘ !-I: :[—' (Oil evacuation restricted) J—mj
jp=a=mpy

Fig. 6 Comparison of flow simulation results (Friction material surface)
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that the cooling oil does not fully cover the surface. In
contrast, with Spec (2), the oil grooves in the friction

material surface are covered entirely with cooling oil.

5.4. Flow simulation results comparing the cooling oil flow
rate and the air mixture rate

Based on the same simulation results, a comparison
was made for the oil flow rate and air mixture rate of the
cooling oil, flowing through the oil grooves in each friction
material surface. Fig. 7 compares the oil flow rates, and

Fig. 8 compares the air mixture rates.
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Fig. 7 Oil flow rates

Fig. 8 Air mixture rates
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With Spec (1), the cooling oil flowing through the oil
grooves in the friction material surface shows a higher
flow rate. The air mixture rate is also high, indicating the
oil contains a large fraction of air. Moreover, the flow rate
and air mixture rate of the cooling oil flowing through
the oil groves in the friction material surface show large
variation among the four plates. The cooling oil flow rate
is lower for Spec (2) than for Spec (1), and the air mixture
rate is also lower, indicating a state similar to an oil bath.
In addition, Spec (2) suppresses the variation in the oil
flow rate and the air mixture rate among the four plates
more effectively than Spec (1).

These flow simulation results revealed that the lubrication
state with Spec (2) was similar to an oil bath than with
Spec (1), indicating better cooling performance and less
variation in cooling performance between the plates.
This confirmed that Spec (2) resemble to the optimal
specification. In order to validate the cooling performance
improvement, tests were then conducted to measure the

temperature of CL2 when Spec (2) was applied.

6. Verification Tests of Cooling Performance Improvement

6.1. Temperature evaluation test of CL2 alone

Two types of temperature tests were conducted, a bench
test of CL2 alone and an in-vehicle test. First, Fig. 9 shows
the temperatures measured in the CL2 bench test.

A clutch bench test setup was used to measure the
temperature of each friction material surface under the
CL2 slipping speed and transmitted torque level specified
for an in-house evaluation of an uphill vehicle launch. The
CL2 temperature was 20°C lower with Spec (2) than with
Spec (1). In addition, the temperature variation among the
friction material surfaces was 20°C with Spec (2), whereas
it was 40°C with Spec (1). These results confirmed that
Spec (2) achieved better cooling performance with less
temperature variation among friction material surfaces
than Spec (1), as was mentioned in the discussion of the

simulation results in the preceding section.

6.2. In-vehicle temperature evaluation tests

Fig. 10 presents the temperatures measured in-vehicle
tests. In these tests, the vehicle was launched on uphill
slopes, and the temperature of the friction material surface
of plate 1 was measured. Plate 1 had showed the highest
temperatures in the results measured in the CL2 bench test.

The vehicle was launched on two types of uphill slopes.
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One was the same low angle slope condition that was used
in the bench test for measuring the CL2 temperature. The
other was the maximum slope that JATCO has envisioned
and specified for most severe condition of real world usage.

For the slope corresponding to the condition of the
bench-test temperature measurement, the CL2 temperature
was 25°C lower with Spec (2) than with Spec (1). In
addition, the CL2 temperature with Spec (2) was 100°C
lower for the maximum real-world slope condition.

These results for in-vehicle temperature evaluations
also confirmed that Spec (2) provided better cooling
performance than Spec (1). The simulation and verification
test results were used in deciding the specifications for
improving CL2 cooling performance. This made it possible
to develop a lubrication system specification to meet

market needs.

7. Conclusion

A new lubrication system was developed to slove crucial
key issue of improving the cooling performance of the
start-off clutch (CL2) in a newly developed CVT for hybrid
vehicles. A notable improvement made to this system was
to improve the flow of cooling oil on the friction material
surface. It was initially thought that expanding the flow
passage area would be effective to increase the cooling oil
flow volume. However, making the flow passage area too
large would increase the air fraction at the friction material
surface, which would have the contrary effect of reducing
the clutch cooling performance. That insight was extremely
useful in developing the lubrication system.

Predictive simulations were conducted to compare the
improvement effect of different specifications. That made
it possible to narrow down the specifications used to make
prototypes for testing and resulted in efficient development
work.

We would like to thank everyone concerned inside and
outside the company for their cooperation in development

of this new lubrication system.
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New clutch temperature measuring system for FWD Hybrid Vehicles by using a dielectric telemeter
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Summary The start-off clutch in a CVT for front-
drive hybrid vehicles is controlled to slip with required
amount of slippage during vehicle launch, making it
essential to detect the clutch temperature rise accurately so
as to know the clutch endurance at detected temperature.
This article describes a clutch temperature measuring

system that has been newly developed for that purpose.
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1. Introduction

Techniques for measuring clutch temperatures have a
long history and are continuing to evolve steadily year
by year. Clutch temperature measurement began a long
time ago with the use of a clutch tester to measure the
temperature of stationary friction plates in a part test. In
recent years, advanced techniques have been developed for
measuring clutch temperatures during actual operation in
a transmission and in a vehicle under real world driving
conditions.

One of the most critical issues is to have a method of
stable extraction of measured temperature signal from
rotating clutch out of the transmission, while minimizing
the influence of noise and maintaining reliability
over a long period of time. This article presents a new

temperature measuring system that solves this issue.

2. Issues in Conventional Measuring Methods

Methods like those noted below have been developed
during the continuous evolution of clutch temperature
measuring techniques. However, each one has its own
issues and further improvement is needed.

(1) Direct wiring method

* S
Experiment Department
w5 R AT LB E R
Hardware System Development Department
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@ This method can only measure the temperature of non-
rotating clutch parts.

(2) Slip-ring method

@ The interior of the transmission must be substantially
modified because wiring is taken outside from inside
the rotating shaft.

@ Depending on the structure of the transmission, it can
be difficult to wire the slip-ring.

(3) Battery-powered telemeter system

@ Measurements can be obtained only for a short period
of time.

@ It has been difficult to secure sufficient space for
mounting the battery that supplies power. It has been
necessary to secure space by sacrificing CVT function
such as reverse capability.

(4) Data logger system

@ Continuous measurement cannot be made over a long
period of time.

@ Susceptible to noise due to the effect of the magnetic

field produced by the motor, etc.

In addition to the above-mentioned issues concerning
the storage and transmission of the measured data, the
response of the thermocouple at the heart of the measuring
system also had to be improved in order to measure
accurately the sudden temperature rise of the start-off
clutch.

3. Aim for Development of New Temperature Measuring
System

The aim set for the development of the new clutch
temperature measuring system was to satisfy the following
six items. That was necessary in order to resolve the issues
in conventional measuring methods and also satisfy the
requirements for measuring the clutch temperature in a
CVT for use on hybrid vehicles.

(1) Must be possible to measure the temperature of rotating
clutch parts

(2) Must maintain the function of the CVT

(3) Must be capable of measuring the temperature
continuously without any restriction on the available
duration for measurement

(4) Must have a long operating life as a measuring system

(5) Must be capable of continuous measurement in a
vehicle

(6) Must have sufficient response to measure the sudden
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temperature rise of the start-off clutch

4. Details of New Temperature Measuring System

It was concluded that an inductive telemeter system
would be the best method for accomplishing the
development aim mentioned above. This section describes

the new inductive telemeter system in detail.

4.1. Basic principle of dielectric telemeter system

The newly developed dielectric telemeter system mainly
consists of a stator antenna, rotor antenna, thermocouple
sensor, sensor signal amplifier and a receiver (Fig. 1-a).
The thermocouple signal is converted to a digital signal by
the sensor signal amplifier and transmitted from the rotor
antenna to the stator antenna in a non-contact manner. The
signal is then sent from the stator antenna to the receiver
where it is converted to an analog signal and output.

The receiver is powered by an external power supply. The
stator antenna transmits high-frequency electromagnetic
waves that form a magnetic field in the immediate area to
facilitate non-contact power supply to the rotor antenna.

This system configuration enables two-way non-contact
transmission of digital data between the rotor and the

stator as well as simultaneously facilitating electric power

supply (Fig. 1-b).

4.2. Measurement time and mountability of new measuring
system
Dielectric telemeter system uses an electromagnetic
induction field to supply power continuously, thereby
enabling continuous measurement because there is not any
restriction on the available duration for measurement
Moreover, it is not necessary to mount the power supply
battery inside the CVT. This makes it unnecessary to
sacrifice CVT function for securing power source space,
which has traditionally been an issue with battery powered
telemeter systems. Temperature measurement is possible

without detracting from the functions of the CVT.

4.3. Reliability of new measuring system

The clutch targeted for measurement in this project is
located deep inside the CVT. With a conventional slip-ring
method, it would be necessary to machine the surrounding
parts in various ways in order to install a long wire for
externally extracting the temperature signal from CVT.

Consequently, the wire would be apt to break and the

New clutch temperature measuring system for FWD Hybrid Vehicles by using a dielectric telemeter
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Fig. 3 Comparison of operating life of measuring systems
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machined parts would likely suffer a loss of strength.

In contrast, the dielectric telemeter system does not
require any long wire and modification of surrounding
parts can be kept to a minimum. Therefore, the system can
be mounted without sacrificing the function or durability
of the CVT.

Furthermore, in measuring the clutch temperature, it is
necessary to avoid any damage to the thermocouple sensor
by the temperature rise of sliding parts. The thin film
of the thermocouple signal harness in particular has low
thermal resistance. It was predicted that the temperature
rise of sliding parts might melt the film. To avoid that, the
wiring hole machined in the metal plate was enlarged to
secure space between the film and the metal plate. As a
result, the insulation effect of the surrounding air can be

used to prevent the film from melting (Fig. 2).

\

gilver alloy thermocouple

metal plate

Fig. 2 Diagram of temperature sensing part

The adoption of this dielectric telemeter system reduced
the size of the measuring device to be mounted and the
thermocouple is installed in an innovative manner. As
a result, the operating life of this new system has been
extended 1,000-fold compared with that of conventional

measuring methods as shown in Fig. 3.

4.4. Improvement of temperature response

The start-off clutch of this CVT for hybrid vehicles
is allowed to slip in a controlled manner during vehicle
launch. Accordingly, the temperature rise of the clutch is a
key issue and must be detected accurately. In addition, the
measuring system must have high responsiveness because
the clutch temperature rises sharply in situations where
large driving force is demanded of the vehicle, such as
when driving up a steep slope or pulling a trailer.

