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Thinking About Automated Driving
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Perhaps one of the most talked about automotive
technologies in 2013 was automated driving or
autonomous driving. Both terms are widely used in
English. However, autonomous means that a human
driver is not involved in the operation of the vehicle; the
vehicle itself judges the situation and determines what
driving operations to execute. In contrast, automated
can be said to be a different concept in that a human
driver is still involved in the operation of the vehicle.

In November 2013, I attended the FISITA World
Automotive Summit that was held in Mainz,
Germany. The theme of the 2013 conference was:
"Can autonomous vehicles make traffic accidents a
thing of the past?"

However, all of the speakers substituted automated
for autonomous in their presentations on this theme.
Before any discussion on whether or not autonomous
vehicles are effective in preventing traffic accidents,
the issue of the reliability of autonomous driving and
the vague notion of the vehicle handing over driving
tasks to the driver seemed to be the reasons for this
word substitution.

Dr. Frank Flemisch of RWTH Aachen University
in his presentation at the FISITA Summit noted that,
depending on the degree involved, automation can be
classified into five levels: "manual, assisted, semi-
automated, highly automated and fully automated."

Automation begins with the provision of driving
support to the driver. The level of support provided
continues to become more sophisticated. Even
emergency driving maneuvers are less apt to fail at the
highly automated level than at the semi-automated
level. Quite the contrary, with highly automated
support, the driver feels that driving is enjoyable, rather
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than having the impression of being supported. This has
reportedly been substantiated by experimental results.

Then, what is the value of automated driving?

From the perspective of today's motorized society,
we can expect the prevention of traffic accidents
including the avoidance of collisions, the elimination
of traffic jams through platoon driving and
coordination with the traffic infrastructure, and
improved fuel economy and reduced CO, emissions
as a result of preventing sudden driving operations
and the mitigation of traffic congestion. However, at
the fully automated level, driving pleasure may be
reduced, and the driver's workload may be lessened.

On second thought, JATCO's products are
automatic transmissions. The things we have aspired
to develop over the years are in accord with the
concept of automated driving described above.

The history of automatic transmission technology
began with the transmission providing support
through the execution of shifting operations in place
of the driver. Along with the progress of this
technology, the value it provides has also been
significantly expanded. Not only does the automatic
transmission perform shifting operations, it also
delivers driving pleasure with feelings of acceleration
and deceleration matching the driver's expectations.
What is more, it achieves fuel economy surpassing
that of manual transmission vehicles.

The special feature of this issue No. 13 focuses on
the CVT8 Hybrid, which incorporates an innovative
motor system. The CVT8 Hybrid expands the scope
of automated to encompass coordination with the
vehicle's electrified system. Today's two-pedal
transmission technology can truly be said to be at the
highly automated level.

Then, what is a fully automated two-pedal
transmission? And what is a two-pedal transmission
for autonomous driving? At JATCO, we are
considering our future mission with passion as we
seek to realize this human dream of mobility.
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M To keep the atmospheric concentration of CO2 below 450 ppm, it is estimated that
CO2 emissions from new vehicles must be reduced by 90% from the 2000 level.
B Reducing emissions by 90% requires:
® Improvement of engine efficiency in the short term.
® Promotion of vehicle electrification and conversion to renewable energy over the
medium to long term.
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Fig.1 Long-term vision for reducing CO, emissions
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1. Introduction

In December 2006, Nissan announced the Nissan
Green Program 2010 (NGP 2010) that set forth the
company's long-term vision for reducing CO.
emissions from new vehicle models by 90% compared
with the 2000 level by 2050 (Fig. 1). For vehicle power
sources supporting sustainable mobility, we have been
pursuing the development of "Zero Emission”
technologies in parallel with "PURE DRIVE"
technologies for internal combustion engines (Fig. 2).

This article presents an overview of Nissan's
powertrain technology development strategy for the
special feature on hybrid technologies in this issue of
the JATCO Technical Review.

B Nissan’ s sustainable mobility technologies will
be launched continuously under this concept!