With the previous temperature measuring system, the
junction between the alumel and chromel wires of a K-type
thermocouple was embedded in the clutch friction material
plate and the sliding metal plate. In contrast, the junction
of the alumel and chromel wires is now sealed inside a

silver wax globe attached to the surface of the friction
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Rotor Antenna

Gl

material plate and the sliding metal plate. Quicker response
than before has been obtained by using silver wax, which
has high thermal conductivity, on the surface of the sliding
plate and installing the thermocouple close to the sliding
surface.

Fig. 4 compares the temperatures measured with the
previous and new measuring methods when the start-off
clutch was suddenly engaged under the same operating
conditions. As seen in the figure, the responsiveness of the

new measuring system has been improved.

temperature of surface
g by new method
E =
g
& temperature of surface
by old method
0o o 20 30 40 50 6.0

Time[sec]

Fig. 4 Comparison of temperatures measured with
old and new methods

5. Actual Example of Data Measured with the New System

As an actual example of this new measuring system,
Fig. 5 shows the appearance and a schematic diagram of
an assembled system that was manufactured for measuring
the temperature of the start-off clutch in a CVT for FWD
hybrid vehicles. The measuring system is much more
compact than systems using previous measuring methods,
thereby keeping modifications of surrounding parts to a
minimum. Only the places indicated in blue in the figure
had to be machined. Consequently, this system can also
measure the clutch temperature during CVT operation in

an actual vehicle.

11

Stator Antenna

L L

-5

Fig. 5 Example of actual dielectric telemeter system
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Fig. 6 Typical results of temperature measurement
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Fig. 6 presents an example of actual clutch temperature
data measured in a test vehicle with this measuring system.
As seen in the figure, the new system can measure sudden
temperature changes such as a rise to 100°C within 0.5 sec.
This system was greatly helpful in validating simulation
data (blue line) in comparison with actual measured
values (red line) as shown in the lower figure. Moreover, as
can be seen in the figure, the contactless transmission of
digital data enables temperature measurement that is little

affected by noise even without the application of filtering.
6. Conclusion

This article has described a newly developed clutch
temperature measuring system that adopts dielectric
telemeter technology. Compared with previous measuring
techniques, this new measuring system provides higher
response, a longer operating life and also facilitates
temperature measurement without detracting from the
functions of CVT. This measuring technology also
contributed to the development of measures for improving
the cooling performance of the start-off clutch in the CVT
for hybrid vehicle application, as described by Sugimura
and colleagues in another article in this special feature.

Another advantage of this system is that it is applicable
to various types of measurements. We are now proceeding
with our next challenge of using this system to measure
torque and stress in a CVT, which have been similarly

difficult to measure with existing techniques.
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Summary In order to pursue a ‘never-ending quest
of synchronized production with customer's vehicle
production plan,” we started the JATCO Excellent
Production System (hereafter JEPS) activity 15 years ago,
and this activity is still evolving (Table 1).

This article describes process and organization to carry
out “never-ending quest to identify issues and to establish
reconstructive solution” and to deploy measures for
developing human resources globally, which supports

above mentioned process and organization.

1. RUELIRIE

2013 4E TV M T REHEEG L 2,140 11,
2NV 2T 49% THIAE Ak CVT (Continuously Variable
Transmission) No.1 %754 ¥ & 7% 572, 2020 4E 121
[Global No.l] DFFYAIv T ayA—hilhbIll%H
fRL, 54 CVT OAFELFRIZIEKTLHART
% (Fig. 1).
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Table 1 The history of JEPS activities at JATCO.
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1. Surrounding Circumstances

JATCO's cumulative production volume of
continuously variable transmissions (hereafter CVT)
reached 21.4 million units in 2013. Same as last year,
JATCO continued its position as the world's No. 1 CVT
supplier. JATCO's global market share in 2013 was
49% and we aim to be the global No. 1 transmission
manufacturer by 2020. The CVT share of JATCO's total
production volume is expected to increase even more in
the coming years (Fig. 1).

Meanwhile, with the rapid globalization of our
operations, it would not be exaggerating to say that
our competitiveness in monozukuri (manufacturing) is

determined by the capabilities of each plant to implement

[Thousand units/year]
5,500 B CVT _

5,000 Fm-FwoaT -
4500 (ZEUE — -,
4,000 L T1%
3,500  |mmm—
3,000
2,500
2,000
1,500
1,000
500
0

Including JATCO Mexico and JATCO Guangzhou

FY03 FY04 FY05 FY06 FYO7 FY08 FY09 FY10 FY11 FY12 FY13

Fig. 1 JATCO's cumulative production volume
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Fig. 2 Examples of horizontal implementation of kaizen
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improvements and reforms through a never-ending quest

to identify issues and to establish reconstructive solution.”
2. Two Functions Driving JEPS

The “never-ending quest to identify issues and to
establish reconstructive solution” in the JEPS activity
is advanced through the continuous operation of two
functions. One function is to promote evaluations of
monozukuri improvements and reforms, and the other is for
developing human resources, this makes the first function
feasible. The development of human resources in particular
involves fostering employees who can proactively notice
and identify issues, implement corrective measures and
thereby produce dramatic results. It is also indispensable
to develop people capable of training and educating such
employees. These two functions must be combined in order
to promote the JEPS activity in response to change of
surrounding circumstances. The following sections explain

measures for accomplishing these two functions.

3. New Activity for Improvements (Kaizen) and Reforms

by Evaluations and Promotion

Four measures have been deployed for promoting
evaluations and promotions for improvement (kaizen) and
reform. The first measure is to share examples. Excellent
examples of improvements are posted on the company's
intranet. Videos are used to share suggestions and these can
be understood regardless of the language. These examples
are also being utilized to support our suppliers (Fig. 2).

The second measure involves strengthening

Fig. 3 Participants from all production plants at the Global
JEPS Gemba Confirmation Meeting
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Table 2 JEPS evaluation levels (points)
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confirmation of the actual product and facility (gembutsu)
in the actual workplace (gemba). Since fiscal 2013, a
Global JEPS Gemba Confirmation Meeting has been
held once every quarter. Representatives of each function
at the four CVT plants attend these meetings each time.
The meetings recently began to function not only as a place
for presenting each other's best practices, but also as an
opportunity for discussing common issues and stimulating
new ideas (Fig. 3).

The third measure involves speeding up the pace of
improvements (kaizen) and reforms. Common evaluation
tools have been introduced globally and the results are
shared in common, which is effective in quickening
the pace. Specifically, JEPS evaluations (Table 2) for
measuring the performance of the production lines and
Gemba & Gembutsu Kanri (GGK) reviews for judging the
workplace management level of supervisors are conducted
regularly at the four CVT plants.

The fourth measure is benchmarking. Significant leap
forward and dramatic reforms are required today for
improvements, rather than just a slight improvement by
conventional ideas. Therefore, exchanges are vigorously
conducted with companies in other industries such as
packaged food manufacturers, electrical equipment
manufacturers and others. The resulting information is
used to promote improvements and activities based on a
new awareness by such benchmarking. That information is

also shared via the company's intranet.

4. Global Development of Human Resources

In order to keep up with the rapid growth of our
operations globally, it is necessary to quickly educate
employees in order to have capabilities to make
improvements who have never experienced monozukuri
before. In Japan, monozukuri is supported by the
accumulation and passing on of skills acquired through
experience. However, production volumes at overseas
plants are expanding rapidly, making it difficult to give
employees sufficient time to experience monozukuri
operations. Therefore, in order to develop human resources
quickly, we are putting emphasis on education that gives
employees opportunity to deal with actual production and
facilities in the workplace, in addition to enhancement of
accumulated know-how for training, such as developing
kaizen trainers and leaders and education in global training

center and regional training centers. In Japan we have

Global deployment of the JATCO Excellent Production System

Fig. 4 Trainees from overseas plants at the karakuri and
tooling kaizen dojos
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Fig. 5 Production volume ratio vs. time after start of
production
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newly established a tooling dojo (tooling training center)
for educating employees the fundamentals of machining
and a karakuri dojo (simple and smart improvement
training center) and an exhibition hall where employees
can experience the principles of moving things by using
simple mechanisms (Fig. 4). Trainees from overseas are
accepted at these dojos (training centers) and the things
they learn here in Japan (JATCO) can actually be practiced
in their own workplaces after they return to their plants.
This enables them to become leaders at their own plants
and to play a key role to drive JEPS activity.

5. Benefits of Improvements

This section presents examples of the results of
the JEPS activity, first with regard to improving the
efficiency of existing lines. JATCO is currently producing
approximately 23 types of transmissions, of which 13
are CVTs. Therefore, even a single improvement can be
horizontally deployed on other similar production lines,
making it possible to expand the benefits.

Moreover, new lines can now be launched and the
required production volumes can be obtained in half the
time that it took previously when the existing lines were
launched. This has been achieved by above mentioned
activity of rapid development of the human resources and

productivity improvements (Fig. 5).

6. Future Challenges

Evaluation points of JEPS for measuring monozukuri
performance of existing line and newly launched line
have reached to same level, even though evaluation of
newly launched line is carried out right after production
launch. That is the result of Production Engineering
team and Manufacturing team working closely together
at the production preparation stage to drive the JEPS
activity. The key challenges for becoming the global No. 1
transmission manufacturer by 2020 will be to incorporate
into new lines all of the improvement know-how gained
from the existing lines without leaving anything out and
to certainly implement in new lines the improvements
that could not be embodied in the present lines. In other
words, it will be necessary to strengthen and enhance
JEPS activity beginning from the planning stage in order
to make improvement measure at earlier stage (headstream

or upstream).



JEPS & O—/N)VEBICDWT

DOHFETH S, 2020 4EI2 [Global No.1] &725121%, H
1174 2 OUE NI &R R 74 Ik A 2
&, BUATIA VCTIIEBRTER D 572 UG5 R HEFITHRY
AL EpgEE D, BIL, AHERELD JEPS DRl
ez (G - LIRTOXHK) 2HEAMETLUEDN D 2.

F72, WM - BRIEEHELT HicshEY LD
b (A I, miR T, oKy M),
WEHIGORE T RZIAE TXLHRE RGO - 7
FEMAL, BLBY TOAMEBEREETIAToTNE
72\,

B ODBEFNOPRIE, [RY e WiEOBE(LE
] (2K BT - BEENITH Y, Th kit LT
D#Ee72DDE D) DU - Y E R T H 2 &,
TNEFTTEDLAMEZER TSI E%2H0 LT % JEPS
RS EETH D, 7 O—r UKy — LR el
BLATEHL, A0, B, Al5)] ZimicHEEL
TwY,

8. HiE¥

AE T HI1247:) TRRZ W2V O
BB RIS Z L i Ed

I |

We also intend to emphasize the development of human
resources in the workplace using actual product and
facilities in order to conduct activities for making dramatic
advances and changes. This will include establishing new
dojos (training centers) for electric/electronic control,
image analysis and robot control as well as expanding and
improving venues for displaying improvement examples so
that creativity and ingenuity in manufacturing workplaces

can be shared by everyone.
7. Conclusion

The source of competitiveness in monozukuri lies in
capabilities to attain improvements and reforms through
the “never-ending quest to identify issues and to establish
reconstructive solution.” The JEPS activity is vital to
the continuation of these efforts because it focuses on
executing evaluations of monozukuri improvements
and reforms as well as development of human resources
capable of executing those improvements and reforms.
Through global use of various tools and dojos (training
centers), we intend to vigorously enhance the development
of employees capable of identifying issues, utilizing best
practices and creating better solutions.
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Project Management of New Global Production Plant Launch
—Implementation of JATCO's Version of NPPS in JATCO Thailand's Project and JATCO Mexico's Plant No. 2 Project—
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Summary This article presents the project management
tools that were introduced to accomplish quick global
launch of CVT production plants. The details of the
management tools are described along with specific

examples of their implementation in two projects.

1. 1FC®IC
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1. Introduction

In recent years, we have had to build CVT production
plants quickly and globally in order to meet market needs,
but lacked a standard process for launching plants overseas
(Fig. 1). Therefore, to create a method for launching a plant
in a short period of time and with limited resources, we
combined the concept of the New Plant Preparation System
(hereafter NPPS) developed by Nissan Motor Co., Ltd.
(hereafter NML) and the Stage Control Chart (hereafter
SCC) used heretofore by JATCO's Production Engineering
Division. The resulting method was implemented to
JATCO Thailand's (hereafter JTL) project and JATCO
Mexico's (hereafter JIMEX) No. 2 plant project (Fig. 2).
Specifically, in each case the overall project was managed
in reference to the concept of Nissan's NPPS, taking into
account the functions unique to JATCO's projects from the
standpoint of the casting, forging, machining, assembly and
other processes involved. In each project, production was
launched in the shortest possible period, which became a

benchmark of rapid launch at respective plant launch.

* PG HL

Engineering Management Department
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JATCO (Thailand) Co., Ltd.
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Fig. 1 Global expansion plan
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Fig. 2 Outline of NPPS (excerpt from NML material)

2. Project Management Method

2.1. Implementation of NPPS to JATCO's projects

As outlined in Fig. 2, NPPS is a tool for centralized
management of the progress of the preparations for
establishing a new plant. It details all the work involved
in preparing a new plant, including plant construction and
preparations for launching production operations.

The standard steps used by NML included common
items with JATCO with respect to preparing production
equipment. However, because the organizations, methods
and processes of the two companies differ, some steps were
lacking in NPPS for JATCO's projects. It was necessary
to add some steps concerning the ideal process defined
in the JATCO Excellent Production System (hereafter
JEPS) activity. That was done by breaking down the issues
involved and taking into account the special characteristics
and circumstances of each plant.

Moreover, with this system a review meeting,
called the New Plant Preparation Meeting, was held at
major junctures to assess and confirm the status of the
preparations. In the past, meetings were held to review the
overall progress of a production launch at a plant and to
make decisions about moving to the next phase. However,
those meetings had not involved such major junctures as
the establishment of a new company or the building of a

new plant.

2.2. Application of Stage Control Chart: Effectiveness and
issues

Production Engineering has previously used the SCC
as a system for managing the progress of a project. With

this system, a standard schedule, called a template, is
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prepared according to the relative degree of difficulty of

a project. Each functional group adds its own necessary
preparations and a baseline plan is completed. By inputting
the progress made each month, a monthly progress report
is automatically created. The people involved confirm the
progress on the basis of the report, if necessary, devise
measures for catching up to the original schedule and
determine instructions for the future direction of the work
(Fig. 3).

A remarkable feature of this system is that the rate of
progress is expressed in units of hours rather than in the
number of steps. This master schedule is a compilation
of the optimum production preparation lead time and
represents an accumulation of past know-how plus the
addition of work improvements. This schedule makes
it possible to ascertain the volume of work to be done,
enables management of progress and man-hours based
on realities and support action which needs to be taken at
early stage.

The Production Engineering Division managed the man-
hours of the two above-mentioned projects using SCC that
helps in implementation of accumulated know-how. Other
functional groups such as Production Control, Quality
Assurance, Purchasing and others used NPPS to manage
the progress of their steps of the projects. At each juncture,
the lead time of each step and the master schedule were
revised for future use. A New Plant Preparation Meeting
was held at each juncture of the projects, and a decision

was made regarding the transition to the next stage.
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Fig. 6 Progress report
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Fig. 5 Photo of JTL

3. Example of Implementation to JTL Project

3.1. Implementation to project

In April 2011, a project team was formed for JTL project
and preparations were initiated. In order to accomplish the
production launch in a short period by 2013, it was decided
to apply JATCO's version of NPPS for managing the
project.

First, the time line for the JTL project was set in
reference to the NPPS concept used by Nissan. Activities
were then undertaken to add the work specific to JATCO's
operations.

Those activities initially completed JATCO's version
of NPPS for implementation to the JTL project, and
preparations and follow-up were initiated in May. It
will be noted that the final number of project steps was
approximately 1.5 times more than the number of planned

steps.

3.2. Ingenuity in implementation and operation

Every month, the project members repeatedly confirmed the
progress of the project based on JATCO's version of NPPS and
identified any issues to be addressed. During that process, they
noticed some support activities were lacking, including work at
the parts supply center that manages spare parts, the dressing of
tools, and clarify as well as decide how to deal with surplus parts
(to be reused or to be discarded). Therefore, the actual work being
done was confirmed together with the project members, issues
to be addressed were identified, and measures for resolving them
were broken down into respective steps and added to JATCO's
version of NPPS. The overall progress of the project was
monitored at the monthly meetings, and the results were shared
between JATCO Japan (hereafter JTC) and JTL (Fig. 6).
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Fig. 7 NPPM #7 three months after SOP
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Fig. 8 NPPM #8 three months after SOP

One of the most important points in managing this project
was to prepare a standard schedule by checking the planned
lead time of each step against the actual progress and making
adjustments as necessary. This work made it possible to
accumulate know-how for driving the project. The critical
junctures of the project were managed by holding a New
Plant Preparation Meeting, which provided an opportunity for
the general manager of the Production Division to assess the
status of the preparations and to make a decision about the
transition to the next stage (Figs. 7 and 8).

As part of implementing a system for executing the
work, a technical specification was prepared as a milestone
toward the attainment of ISO/TS 16949 certification and
added to JATCO's version of NPPS. This project was
JATCO's first overseas project to which we applied the
company's global standards. We worked together with
Global Standards Promotion Team to create and prioritize
the necessary standards for the JTL project, and the
members of the functional groups then worked to prepare
them (Figs. 9 and 10).

Fig. 10 Audit by certification body

Fig. 11 QRQC action
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Fig. 13 Location of IMEX

Fig. 14 Photo of IMEX #2 plant
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Fig. 12 JEPS Activity Board

3.3. Results

As a result of the foregoing activities, a new company
and a new plant with a workforce of approximately 1,000
employees were launched at the new site where nothing
had existed previously, and the targeted productivity
was attained at an early date. In addition, standard steps
for launching an overseas plant were also established
in JATCO's version of NPPS, which will be utilized
as JATCO's global standards for succeeding projects.
Workplace management and other processes were also
started in a timely manner under JATCO's version of
NPPS, thanks to work team management based on Quick
Response Quality Control (QRQC) (Fig. 11) and the JEPS
Activity Board (Fig. 12).

4. Example of Implementation in JIMEX's second
manufacturing plant Project

4.1. Implementation to project

In 2011, JATCO initiated a study for increasing local
production in the North America Free Trade Agreement
(NAFTA) zone due to the growing demand for CVTs.
Upon approval of a plan in 2012, official use of NPPS
as a management tool was also initiated in the project
to construct JMEX's second manufacturing plant
(hereafter JIMEX #2). Production preparations were begun
approximately one year after the JTL project (Figs. 13 and
14).



Global £ E#LEREMICHFTETO0 1o MER

4-2. B - ERADIX

AK7ayzr M, Tuvay MEHTEO#ELLENS
%, IMEX &2 TH7ay=7 MZ#EMEL, H»o, BEIC
IMEX %1 I03d 5720, AF¥F VAN IV=THE
REZRD, JTC AN—IZHR-MEELT, Bt L —
vaAbEHED7z. (Fig. 15)

Fig. 15 Operation by JMEX engineers
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4.2. Ingenuity in implementation and operation

The system was applied to the JMEX #2 plant project in
order to further evolve this project management method.
Because JMEX #1 plant was already in operation, Mexican
engineers were primarily responsible for promoting the
project. JTC members served to provide support and
assisted with the localization of the operations (Fig. 15).

Accordingly, because local people were responsible for
managing the project from the beginning, validation by the
functional groups was carried out at the monthly meetings.
The Mexican project staff worked closely with the JTC
people in charge to make sure that none of the items to be
executed were left out.

JATCO's version of NPPS was applied to JMEX's
processes where it could be used in the same form that was
employed in the JTL project. Places that had to be modified
to match the circumstances in Mexico were incorporated
in a newly revised NPPS that was implemented to the
JMEX #2 plant. That represented a second evolution
of JATCO's version of NPPS. It was rather difficult to
harmonize the differences between the production systems
already in use at JMEX #1 plant and those for use at the
new plant. However, that difficulty was overcome by first
resolving the issues in the existing production systems and
then applying JATCO's version of NPPS for managing

their implementation in the new plant.

4.3. Results

In the JMEX #2 plant project, we undertook the
challenges of shortening the production preparation period
and quickly increasing the production volume, among
other tasks. By visualizing the issues in each functional
validation and addressing them swiftly, we succeeded
in shortening the production preparation period by
approximately two months compared with that of the JTL
project (Figs. 16 and 17).

Project Management of New Global Production Plant Launch

Fig. 16 Photo of opening ceremony on Sept. 10, 2014

5.FLD

TuYrs MERTHELLT, NPPS BLU SCC # v
THEAL, JTL70Y 27 b5 IMEX 70z 7 M2
bs, (7Ot AR TE.