Emissions Power Source Umbrella Concept

Zero
Emission

100% Electric

Petrol

Low CO2 Diesel

(Low Fuel Consumption)

Fig.2 Nissan's concept of sustainable mobility

2. Demands for CO, Reduction and Energy
Diversification

The debate over global warming has been going on
for many years now. It is said that the concentration
of CO: in the atmosphere reached approximately 370
ppm in 2010, whereas it was roughly 270 ppm around
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B Vehicles are used under various conditions in real-world driving.
B COz2 reduction is being pursued from several approaches.

Summer,

Fig.3 CO, reduction in real-world driving
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the time the Industrial Revolution began. These
figures indicate that the atmospheric concentration of
CO:; has increased sharply due to fossil fuel use.

According to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC),
total CO, emissions worldwide must be halved in
order to keep the earth's atmospheric temperature
from rising more than 2°C compared with that before
the Industrial Revolution. While leaving the
controversy about the relationship between CO,
emissions and global warming to the experts,
approximately 20% of CO, emissions from all
industrial sectors are transportation-related. There is
no doubt that reducing CO. emissions for the sake of
sustainable growth is one of the major challenges that
the automotive industry must address in the
foreseeable future.

Meanwhile, efforts to promote energy
diversification are proceeding on account of the sharp
increase in energy consumption accompanying
explosive population growth and from the perspective
of securing stable energy supplies. It is projected that
energy diversification will be accelerated further
especially by the recent shale gas revolution in the
United States, in addition to moves toward biofuels.
Efforts to accommodate diversified energy sources
should not be forgotten in the course of advancing the
reduction of CO, emissions.

3. Efforts to Reduce CO, Emissions

Nissan's long-term target mentioned above for
reducing CO, emissions is an exceptionally high goal.
Furthermore, in working to reduce CO, emissions, it
is necessary to achieve reductions especially under
real-world driving conditions (Fig. 3). That means CO.
reduction performance must be demonstrated not only
in diverse driving situations such as congested roads,
city streets, suburban roads and mountain roads, but
also under a wide variety of temperature conditions.
Improvements at the vehicle level alone are not
sufficient for accomplishing that. Wide-ranging
activities encompassing drivers and the traffic
infrastructure are indispensable (Fig. 4). At Nissan we
refer to this comprehensive action as our "Triple
Layered Approach" in which we are advancing the
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B Nissan is pursuing a Triple Layered Approach
for efficient CO2 reduction in real-world driving.

Reducing traffic jams

« Fuel consumption meter

« Eco-driving advice, etc.

Fig.4 Nissan's Triple Layered Approach
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B Several paths to improve powertrain efficiency.
B A powertrain approach is essential to clarify the effectiveness of
each technology used in combination.

nPT=nENGXnTM

Technical limit of engine

O3

Y
£5)

Technical limit of
transmission

Engine efficiency n ENG (%)

Transmission efficiency nT/M (%)

Fig.5 Powertrain approach
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development of suitable technologies at each level.
We have developed many technologies in line with
this approach, some specific examples of which
include the ECO Pedal system, a navigation-
cooperative powertrain control system and a route
guidance system that avoids traffic congestion. It will
be essential to continue such comprehensive activities
in the coming years as well.

The following sections describe the direction and
concepts envisioned for powertrain evolution in the
coming years, focusing on conventional powertrains
with internal combustion engines, which will continue
to be the mainstream power sources in the foreseeable
future.

4. Future Evolution of Conventional Powertrains

In the evolution of powertrains to date, engines and
transmissions have tended to evolve individually and
separately. As can be seen in the example of
continuously variable transmissions (CVTs), the
transmission efficiency of CVTs at fixed operating
points is not necessarily higher than that of other types
of transmissions. However, CVTs are superior to other
transmissions in facilitating flexible control of engine
operating conditions, enabling the powertrain to
display outstanding performance in terms of overall
efficiency (Fig. 5). In other words, it is very important
to assess powertrain evolution by looking at total
efficiency, rather than separately evaluating the
thermal efficiency of the engine alone and the power
transmission efficiency of the transmission.