Sthd, WD) —FIA LT, EB T Ot A
FIZYHLATNL,

WBIZ, K7V r b BI040 TH w272 0n
R A= —, BLOEBREBEOH 22, B3 LET

Hl Authors

Kazuaki TAKIDO Manabu MISHIMA

1 781

Fig. 17 Production scene at #2 plant

5. Conclusion

JATCO's version of NPPS and SCC were further
advanced as project management methods from the JTL
project to the JIMEX #2 plant project and a standard
process for launching overseas plants was established.
Subsequently, we intend to make further innovations to our
work processes for the purpose of shortening the lead time
even more.

Finally, we would like to thank all the partners of
equipment manufacturers and everyone involved for their
tremendous cooperation in promoting these projects to a
successful conclusion.

& |

Tomoyasu ITOYAMA  Yoshihiro KAWANABE
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Summary It has become necessary for JATCO to
further accelerate various improvement activities that are
carried out in cooperation with our suppliers in order to
achieve the ideal total delivered cost (hereafter TDC) for
our purchased parts. This article describes the THaNKS
activity that is conducted as a collaborative improvement

program with our suppliers.
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1. Background behind Introduction of THaNKS Activity

Since April 2003, JATCO has been promoting a
monozukuri (manufacturing) improvement program as
a collaborative improvement effort with suppliers under
the direction of the Purchasing Project Center. This
monozukuri improvement program is aimed at enabling
suppliers to achieve their quality, cost and delivery
(hereafter QCD) targets through gemba (workplace)
improvement activities based on the JATCO Excellent
Production System (hereafter JEPS). It also involves efforts
to promote more self-initiated improvement activities by
suppliers.

However, in order to achieve ideal TDC, it has become
necessary today to expand the focus of improvement
and speed up the pace of improvement activities through
company-wide efforts in JATCO that transcend the
framework of the Purchasing Project Center.

THaNKS is an acronym that stands for Trusty and
Harmonious Nissan Kaizen activity with Suppliers.
This acronym embodies a feeling of appreciation for
improvement activities that put emphasis on trust and
collaboration with suppliers. It emphasizes the idea to
appreciate efforts in which each party say “thank you™ to
the other.

In fiscal 2013, JATCO established a new method of
promoting collaborative improvement activities with
suppliers by incorporating our previously accumulated
monozukuri improvement know-how, utilizing the basic

concept of the THaNKS activity originally introduced

FPETRY M s —
Purchasing Project Center
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Fig. 1 Scope of THaNKS activity
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by Nissan Motor Co., Ltd. A distinctive feature of this
method is that it enables us to pursue the ideal TDC by
concentrating our improvement know-how and through
close teamwork among the various divisions, departments
and sections concerned. These include the JEPS
Promotion Dept., Purchased Parts Quality Assurance
Dept., Production Control Dept., SCM (Supply Chain
Management) Promotion Dept., Technical Cost Reduction
Promotion Office and the departments of the R&D

Division.

2. Overview of THaNKS Activity

2.1. Concept of THaNKS Activity

As shown in Fig. 1, the scope of the THaNKS activity
covers the flow of parts from tier N suppliers to delivery to
JATCO. This is truly an optimal framework for pursuing
the ideal TDC. The focus of improvement encompasses
a wide range of aspects, including boosting overall
equipment efficiency (hereafter OEE), improving logistics
and packing of parts, optimizing quality standards and
reducing costs.

OEE is an index for quantitatively expressing how
efficiently equipment is actually operating during the
period while the production lines are operating. It is
indicated in measureable items such as time utilization
rate, performance operation rate and quality product rate.
As shown in Fig. 2, non-operating items are classified into
six major types of loss, namely, failure loss, preparation
adjust loss, speed loss, minor stoppage loss, defectiveness/
alteration loss and setup loss. OEE improvement activities
are aimed at boosting equipment efficiency infinitely by
thoroughly eliminating these six major losses. The OEE
index is one of the most important indicators for measuring
the true improvement capability of monozukuri gemba
(manufacturing workplaces).

The result of improving OEE influences not only on
labor productivity improvement but also on reduction of
equipment depreciation cost, which includes processing
cost, and various expenses such as electricity, oils/greases
and cutting tools.

The THaNKS activity is mainly focused on pursuing the
ideal OEE. The Nissan Group uses a common ideal OEE
for each manufacturing process. Activities for achieving
the ideal OEE were discussed in cooperation with suppliers
and specified in a three-year plan running from fiscal

2014 to fiscal 2016. Improvement activities are now being
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promoted to accomplish the plan. Table 1 shows worksheet
for setting OEE milestones.

OEE targets are not to be achieved by inexhaustibly
increasing the number of man-hour deployed on a
production line, but rather it is necessary to measure how
good OEE can be attained with fewest man-hours. As
indexes for measuring their attainment, targets are set for
jobs per man-hour (hereafter JPMH) and used to confirm

whether labor productivity is definitely being improved.

Table 1 OEE milestone worksheet

Worksheet(Sample) Ideal OEE

OEE improvement milestone
Supplier:
Process:
Present Ideal FY14 FY15 FY16
JPH JPH
JPMH JPMH
OEE %
Time ratio %
[ Set—up Min
Min
Performing operation rate %
Quality product rate %
Cycle time Min
Operator number Per
Direct Per
i Per
Logistics Per
Logistics [ Filling factor %
[ Ratio of packing material %
Key activity

2.2. Suppliers involved

Basically, all the suppliers are scope of THaNKS
activity with whom JATCO does business. In selecting
suppliers for the activity, we work in cooperation with
the Purchasing Division and take into account purchase
amounts, future prospects, new product plans and whether
they have any delivery or quality issues. At present,
suppliers involved in this activity account for 60% of our
total purchase amount globally (Fig. 3).

2.3. Defining milestones using global OEE benchmark
data

As shown in Fig. 4, global OEE benchmark comparisons
are made for similar parts manufactured by different
suppliers and similar manufacturing processes of different
suppliers. The results are used to define OEE milestones
for improving the competitiveness of suppliers or for
motivating them to attain the ideal OEE.

Moreover, improvement proposals that can be shared
in common are deployed horizontally by the THaNKS
team at different suppliers so as to speed up the pace of

improvement activities.

THaNKS Activity through Cooperation with Suppliers

WAL TELUEZRME, THaNKS F—2AI12TK
FREBZITV, SEEEBIOAY -7y 72D TN,

FY13 FY14 FY15 FY16

Fig. 4 Global OEE benchmarking
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Before After
Produced under optimal
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2 shifts and 3 groups
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Fig. 5 JPH improvement
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3. Examples of Improvements

This section describes typical examples of improvements

implemented.

(DReduction of production line operating time by
improving the number of jobs done per hour (hereafter
JPH) (Fig.5)

(2)Increase in number of packing parts by revising the
packing specifications (Fig. 6)

(3)Elimination of deburring process for parts to be

machined in next process (Fig. 7)

Before After
Packing Spec

Buffer(Thick: 5mm)
*Make Length SNP=8

Vertical 8/box

Packing Spec
-Buffer(Thick: 3mm)
*Make the Side SNP=12

Horizontal 12/box

Fig. 6 Improvement of packing rate

Before After

Not removed the burr that
machined in the line of JATCO.

Casting burr was removed
manually.

Burr remains (Not remove )

Burr was removed

Fig. 7 Elimination of burr removal operation

4. Status of Deployment at Overseas Plants

The THaNKS activity is being conducted uniformly at
all overseas plants worldwide, with JATCO Japan serving
as the center of excellence.

(1)Deployment of improvement tools and methods that
ought to be shared globally

(2)Horizontal deployment of improvement measures

(3)Technical support and education/training of overseas
plant employees

Collaborative improvement activities with suppliers
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Fig. 8 THaNKS activity deployment
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overseas were initiated in China in 2011, in the North
American Free Trade Agreement (NAFTA) zone centered
on Mexico in 2012 and in Thailand in 2014. Promotion of
the THaNKS activity at overseas plants is positioned as an
even more crucial activity in the company's future business
plan, which calls for more rapid overseas deployment in

the coming years as shown in Fig. 8.

5. Issues and Necessary Activity for Future

Currently, improvement activities are mainly undertaken
for existing products. However, there is a need to
strengthen efforts for facilitating smooth launches based
on a front-loading approach. This includes studying the
optimal process design beginning from the development
stage and improving evaluations of QCDDEM (quality,
cost, delivery, development, engineering and management)
capabilities of suppliers at the stage where they are
selected.
Strengthening the quality of overseas suppliers will be an
especially critical point, considering JATCO's plans for
future global expansion. Toward that end, we intend to
further strengthen and expand our quality improvement
activities.

Finally, we would like to sincerely thank all of our
suppliers for their tremendous cooperation in introduction

and implementation of this activity.

Naofumi KAWADA

THaNKS Activity through Cooperation with Suppliers
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Summary JATCO is carrying out continuous quality
improvement activities in cooperation with suppliers for
the purpose of improving the quality of purchased parts.
There are high requirements for the quality of purchased
parts. This article describes an activity that leads directly
to quality improvements and an activity for improving

global quality levels.
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1. Introduction

The rapid expansion of the global vehicle market has
increasingly heightened the requirement to improve the
quality of purchased parts. There is an urgent need to
make continuous improvements and enhance the quality
of purchased parts particularly in view of the ongoing
globalization of JATCO's operations.

We have been proceeding with improvement activities
with our partners who supply us with parts and materials
in order to provide satisfaction and trust to our customers.
This has involved efforts to speed up execution of the Plan-
Do-Check-Action (hereafter PDCA) cycle with the aim of
improving quality levels as quickly as possible.

This article describes the “Quality Rank Up Activity”
that is directly related to our customers product quality and
the “Global Management Quality Improvement Activity”

that is effective for improving work processes.

2. Purchased Parts Quality Improvement Activity Directly
Related to Customer's Product Quality

2.1. Quality assurance activity for purchased parts

For purchased parts quality assurance, high quality
assurance targets are set through discussions with
suppliers, and activities are focused on preventing quality
issues occurrence in the first place.

Comprehensive evaluations have been made every month

o L PRRIEFS WAt i L PR RIER R o ity B RFIEFR

Quality Assurance Department

Supplier Quality Assurance Section, Quality Assurance Department
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for each supplier with respect to the number of defective
parts delivered, the impact on our operations by such
defects, manufacturing difficulty level of parts and other
aspects. Based on the results, suppliers have been selected
for improvement and activities have been undertaken
to improve their quality levels. The suppliers for this
activity have been selected on the basis of their delivery
results for the previous fiscal year, and the “Quality
Rank Up Activity’ has been carried out as a concentrated
improvement program for six months. An overview of this

activity is given below.

(1) Selection of suppliers

Among partner suppliers, including those of JATCO's
overseas assembly plants, few of them are selected on the
basis of their previous fiscal year's results for delivery of
parts with quality defects and other criteria. An agreement
is reached between the selected partner suppliers and each
assembly plant concerning the improvement activities to be

undertaken.

(2) Details of the activity

A plan for quality improvement activity is worked out
together with each supplier. The activity team consists of
member from quality assurance, production engineering
and production plant. The activity is conducted for a period
of six months. Evaluations are made at the beginning
and end of the activity using JATCO's original quality
evaluation tool (Fig. 1). If the quality targets are achieved,
the activity is concluded; if they are not achieved, the
activity is continued.
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/

Skipped process,
foreign object
contamination prevention

Raw materials
intermediate products,

Troubleshooting ™

Evaluation results

Standard devclopmcm

T ials, | A
product management 4
\ \\

Changing of pldns T
Management of changes

. Stdndd.rd compliance
\\\ Equipment and condition

\ management

,\,,

_~~ Measurement/recording

\_ Pokayoke &= before
\ il after

\
+ Process management

/ Instruments
/" (Measurement/inspection tools)

- Qudllty verification

Fig. 1 Quality diagnosis
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(1) Preparation and execution of the activity plan
JATCO and supplier jointly prepare and agree on a
plan for the “Quality Rank Up Activity” based on an
analysis of the quality results up to the previous fiscal
year.

(2) The status of actions taken to address problems
experienced in the past is re-examined, and measures
designed for horizontal deployment are confirmed.
Checks are made to verify whether measures against
previous troubles and measures for horizontal
deployment are duly incorporated in the Failure Mode
and Effects Analysis (FMEA), process control plan,
standard work sheets and other places.

(3) JATCO's quality evaluation tool for diagnosing 16 types
of criteria in the workplace is further subdivided into 58
items and supplier status is quantitatively evaluated and
an overall score is summed up. This JATCO original
evaluation tool is used to identify the strengths and
weaknesses of supplier.

(4) The target period of this activity is six months. It is
essential to confirm the actual site and actual part

(gemba and gembutsu) without sparing any effort.

(3) Conclusion of the activity

The quality improvement results are confirmed at the
end of the target period. Checks are made to ensure that no
defects are occurring and that the improvement measures
have actually been implemented in workplace operations.
At the point where it is verified that the measures have
been implemented according to the activity plan and it is
recognized that improvements have been achieved, the
conclusion of the activity is confirmed on the basis of
the actual situation in the workplace, and the activity is
concluded at a suitable milestone. The person in charge
at the supplier and the JATCO person in charge decide
whether to conclude the activity based on a mutual

agreement.

2.2. Results of the activity

The activity described above was initiated ten years ago
and has been producing substantial results every year that
have led to quality improvements. As a result of promoting
this activity primarily in Japan in particular, the quality of
parts purchased in Japan has stabilized at a high level.

However, the situation in overseas is still has scope
of improvement, including the local subsidiaries of our

Japanese suppliers. We have been working closely not
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only with local suppliers but also with overseas suppliers
that are increasing in number. Improvement efforts are
undertaken centered on the assembly plants based on firm
agreements with suppliers concerning the objectives of the
activity. There has been a steady expansion of suppliers
capable of executing the PDCA cycle by themselves.

3. Purchased Parts Quality Assurance Improvement

Activity, Effective for Improving Work Processes

3.1. Overview

JATCO has been increasing production volumes at
overseas plants accompanying the growth of the global
vehicle market. Production of purchased parts is also being
localized overseas based on existing parts manufactured in
Japan. Our partner suppliers are also setting up their own
overseas production plants.

In localizing production operations, we have demanded
that quality levels equal to those of existing parts to be
achieved. Naturally, that involves close teamwork between
our assembly plants in Japan and the overseas plants. In
addition, a clear division of responsibility has been defined
for head office functions, and it has been absolutely
necessary for the mother plant in Japan to provide
guidance and support to overseas plants as shown in Fig. 2.

This activity also involves checking the organization and
systems of suppliers. Using JATCQ's original evaluation
tool, we conduct quantitative evaluations, identify the
strengths and weaknesses of suppliers, and provide support
for helping them to undertake continuous improvement
activity.

One point that is important for suppliers who have
established operations overseas is that they must transfer
the systems and know-how of their domestic plants to
their overseas facilities and ensure that they are managed
effectively. Figure 3 summarizes the key points for
evaluating this mother plant function.

Detail this activity is given below.

(1) Selection of suppliers

In the past, there were instances where defective parts
were delivered because the quality assurance criteria that
the parent companies properly managed in Japan were not
transferred to their overseas plants. In addition, there were
cases where we did not fully confirm detail specification
designed by supplier based on specification requirement
issued by JATCO, which also led to the occurrence of
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defects. Therefore, we selected suppliers for this activity
based on the number of production plants each supplier has
in Japan and overseas, their quality assurance performance
and the candidate parts to be improved, including

manufacturing difficulty level of parts and other aspects.

(2) Details of the activity

The details of the activity are planned together with
the head office members of partner suppliers. A check
is made how head office of suppliers work together
with their subsidiaries. Their head office functions are
confirmed along with verifying the status of measures to
be implemented at their subsidiaries.

In principle, the activity is conducted for a period
of six months. Evaluations are made at the beginning
and end of the activity using JATCO's original quality
evaluation tool. If the quality targets are achieved, the
activity is concluded; if they are not achieved, the activity
is continued.

(1) The organization and work processes of a supplier
are evaluated based on a form for evaluating global
management capabilities (Fig. 4). The strengths and
weaknesses of the supplier are identified on the basis of
the evaluation results.

(2) An activity plan is prepared and executed according
to an agreement between JATCO and the partner supplier
concerning the details of the improvement activity.

(3) A check is made to confirm that the items to be
improved are included in the supplier's organizational chart
or standards documents and other documents, and efforts

are made to thoroughly penetrate the activity.

(4) Activity conclusion

At the end of the activity, a check is made to confirm
that the improvement measures have been implemented
during the course of the activity. If it is recognized that
improvements have been made, the activity is concluded.
The person in charge at the supplier and the JATCO person
in charge decide whether to conclude the activity based on

a mutual agreement.

3.2. Results of the activity

This activity was initiated in the current fiscal year
(FY14) and has already begun to produce results even
though it is still at the trial-and-error stage. There are
some suppliers that have started to transition to their

own independent efforts based on this activity. Some
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suppliers have also formed a dedicated department that
carefully checks and monitors the lateral deployment of
improvement measures at each plant, in addition to the
traditional system for horizontal deployment, and confirms
the results obtained.

In the future, we intend to expand the scope of this
activity and work vigorously with all suppliers to improve
quality. This will be done regardless of the manufacturing
difficulty level of parts and whether supplier is located in
Japan or overseas.

We especially want to extend this activity to suppliers
whose head office is located overseas and strive to improve
quality with them. This is because their organizations and

work processes differ from those of suppliers in Japan.
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Summary JATCO Standard Line (hereafter JSL)
was initiated in 2012 to reform production engineering.
Activities are being promoted to develop JSL for each
part and process with the target of building the fourth
generation of JSL, aiming the world's highest flexibility
by 2020. This article details the JSL activities undertaken
for the machining, heat treatment and assembly lines and
describes the global deployment status of the second-
generation JSL that embodies the concepts envisioned for

the equipment proper and peripheral devices.
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1. Introduction

To become the Global No. 1 Transmission Manufacturer,
it is envisioned that JATCO must expand its production
plants globally and further intensifying its existing
production plants capability as well as undertaking
production line model changes.

Amid this environment, if we had introduced new
production lines without any consistency from a global
perspective with regard to regional, project and market
demand optimization, the results would only be transitory,
and we could not expect any significant improvement
with regard to capital investment, production preparation
lead time, training of skilled employees and ramping up
of production volumes following the start of production
(hereafter SOP). Consequently, we would have to deal with
these issues individually, which would only increase capital
investment and the unnecessary usage of engineering
resources.

For that reason, it became necessary for us to construct

an innovative standard production line that has ample
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competitiveness and can be deployed globally.

In 2012, Production Engineering was principally
responsible for initiating the JSL Work Activity. The
first-generation JSL was installed in the plant of JATCO
Thailand (hereafter JTL) where production began in
2013. The second-generation JSL was installed in JATCO
Mexico's Plant No. 2 (hereafter JMEX #2), the latest
production facility that launched production operations in
August 2014.

2. Overview of JSL Work Activity

The JSL concept consists of the following three concept.
(1) Downsizing of equipment
(2) Capital investment proportional to equipment capacity
(3) Development of equipment capable of handling multiple
models

In order to specify these three concepts more concretely,
the JSL Work Activity defined the following six evaluation
indexes and proceeded with efforts to develop JSL.
1. Line module (production volume per line)
2. Capital investment
3. Flexibility (number of models producible per line)
4. Production preparation man-hours
5. Time needed to achieve the targeted overall equipment
efficiency (hereafter OEE)
6. Area

As shown in Fig. 1, a scenario was created for evolving
JSL through each stage from the 1st generation to the 4th
generation, and efforts have been under way to achieve the
configuration envisioned for each step.

New challenges that have emerged have been tackled
flexibly, including the new technologies created during
the course of the JSL Work Activity. Information has been
shared in the JSL Work Activity while modifying the
scenario as necessary. Moreover, the future direction of the
work has been made clear in the process of validating the

results, and the activities have continued to move forward.
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3. Examples of Activities

This section describes examples of the activities
undertaken for case machining, heat treatment and

assembly.

3.1. Case machining

The challenge of reducing the area for case machining
by half is described here. One critical issue for the global
deployment of production lines is to secure a sufficient
area, including the building floor space, at each overseas
location. Reducing the floor space occupied by the lines
also holds down the capital investment in the plant building
as well as substantially reducing the necessary lead time
when lines are built at many plants. Reducing the area
of the land and building is a crucial issue for facilitating
production at many plants. This issue was resolved by
downsizing the equipment.