The evolution of conventional powertrains for
improving fuel economy can be explained in terms of

B The competitiveness of all power source technologies
must be improved to achieve the CO2 target.

Conventional PT HEV Plug-in HEV
Energy loss Regenerate lost Use renewable
reduction energy energy
= off
2 -
<] o
&= —
PENN T =
88 rema— @1 5
§C T = } g )
2 < ' 5
s & o .
c = EC
£5 O (@) 0
(0]
— .
Power source evolution = é‘gg

Fig.6 Power source evolution
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three stages (Fig. 6).
The first stage involves thoroughgoing reduction of
energy losses.

Higher compression ratios are applied to
improve the thermal efficiency of engines, and
various technologies are used to reduce mechanical
losses, among other improvements. The reduction
of energy losses contributes to improving
powertrain efficiency in every stage.

The second stage involves thoroughgoing recovery of
lost energy.

With regard to recovering lost energy, hybrid
vehicles have so far been the mainstream
technology for recouping kinetic energy during
deceleration. In the future, it will be necessary to
develop the technology for recovering exhaust heat
energy from the engine, which accounts for the
greater part of the lost energy.

The third stage involves improving efficiency further
through the use of external energy.

Total efficiency can be improved by using
external energy that has been produced with very
high efficiency. In addition, increasing the frequency
of steady-state engine operation can be expected to
boost overall powertrain efficiency markedly.

Each stage has its technical limits for improving
efficiency and reducing CO; emissions, and the
technologies applied also become more difficult to
achieve as one draws closer to those technical limits.
Sooner or later, the technical hurdles in each stage
must be surmounted in order to further improve
powertrain efficiency in the future. Moreover, taking
a look at global markets, we see that different types of
powertrains coexist over long periods of time in each
stage. In other words, it is extremely important to
advance the evolution of powertrains efficiently in
every stage globally with respect to putting products
on the market.

5. Evolution of Hybrid Vehicles

Many different types of hybrid vehicles have been
commercialized to date, but all hybrid vehicle
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architectures can be diagrammed as shown in Fig. 7.
While an electric motor offers large degrees of
freedom for operation, the transmission which
transfers power mechanically is superior with respect
to transmission efficiency itself. One very interesting
point is that despite the progress of electrification, the
transmission still plays a vital role in all of the
different hybrid configurations. There is no doubt that
the transmission will remain one of the key
technologies not only in the first and second stages,
but also in the final third stage as well.

6. Nissan's Concept of Powertrain Evolution

The one-motor two-clutch hybrid system that
Nissan has put on the market so far can be used
effectively and efficiently as a technological asset in
all three stages from the first to the third. Together
with effective use of the battery, inverter, electric
motor and other technological assets of electric
vehicles in which Nissan enjoys global leadership, we
are confident that we can keep on supplying attractive
and competitive powertrains efficiently and
continuously (Fig. 8).

W Utilize EV and ICE/CVT technological assets effectively to develop 1M2C.
B 1-motor 2-clutch hybrid is a simple and effective system that will be
used throughout powertrain evolution in the future.

Powersource Evolution

Conventional powertrain

- .

1-motor 2-clutch Hybrid

Plug-in Hybrid
Short trips  Long trips
ZEV driv HEV drive

CVvT

| Engine

EV Technology Visfar

& O\

l Electrical components

Larger Li-ion Chgrlger

"~k

Specific components

Li-ion
battery

y

Fig.8 Power source evolution

7. Conclusion

Without a doubt, reduction of CO, emissions and
energy diversification will continue to be major
challenges for the automotive industry in the future. It
is expected that electric vehicles and fuel cell vehicles
will become major players over the long term, but the
progress of technology and the speed at which
products can be commercialized will also be key
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factors here. In this regard as well, conventional
powertrains must also continue to play a key role.

As mentioned above, it is clear that the role of the
transmission will be increasingly important in
powertrain evolution in the future for both
conventional and electrified systems. That means the
expectations for JATCO's technology development
team will only continue to rise. We want to continue
to develop attractive powertrain systems that are
closely integrated with the engine.