Fig. 2 and 3 present examples of transmission case
machining equipment that was downsized by one-half.
By changing the machining facility (general-purpose
machining center) from a horizontal machine to a vertical
one, the projected area, i.e., necessary floor space, was
approximately halved.

Previously, vertical machining centers could not be
adopted for large parts like transmission cases because of
various issues, including insufficient cutting tool movement
stroke and stiffness and inability to increase cutting feed
rates. Conventional vertical machines were also susceptible
to the effects of thermal distortion and chips after cutting
were apt to cause quality issues.

However, for the purpose of downsizing equipment,
in recent years machine tool makers have developed
new headless-type vertical machining centers that
can efficiently expand the machining area. The newly
developed vertical machines achieve longer movement
strokes, higher stiffness and faster cutting speeds. Based
on these new machines, we worked together with machine
tool makers to resolve the quality issue caused by chips
and also reduced the total line area by eliminating work
operations at the side of the machines and revising the
fluid tank structure, among other changes. As a result, we
succeeded in halving the line area by adopting vertical

machining centers.
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Fig. 3 Downsized JSL case machining line
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3.2. Heat treatment

The JSL configured for heat treatment equipment
is shown in Fig. 4. The example in this figure is for
carburizing equipment. Previously, one complete
production module consisted of twelve cells. Increases in
production volumes were handled by successively adding
more 12-cell modules. However, this approach gave rise to
the issue that large capital investments were required when
it was necessary for many overseas plants to expand their
production capacity simultaneously.

Therefore, instead of a continuous carburizing system,
we introduced the concept of a batch processing system
as shown in Fig. 4, which allows the successive addition
of two cells at a time to the original twelve cells. The
adoption of this carburizing equipment makes it possible
to increase the production capacity in incremental steps.

Moreover, it also allows a shorter lead time for preparing
the equipment needed to expand the production capacity.
The basic JSL concept also includes the idea of adopting
equipment specifications that allow operation with the
optimal number of cells and suspending the use of some
cells when the production volume declines. This enables
the production capacity to be fine-tuned to match demand,
and the equipment specifications thus also contribute to

reducing CO, emissions.

OLD H/T line
12 cells/module

JSL H/T line

Be able to add per 2 cells

Fig. 4 JSL heat treatment line with flexible modules
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3.3. Assembly

The incorporation of flexibility in the assembly line is
described here. One key issue in building production lines
suitable for global deployment is to have equipment that
can produce different models simultaneously on the same
line. As the number of customers at each plant increases,
it becomes necessary to increase the number of models
produced. To accomplish that, there is a strong need to
be able to produce models with different specifications
using the same equipment. Moreover, there is rather less
chance that any one of the globally located plants would
have to produce extremely large volumes of the same
specifications, and the shortening of product life cycles is
also resulting in quicker model changes. Therefore, having
dedicated equipment designed to produce only one model
would not secure optimal production volumes, and there
would be a greater risk that production efficiency would
decline drastically.

Therefore, for the JSL assembly line, we undertook
activities to develop flexible equipment capable of handling
multiple models. Fig. 5 shows a specific example of a
flexible press-fit machine developed for that purpose.

For the press-fit process of previous assembly lines,
we used to prepare separate press-fit machines for each
transmission model. However, by adopting a machine
structure that separated the fixed and changeable parts
of the press jigs, we were able to build press-fit machines
capable of handling different models. As a result, 98%
parts and control unit of press-fit were developed as
common for different models. That also contributed to
reducing the total equipment area, which is one of the
concepts of the JSL.

4. Conclusion

The results of the JSL Work Activity are summarized
in Table 1 in terms of the effects of the improvements
achieved for the six indexes. At this point, these results
extend as far as the second-generation, but it is clear that
all six indexes show the effects of large improvements. We

are continuing our efforts to pursue further improvements.

Establishing JATCO Standard Line

Table 1 Effects of six JSL indexes
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5. Final Remarks

This article has described some typical examples of
the activities undertaken to establish JSL. Though not
described here, we plan to expand the JSL concept also
to the casting, forging, pulley assembly and gear lines for
global deployment.

Besides the dramatic improvements achieved in the
six JSL indexes, the JSL Work Activity also helped to
markedly heighten the skills consciousness of Production
Engineering employees. It will be continued in the coming
years as a core activity of the Production Engineering
Department.

Finally, we would like to thank the machine tool makers
and everyone concerned at JATCO for their tremendous

cooperation in promoting the JSL Work Activity.
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Summary Since April 2010, JATCO has been
promoting centralized processing of internal quality-
related data using SONAR, a comprehensive information
application developed by YDC Corporation. This is being
done to advance the production system for promoting
globalization of the company's operations. This quality
improvement system enables company-wide use of quality
information coming from development, manufacturing and
global markets. It was implemented in order to maintain
and improve the quality of JATCO products.

This article describes in detail activities undertaken
to improve quality through the use of Information and
Communication Technology (hereafter ICT) for handling

manufacturing information in the manufacturing Division.
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1. Introduction

Parts machining data and assembly data are used
mainly for quality traceability and quality management
on JATCO's manufacturing lines. Such data must be
thoroughly visible in order to make maximum use of it for
dramatically increasing the speed of quality improvements.
This article describes the new quality improvement system

we have built that anyone can use.

Table 1 ICT issues and measures for improving production

Issues Measures

On-line automatic search system.
Two type of search option.

Part No. to Unit No.

Unit No. to Part No.

To reduce searching time.
Part number

Applied unit number

To control deviation of unit
assembly performance by
watching part spec. deviation.

One-by-one monitoring system.
Relationship between parts spec.
deviation and unit assembly
performance are connected by it.

Deviation data on-line accumulation
and on-line monitoring system for
various control items.

To make automatic control tool
(® | for daily deviation control, that is
easy to use for operators at line.

On-line quality data analyzing
system in which expert know-how
is automatically applied.

To make rapid quality analyze by
@ | utilizing past know-how.

o SR
Quality Planning and Administration Department

o PR BORTRERGR

s ARG R 7Y 2y MEERR

Project Promotion Section, Engineering Management Department

Production Engineering Management Section, Engineering Management Department
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Before
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Search

| Assembly | |Machining
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Output

No system to search for
machining data and assembly
data at the same time

Parts search system

=

2. Activities for ICT Implementation

2.1. Issues and Solutions
Table 1 lists the issues involved in improving
manufacturing quality and the solution applied to resolve

them.

2.2. Structure of a new quality improvement system

We implemented a comprehensive information
application called SONAR as shown in Fig. 1. This system
links together the quality data of the machining and

After
Search for
Factory DB
YDC SONAR \ data all at
.m once.
* Analysis
| Assembly | |Machining e Search

fl

Factory
Integr: DB
| Assembly | | Machining teg ated

Output

Parts search system

=

)

Fig. 1 Configuration of new quality system
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assembly processes performed independently at each plant
and enables various types of data to be combined for analysis.
Features of SONAR

(1) It facilitates easy analysis of related data in different
databases.

(2) It supports high-speed processing of large volumes
of data, enabling data to be visualized or represented in
graphs.

3. Introduction of Main Usage Examples

3.1. Faster identification of parts concerned

Previously, action was taken to identify the parts
concerned whenever a defect occurred in a production
process. However, because there was no link to the parts
search system, it took great amount of time to identify the
parts involved. YDC SONAR makes it possible to search
for a defective part, the transmissions concerned and the
parts lot concerned in a short period of time 1.0 h/item to
0.1 h/item (Fig. 2).
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Before

Process

3.2. Process to obtain traceability between final assembly
data and parts data

Here we will present an example of an analysis of
combined factors against out of specification of gear noise
excitation force. Noise excitation test is conducted with
unit assembly in which certain gear pairs incorporated and
generally gear parts have a large effect on noise stabilizing
excitation force. Therefore, we designed the system so that
noise excitation force data and machining data of gear can
be traced on a one-to-one basis (Fig. 3).

As a result, excitation force data can be linked to
the accuracy data of paired gears, making it possible to
analyze the correlation between gear accuracy and unit
assembly noise excitation forces. In addition, it is also
possible now to monitor changes made to each component
part in relation to the noise excitation force data for
all units. This makes it possible to quickly identify a
particular change as the source of an out of specification of
gear noise excitation force (Fig. 4).

Moreover, accumulated data are used for making
process improvements so as to obtain gear accuracy that
reduces noise excitation force and achieves a small range
of variability (Fig. 5).

Gear A
machining _ Assembly

=

Gear B
machining

Data

Excitation
force E‘

measurement

all at once

Shipping

Excitation
force data

Can’t combine Gear data
with Excitation force data

_

Combination
data

Combine Gear data with
Excitation force data

Excitation
force data

Fig. 3 Improvement of traceability process
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Gear A Gear B
e NG g Combinational analysis
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#2 ,\ #2 ==
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Fig. 4 Combinational analysis
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Fig. 5 Improvement of gear accuracy

3.3. Continuous monitoring of quality control items

Quality data used to be compiled manually, but now
we can immediately share information on defects in
manufacturing processes by conducting an automatic
search at any time. Factor analyses of parts lot data can
also be conducted quickly with respect to 4M (manpower,
machine, material, method) information.

Figure 6 shows the weekly change in the number of out of
specification factors seen in control characteristic values.
The lower graphs show an example of the analysis results
by machine and by parts supplier for the same control
characteristic values. As an example, auto detection for
process capability difference on daily bases has been made
possible by automatic calculation of average value or standard
variation, Cp index by comparing machines such as No. 1
and No. 2, example mentioned below clarifies, that there is
no machine difference and operator on assembly line can

also confirm the difference between two machines easily.

Machine No.

No. 2

1 Pparts

=4 Man

InEmEEEsRngn

Fig. 6 Monitoring factor analysis results
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Fig. 7 Quality analysis menu
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3.4. Standardization of quality analysis

Analysis of driving torque, excitation force, hydraulic
pressure or current flow of the production facilities which
are operational on daily bases are highly important
to assure quality because it automatically facilitates
confirmation of production stability or abnormal trend in
early stage. There is a need to analyze a large amount of
data for quality analysis.

However, in the past, it took great amount of time to
conduct a quality analysis because the methods employed
depended on experienced experts. Therefore, a standard
analysis process was established in order to completely
visualize the quality analysis procedure.

Fig. 7 shows the quality analysis process in the form
of a hierarchical menu. As a result, anyone can promptly
conduct a quality analysis using the same procedure. The
sharing of this know-how will be promoted by deploying
the quality analysis menu at both domestic and overseas

plants.

4. Conclusion

With the utilization of YDC SONAR system, this
quality improvement system thoroughly stratifies and
visualizes the data at manufacturing workplaces, which
dramatically speeds up quality analyses. It has also
contributed to the standardization of quality analyses. In
addition, visualization of daily data fluctuation has made
operators more conscious and it has become driving force
for promoting quality improvement activities.

We intend to deploy this quality improvement system
not only in domestic plants but also expand its application
globally. Moreover, we want to continue to develop the
system for the purpose of promoting activities to improve
quality even further.

Finally, we would like to thank YDC Corporation and
all of the people involved at JATCO for their tremendous
cooperation regarding the implementation of this quality

improvement system.
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Introducing Jatco CVT8 (JFO16E) for Mitsubishi RVR
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Fig. 1 Main cross-sectional view

The 2015 Mitsubishi RVR compact SUV, adopted
Jatco CVT8 (JFO16E), was released in Russia in January
2014. Subsequently, it is expanded to car models sold in
North America, Japan, Australia and other markets.

The JFO16E features low friction and wide ratio
coverage, which deliver both high fuel economy and
excellent power performance. For use in the North
American market in particular, Mitsubishi Motors and
JATCO worked together to fine tune the shift performance
in response to the need for high driveability with emphasis
on acceleration performance. As a result, the performance
target was attained, and this transmission is highly popular

with customers.

Table 1 Specifications of Jatco CVT8 (JFO16E)

Torque capacity 190.9 Nm

Control system Electronic

Torque converter size 236 mm dia.

Pulley ratios Low 2.631
High 0.378

Ratio coverage 7.0

Final gear ratio 6.026

No. of selector positions 4 (P,R,N, D) + Sporty
mode

Overall length 366 mm

Weight (wet) 91.5kg

M Typical model fitted with the JFOI6E CVT Il
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Introducing Jatco CVT7 (JFO15E) for Suzuki Celerio
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Fig. 1 Main cross-sectional view

The Jatco CVT7 (JFOI5E) is mounted on the new
Suzuki Celerio that was released in Thailand in May 2014.

Built with a unique structure that incorporates an
auxiliary transmission, the Jatco CVT7 features the
world's widest ratio coverage. It provides both enhanced
quietness during high-speed cruising and excellent fuel
economy, while also ensuring quick start-off response
and outstanding acceleration performance. The Jatco CV7
greatly helps the Celerio achieve fuel efficiency of 5 L/100
km, thereby complying with the fuel economy requirement

of Thailand's eco-car project.

Table 1 Specifications of Jatco CVT7 (JFO15E)

Torque capacity 100 Nm

Control system Electronic

Torque converter size UUF 185 mm dia.

Counter gear ratio 0.968

Pulley ratios 2.200-0.550

Ratio coverage 7.3

Auxiliary transmission 1" Fwd: 1.821

gear ratios 2" Fwd: 1.000
Rev: 1.714

Final gear ratio 3.882

No. of selector positions 5

Overall length 349.2 mm

Weight (wet) 64 kg

B Typical model fitted with the JFOISECVT Il

Celerio
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Introducing JR711E 7-speed AT for Nissan NP300 Navara
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Fig. 1 Main cross-sectional view

The NP300 Navara, a new 1-ton pickup truck released
in July 2014 adopted JR711E 7-speed AT for RWD models.
Offering outstanding fuel economy and acceleration
performance as its primary features, the NP300 Navara
ranks at the top of the 1-ton pickup truck class in fuel
efficiency.

The JR711E, featuring a low-stiffness lockup damper
and the latest control technology, is mated to a new
4-cylinder diesel engine. This powertrain combination
provides excellent fuel economy and improved acceleration
performance in the low-speed range and wider gear ratio
coverage for obtaining broad speed ranges. Additionally,
it delivers seamless acceleration and a smooth shift feel.
These qualities have drawn enthusiastic praise from

customers.

Table 1 Specifications of JR711E

Torque capacity 600 Nm
Control system Electronic
Torque converter size 260 mm dia
Gear ratios 1st 4.887
2st 3.170
3st 2.027
4st 1.412
Sst 1.000
6st 0.864
st 0.775
Rev 4.041
Ratio coverage 6.31
No. of selector positions 4 (P,R, N, D) + manual
shift mode
Overall length 765 mm
Weight (wet) 101 kg

B Typical model fitted with the JR7IIE AT

NP300 Navara
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Introducing Jatco CVT8 (JFO16E) for Nissan Juke
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Fig. 1 Main cross-sectional view

The Jatco CVT8 (JFO16E) is fitted on the Nissan Juke
that was released first in Europe in August 2014 after the
execution of a minor model change, followed by launches
in Japan and North America.

Thanks to its distinctive features of low friction and
wide ratio coverage, JFO16E contributes greatly to a further
improvement in fuel economy compared with the JFO11E
that was mounted on the previous Juke model. The Juke's
turbo engine has been improved to deliver higher torque
from the low speed range. Together with that improvement,
the new Dynamic Step Shift Control (D-STEP) software
adopted for the JFOI6E provides a much more enjoyable
feeling of acceleration, which is highly popular with

customers.

Table 1 Specifications of Jatco CVT8 (JFO16E)

Torque capacity 240 Nm

Control system Electronic

Torque converter size 236 mm dia.

Pulley ratios 2.631-0.378

Ratio coverage 7.0

Reverse gear ratio 0.745

Final gear ratio 5.694

No. of selector positions 4 (P-R-N-D ) + Manual
shift mode

Overall length 362.9 mm

Weight 90.5 kg

B Typical model fitted with the JFOI6ECVT W
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Introducing Jatco CVT7 (JFO15E) for Nissan Qashqai
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Fig. 1 Main cross-sectional view

The Qashqgai SUYV, released by Nissan in October
2014, is adopted with the Jatco CVT7 (JFO15E) featuring
an auxiliary transmission. Fitted with Dynamic Step
Shift Control (D-STEP), the Qashqai provides a shift feel
matching human sensibilities. Slip lockup control is used
at start-off to improve the directly connected feel of highly
responsive acceleration performance. In addition, stop/start
control also achieves class-leading fuel economy. These
qualities are highly popular with customers.

Table 1 Specifications of Jatco CVT7 (JFO15E)

Torque capacity 165 Nm

Control system Electronic

Torque converter size 205 mm

Pulley ratios Low 2.200
High 0.550

Ratio coverage 7.3

Final gear ratio 3.882

No. of selector positions 7

Overall length 361.2 mm

Weight (wet) 68.9 kg

B Typical model fitted with the JFOISECVT W
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Introducing Jatco CVT8 (JFO17E) for Nissan Murano and Quest
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Fig. 1 Main cross-sectional view

The Jatco CVTS8 High Torque (JFO17E) unit is fitted
on the updated Nissan Quest released in North America
in October 2014 and on the new Nissan Murano released
in the same market in December last year. The Quest
underwent a minor model change while the Murano
underwent a full model change.

Thanks to its distinctive features of low friction and
wide ratio coverage, the JFO17E achieves both high fuel
economy and excellent power performance compared with
JFO11E that was adopted in earlier model. In addition, it
also adopts the new Dynamic Step Shift Control (D-STEP)
software that provides a markedly more enjoyable feeling

of acceleration, which is highly popular with customers.

Table 1 Specifications of Jatco CVT8 High Torque (JFO17E)

Torque capacity 350 Nm

Control system Electronic

Torque converter size 250 mm dia

Pulley ratios 2.413-0.383

Ratio coverage 6.3

Final gear ratio Murano: 4.688
Quest: 5.250

No. of selector positions

Murano 4 (P-R-N-D) +
Manual shift mode
Quest 5 (P-R-N-D-L)

Overall length

370 mm

Weight

1013 kg

B Typical models fitted with the JFOI7E CVT Il

Murano
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Introducing Jatco CVT7 (JFO15E) for Suzuki Alto
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Fig. 1 Main cross-sectional view

The Jatco CVT7 (JFOI5E) has been adopted on
Suzuki's FWD models since the Hustler was released in
December 2013. This is CVT is used with a stop/start
system without an electric oil pump, thereby providing
both improved fuel economy and excellent start-off
acceleration performance, which have been highly praised
by customers.

JFO15E adopted on Alto released in December 2014,
have an improved belt for enhanced efficiency, which is
built with world-first new manufacturing technique. It
also features a higher final gear ratio. Both improvements

contribute to a further fuel economy gain.

Table 1 Specifications of Jatco CVT7 ( JFO15E)

Torque capacity 100 Nm

Control system Electronic

Torque converter size UUF 185 mm dia.

Counter gear ratio 1.178

Pulley ratios 2.186-0.553

Ratio coverage 7.2

Auxiliary transmission 1" Fwd: 1.821

gear ratios 2" Fwd: 1.000
Rev: 1.714

Final gear ratio 345

No. of selector positions 5

Overall length 343 mm

Weight (wet) 62.5 kg

B Typical model fitted with the JFOISECVT Il
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Highlights of the Past Year

1. 2014 SAE World Congress
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1.2014 SAE World Congress

JATCO employees gave technical presentations at
the SAE World Congress held in Detroit, Michigan,
USA from April 8-10, 2014 and JATCO set up a booth
with technical exhibits. The technical presentations were
entitled “Development of Jatco CVT8 Hybrid for Infiniti
JX and Nissan Pathfinder,” “Development of High Torque
Capacity Variator System for CVT,” and “Method of
Computer-Aided FTA (Fault Tree Analysis) in Reliability
Design and Development.” All of them were well received
by the attendees. JATCO's booth was visited by many
attendees during that period, attracting some 500-600

visitors, particularly engineers from U.S. automakers.

2.JATCO hosts The Fifth Japan-China Advanced Forum
on Tribology

The Fifth Advanced Forum on Tribology 2014 was
held at JATCO's head office, Japan on April 13-14, 2014,
sponsored by the Japanese Society of Tribologists and the
Tribology Institute of the Chinese Mechanical Engineers
Society. This forum was hosted by JATCO at the foot
of Mt. Fuji, which is registered as a World Heritage site,
because the company is a leading manufacturer of CVTs
that transmit power by means of a belt and pulley system,
which is one typical example of tribological technology.
Over 100 attendees participated in the forum, which
featured 21 technical presentations and three poster

presentations concerning cutting-edge technologies given
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by experts in related fields from Japan and China as well as
company exhibitions displayed by 25 companies, JATCO
also made plenary speech, technical presentation and
exhibited it's products which was well received by other

participants.