At the same time, in addition to environmental
performance, we must not forget the driving pleasure
and joy of exhilarating acceleration inherent in
vehicles. The challenge of continuing to attain high
future goals without sacrificing the pleasure derived
from operating a vehicle is the mission and also
strong motivation for all of us involved in developing

powertrain systems.
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1. Introduction

A one-motor two-clutch (1M2CL) full hybrid
system (JR712E) for rear-wheel-drive (RWD)
passenger vehicles was developed around a 7-speed
automatic transmission and mounted on the Infiniti
M35 Hybrid released in November 2010. In addition
to that RWD hybrid transmission, the Jatco CVT8
Hybrid was developed for use on midsize to large
front-wheel-drive (FWD) vehicles and put on the
market in November 2013. These units give Nissan
Motor Co., Ltd. and JATCO a complete lineup of
hybrid vehicle transmissions based on the two
companies' unique 1M2CL hybrid technology.

Approximately 15 years have passed since the first-
generation Prius appeared in 1998 as the first mass-
produced hybrid vehicle. At present, automakers have
put on the market many different hybrid technology
systems. Among them, the IM2CL system we released
is lightweight and achieves high efficiency. However,
other competitors had also refrained from adopting
this type of system as a mass-produced technology
because of the control complexity stemming from its
simple architecture, among other reasons. The road to
the development of this system was extremely
arduous. It took nearly eight long years, including the
stage of advanced engineering that began in 2005. In
this article, I will briefly look back on the challenges
we faced in developing this system.

2. Selection of a Hybrid System

In 2005, Nissan and JATCO initiated full-scale

advanced development work on a hybrid system,
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having concluded that we needed to develop one
independently. At that time, Nissan was planning to
put on the market a FWD hybrid passenger vehicle
using the hybrid system obtained from another
company as the core powertrain unit. That is the
reason why Nissan and JATCO independently
developed a hybrid system for use on RWD vehicles
first.

Based on the results of advanced assessments of
various systems at that time, the one we finally
selected and began developing was the IM2CL
system, which was the most outstanding system in all
performance parameters in every direction of the
evaluation diagram (Fig. 1). In making that selection,
we naturally emphasized cost and fuel economy and
also acceleration performance, which is indispensible
to the attractive performance of a RWD passenger
vehicle. It is well known that the Infiniti M35 Hybrid
(Nissan Fuga in Japan) was subsequently recognized
by Guinness World Records as the fastest accelerating
mass-produced hybrid at the time of its release (Fig. 2).

C
¢

BURSTING WITH 5
N 5 VinzinG NEW RECORDS

Fig.2 Infiniti M35h sets world hybrid acceration record
PUBLISHED SEPTEMBER 21, 2011

Needless to say, the DNA underlying that
performance was then further refined and continued
by the Infiniti Q50 Hybrid (Skyline in Japan).
According to Nissan's in-house measurement, the
Infiniti Q50 Hybrid further shortened the M35's 0-60
mph acceleration time by 0.4 sec.

In recent years, a hybrid system has also been
defined in the rules and regulations governing F1
racing, the 24 Hours of Le Mans and other car racing
events. The configuration of the system resembles the
architecture of our 1M2CL parallel full hybrid. The
shared elements of this concept include such
advantages as a simple, lightweight design and a high
percentage of components carried over from existing
transmissions.
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Then, in 2010, we began full-scale development of
a hybrid system for use on FWD passenger vehicles.
The system continued the component technologies
accumulated in the 1M2CL system on the Infiniti
M35 Hybrid and combined them with a CVT,
representing one of JATCO's recognized strengths.
The CVTS8 Hybrid was launched in 2013 as the
world's first IM2CL system to be based on a CVT
(Figs. 3 and 4).