3. Lecture on CO, emission reduction technology at Seoul

National University

President of JATCO Korea Engineering Corp. (JKE)
gave a lecture at the Graduate School of International
Studies, Seoul National University on April 21, 2014.
This was the second lecture program to be organized
cooperatively by the Seoul Japan Club (the largest Japanese
community organization in South Korea) and the Institute
for Japanese Studies at Seoul National University. The
speakers were the chief executives of Japanese companies
located in Seoul. JKE President's lecture was entitled
“Efforts to Reduce CO, Emissions using the Automotive
Transmission,” and he emphasized how JATCO's
technologies are contributing to the reduction of CO,
emissions.

He also gave a lecture concerning the stop-start system
and other technologies at Dong-Eui University in Busan on
October 7. He was invited to speak there by the Leaders in
Industry-University Cooperation (LINC), an organization
that promotes industry-academia collaboration.

4. JATCO France opens Spain Branch

JATCO France SAS held an opening ceremony for
its newly established Spain Branch (hereafter JF Spain
Branch) on May 12, 2014. JF Spain Branch has its office
on the premises of Nissan Technical Center Europe

in Barcelona and is responsible for testing and quality
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assurance activities for CVT projects in Europe. The
establishment of this branch, started with four employees,
provides an organization capable of responding to

customers in a timelier manner.

5. Cumulative production of 5-speed ATs for RWD

vehicles reaches 5 million units

Cumulative production of the JRS07E/JR509E 5-speed
ATs, which went into production in November 2000 for
use on RWD vehicles, reached five million units on May
19, 2014. A ceremony was held at the Fujinomiya Plant,
Japan on June 16 to celebrate this milestone. During the
intervening years, the Fujinomiya Plant suffered extensive
damage in the 2011 Fujinomiya Earthquake, including
the collapse of equipment and damage to the building.
However, production was resumed in a short span of
approximately two weeks owing in part to the results of
persistent efforts to build a crisis management system
and to conduct regular training. The JRS07E/JR509E
continue to be mounted today on vehicles used under tough
conditions, including the NV350 Caravan, Armada and
Patrol, among others, and their high quality has earned the
trust of customers.

6. Activities to spread CVT technology in China

This year also JATCO (Guangzhou) Automatic
Transmission Ltd. (hereafter JATCO Guangzhou)
carried out various activities to spread CVT technology
in China. Together with Nissan (China) Investment Co.,
Ltd. (NCIC), it participated in a CVT technology briefing
held for the Suzhou Center of the State Intellectual
Property Office (SIPO). This was the third briefing to be
held following one in fiscal 2012 at SIPO's headquarters
in Beijing and one for SIPO's Guangzhou Center in
fiscal 2013. JATCO Guangzhou also participated in the
Powertrain Technologies Forum sponsored by the 21st
Century Business Herald in Beijing on July 11. JATCO's
CVT technologies attracted strong interest among the
Chinese automotive experts and representatives of
major media companies who were invited to the event.
Moreover, JATCO Guangzhou took part in the 4th CVT
Technology University Seminar sponsored by Bosch
China at Chongqing University on October 30. Technical
presentations and an exhibition were carried out together

with Nissan Motor Co., Ltd. on the theme of “Discovering
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the Attractive Qualities of CVTs.” These activities
emphasized the attractive features of CVTs to the seminar

attendees.
7. Participation in the VDI Transmission Conference

A JATCO executive delivered JATCO's first Plenary
Lecture at the VDI Transmission Conference held in
Friedrichshafen, Germany on June 24-25, 2014. VDI stands
for Verein Deutscher Ingenieure (Association of German
Engineers). He presented concrete data to demonstrate
the superiority of CVTs over stepped transmissions. An
attendee from a U.S. automaker also gave a technical
presentation from the same perspective. Recognition
of CVT superiority in fuel economy is becoming well-
established. Other JATCO presentations described the
latest technologies adopted in Jatco CVTS8 Hybrid and the
latest techniques used in testing CVTs for noise, vibration

and harshness (NVH) performance at the time of shipment.

These presentations were well received by the attendees.

8. Nissan Xtronic CVT Automagic—CVT campaign in
India

JATCO cooperated with Nissan India's CVT campaign
that was held every weekend on Saturday and Sunday
from August 30 to September 29, 2014. This campaign
was conducted to coincide with the months of September
and October when vehicle demand increases in India.
Campaign events were carried out in five cities: Mumbai
in the West; Bengaluru, Chennai and Kochi in the South;
Delhi in the North.

The percentage of cars fitted with an Automatic
Transmission (AT) is lower than 10%. In recent years,

interest in AT has been rising as automakers have been
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introducing new 2-pedal transmissions. At each event,
JATCO employees explained CVT technologies with
respect to their smoothness, excellent fuel economy and
operating principle along with giving a general overview of
the Jatco CVT7. The audience at each location expressed
an enthusiastic interest in CVTs.

9. Opening ceremony for JATCO Mexico's second plant

JATCO Mexico (hereafter JIMEX) held an opening
ceremony on September 10, 2014 for its newly completed
second manufacturing plant. Among the 350 guests and
JMEX employees attending the ceremony were Mexico's
Minister of Economy and the Governor of Aguascalientes
State. Located close to Nissan's second vehicle assembly
plant, JMEX's second plant produces the Jatco CVT8 and
the Jatco CVT8 Hybrid. Total capacity of both plants will
be 1.7 million units annually. JMEX is first overseas plant
of JATCO group established in 2005 Autumn. JMEX is
producing approximately 20% out of JATCO's total global

production volume and it is an essential plant to supply
CVTs in NAFTA region.

10. JATCO Guangzhou received several awards

In 2013, JATCO Guangzhou was named to the list
of “Best 500 Companies in Guangdong  and won a
“Guangdong Distinguished Company” award. In 2014
as well, JATCO Guangzhou received 3 other awards in
recognition of JATCO's activities as a good corporate
citizen.

First is “Innovation Capability Award” in the category
of “2014 Innovation Award for Promoting Development
of the Chinese Automotive and Parts Industries” given

by “Cars and Parts,” a famous car magazine in China
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On September 28 for high evaluation given to the
environmental friendliness of CVTs. Second is, “‘Award
for Company observing Contracts and Trust™ also received
in September. It was honored on the bases of monitoring
carried by Commerce and Industry Department of
Guangdong Province in a long-term. The trust given to
JATCO Guangzhou by society was highly evaluated for
this award. Third is , In November, “Award for Outstanding
Trustworthy Company of Guangdong Province” by the
Guangdong Province Association of Manufacturers,
Guangdong Province Federation of Modern Service
Industries and Guangdong Province Corporate Credit
League. This award is given to encourage enterprises with
integrity, self-sufficiency and trustworthiness.

11. JATCO's first exhibits at the Paris Motor Show 2014

JATCO participated for the first time in the Paris
Motor Show held at Paris expo Porte de Versaille, France
over a 16 days period from October 4-19, 2014. The show
attracted over 1.25 million visitors and large numbers of
people visited JATCO's booth.

On display at JATCO's booth were the company's
leading products such as the Jatco CVT7, Jatco CVT8
and Jatco CVTS8 Hybrid, among others. These exhibits
emphasized to visitors that JATCO's technologies can
contribute to society while meeting the European market's
CO, emission regulations which are expected to become

increasingly strict in the years ahead.

12. Double winner of General Motors Supplier Quality

Excellence Award

The Kakegawa Plant that delivers the 4-speed AT
for FWD vehicles (JF414E) and Fuji Area No. 1 Plant
that delivers the Jatco CVT7 (JFO15E) to GM Korea
were presented with a General Motors Supplier Quality
Excellence Award for 2014. This award is presented
to suppliers for delivering products of exceptionally
high quality and for maintaining good level of quality.
Kakegawa Plant won its third award in three consecutive
years. Fuji Area No. 1 Plant, which began deliveries in
May 2013, received its first such award in its initial fiscal
year of deliveries in recognition of the high quality of the
Jatco CVT7.
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13. Opening an avenue for CVTs at the CTI Symposium in
Berlin

JATCO President and CEO Terry Nakatsuka
delivered a presentation in the Plenary Session at the 13th
International CTI Symposium held in Berlin, Germany
from December 8-11 2014. The symposium was attended
by over 1,300 attendees, an increase of 20% over the year
before, from 20 countries. Initiated by the Car Training
Institute (CTI) in 2003, this event focuses on the latest
trends in automotive technologies. In addition to Berlin,
the symposium is also held in China and the U.S.

His presentation focused on superior environmental
performance of CVTs, as well their smoothness and that
they deliver an enjoyable driving experience matching to
drivers' wishes. These features are the reason why latest
CVTs are being well accepted in the European market.
Furthermore, he emphasized that CVTs can play a central
role in energy management in vehicles in the future. His
presentation drew high praise from the audience.

JATCO employees also presented two technical
presentations about CVT technologies. Moreover,
JATCO executives served as chairmen of three sessions,

contributing to the exchange of technologies in the

transmission world.

14. JATCO exhibits at the first Automotive Engineering
Exposition held in Nagoya

JATCO presented a booth at the 2014 Automotive
Engineering Exposition Nagoya, organized by the Society
of Automotive Engineers of Japan, Inc. at the Nagoya
International Exhibition Hall (Portmesse Nagoya) over
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a two-day period of December 11-12, 2014. In addition
to the annual exposition held in Yokohama in May, this
was the first time for the event to be organized in Nagoya.
The number of visitors during the two-day period was
around 30 thousand. Displayed at JATCO's booth were
the Jatco CVT7, Jatco CVTS and the Jatco CVTS8 Hybrid,
representing the company's leading products. Large
numbers of visitors came to the booth because the event
was held in Nagoya area where many automobile-related
companies are located. Many visitors listened intently to
the explanations given by the booth attendants and showing
their deep interest in JATCO's products.
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[SUMMARY OF THE INVENTION]

A continuously variable transmission of the present
invention includes a variator capable of varying a speed
ratio continuously, and a subtransmission mechanism
provided in series with the variator. When an actual
through speed ratio passes a predetermined mode
switch speed ratio, a transmission controller performs
a coordinated shift in which a gear position of the
subtransmission mechanism is changed and a speed
ratio of the variator is varied in an opposite direction to
a speed ratio variation direction of the subtransmission
mechanism. When the rapid deceleration is determined, the
transmission controller controls the gear position of the
subtransmission mechanism to the first speed and shifts
the variator toward the lowest speed ratio at a maximum

shift speed.
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prevent an excessive increase of the controlled variable.
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