— Inverter
-
LU
RWD Hybrid
Clutch 1 X Cluteh:2
Electric Motor
F,. — Engine
—_—
Inverter
FWD Hybl’id Flywheel Damper

=2 =% Clutch-1
% Electric Motor
Clutch-2
e Pulleys and Belt

Li-ion Battery

Fig.4 Comparison of RWD and FWD hybrid systems

As mentioned earlier, many different types of
hybrid systems have been put on the market by
various companies, but only the systems that best
meet market needs will survive, while the others will
eventually be eliminated through natural selection.

In the process of commercializing battery electric
vehicles (BEVs) and fuel cell electric vehicles
(FCEVs), it is expected that series hybrids and range-
extending EVs will appear. Because the electric
motor on these vehicles will be the direct power
source, there is a strong possibility that the system for
transmitting driving force will be further simplified.

On the other hand, I am confident that internal
combustion engines with high energy density and
transmissions capable of eliciting the engine's
maximum efficiency as well as parallel hybrid
systems based on these units will continue to grow in
the coming years. That will be true for midsize to
large vehicles for which there are strong needs in
long-distance intercity travel and sporty driving. It
will be necessary for JATCO to increasingly refine
our IM2CL hybrid system so that it can continue to
serve as a core transmission technology that will
satisfy future needs.
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Table 1 Powertrain Specifications

Fuga (M35) Q50 Hybrid

QX60 Hybrid/Pathfinder Hybrid

Hybrid System

1-motor 2-clutch parallel
hybrid system

1-motor 2-clutch parallel
hybrid system

Disp.

35L

25L

Engine
¢ Type

V6 w/VTC

14 w/Supercharger & VTC

Transmission

Longitudinal (RWD)
7 speed

Transverse (FWD)
Continuous variable (CVT)

CL1 Type Dry single-plate clutch Dry multi-plate clutch
CL2 Type Wet multi-plate clutch Wet multi-plate clutch
MOTOR |[Max power | 50 kW 15 kW

Type Li-ion Li-ion
Battery |[Size 8 cells x 12 modules 40 cells

Voltage 345V 144V
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3. Technologies Supporting the IM2CL System

The main specifications of the RWD and FWD
hybrid systems are compared in Table 1. The
following can be cited as the major technical
challenges and breakthroughs achieved in developing
these systems.

1. Control technology for achieving practical
performance without a torque converter, including
smooth launching, shifting and engine start.

. Clutch specifications and an optimum layout that
achieve a package size equal to that of a
conventional transmission and ensure clutch
durability and reliability.

3. Reduction of noise, vibration and harshness (NVH)
by adopting a floating motor mounting structure.

. Reduction of cost and capital investment by
achieving a high percentage of parts commonality
with conventional transmissions and mixed
production on the same assembly line.

Although there are specification differences,
including the base unit and motor output, the key
technologies supporting the 1M2CL system are
basically almost the same for both FWD and RWD
vehicles.

On the other hand, each hybrid system also had its
own difficult issues, presenting tough challenges that
we resolutely solved (Fig. 5). For the RWD system,
one challenge was to develop highly accurate control
technology for using the motor output effectively in
various driving situations such as when engine start
and AT shifting take place simultaneously. For the
FWD system, one challenge was the issue of wear of
the dry multiplate clutch housed inside the motor on
account of layout constraints.

We conducted fleet tests on the RWD hybrid system
involving an aggregate driving distance equal to 30
laps around the Earth. Rigorous evaluations for
thoroughly refining driveability were also conducted
in Japan and overseas until just before launching mass
production. These activities were especially important
in supporting the development of the key technologies.

Not only were parts commonalized, we also
achieved mixed production of the hybrid systems on
the same assembly lines with our conventional
transmissions. That was accomplished through the
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simultaneous activities undertaken by production
engineering and the plant. As a result, another
important accomplishment that can be cited was a
substantial reduction of capital investment in
equipment.

I would like to note here that detailed technical
explanations are given in each article in this special
feature.

4. Review of the Development Process and
Future Issues

In the process of developing the hybrid systems, we
invariably had to invest more product development
resources than was expected, though that is always the
case when developing a new system. Having learned
from that experience, it goes without saying that we
will need to quickly improve our development work
efficiency in order to cope with the increased number
of projects for hybrid vehicle systems in the future.

As one example, clutch-2 (CL2) functions as the
start-off element in the 1IM2CL hybrid system owing
to the discontinuation of a torque converter. While
this achieves a linear feeling of acceleration, the
clutch temperature rises in the region of wet start-off
clutch (WSC) operation. There were various
development issues that had to be resolved in
connection with this clutch system such as durability,
shudder and unusual noise. For the CVT8 Hybrid, we
added a dedicated electric oil pump, among other
improvements, to ensure uncompromising towing
capability, which is an essential requirement for SUV
application, including traction even for driving on
muddy roads or sand. It is expected that the
application of the CVT8 Hybrid will be expanded in
the future to include the categories of full-fledged
SUVs and light-duty trucks. We urgently need to
strengthen our capabilities for developing clutches,
dampers and other key technologies in consideration
of the limits of market acceptability of systems
without a torque converter.

Moreover, the numerous state transitions that occur
in hybrid systems have exponentially increased the
amount of compliance work. Taking the development
of the RWD hybrid system as an example, the number
of compliance evaluation items swelled by three to
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four times compared with conventional transmissions.
Moreover, over 70% of all the ROM Calibration Data
had to be confirmed in actual vehicle tests, making it
necessary to conduct many tests repeatedly owing to
the reworking of the design. In the future, it will be
necessary to boost work efficiency substantially by
implementing a V-shaped development process in
upstream operations through the use of hardware-in-
the-loop simulation (HILS), virtual and real simulator
(VRS) bench tests and other approaches.

5. Conclusion

As explained above, the 1IM2CL parallel full hybrid
system for transmitting driving force requires
sophisticated system control technology and
component technologies on account of its simple
architecture. Its core elements consist of the engine
characterized by the chemical reactions involved in
combustion, the mechanical clutch system that
experiences degradation elements such as wear, and the
drive motor that is markedly influenced by the battery
state of charge (SOC), though the level of motor
control accuracy is notably high. These three elements
having completely different characteristics must be
balanced at a high level especially under transient
performance conditions. The system must provide
smooth driveability, durability and reliability combined
with noise and vibration performance that takes into
account the force transmission characteristics of the
vehicle. It would not be exaggerating to say that this
hybrid system truly represents a culmination of
transmission system technologies for transmitting
driving force.

On account of the ever increasing severity of fuel
economy requirements, conventional CVTs and ATs
will also continue to require rigorous limit-state
designs (design margin shrinking) and the
development of much more accurate control
technology. Toward that end as well, it will be
necessary to build quickly the technologies needed
for total system optimization. This naturally includes
improving component technologies further as well as
developing technologies for predicting noise and
vibration performance and for executing hydraulic
circuit designs.
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The most significant fruit gained in the process of
developing this 1IM2CL hybrid system was the
remarkable development displayed by the engineers
involved in the project. They themselves took the
initiative to tackle difficult issues that had not be
resolved by applying existing criteria and standards
and surmounted technical hurdles based on the
"sangen principle" of engagement, which means
going to the actual site, finding out what actually
happened and identifying the actual problem. I was
truly struck again by how profoundly the engineers
improved themselves through this project. I believe
JATCO's product development and manufacturing
engineers will continue their resolute challenge to
further enhance their fundamental skills and abilities.

In conclusion, I would like to express my
appreciation to all of the departments involved,
including our suppliers, for their tremendous
contributions to the development of the hybrid
vehicle transmissions.
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Summary The Jatco CVT8 HYBRID transmission
(hereafter CVT8 HYBRID) went into production in
July 2013. Based on the Jatco CVT8(hereafter CVTS)
that was released in 2012, the CVT8 HYBRID is built
with a compact, lightweight, high-efficiency
1Motor2Clutch (hereafter IM2CL) system. This
article presents a product overview of the CVT8
HYBRID.
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1. Introduction

The need to reduce carbon dioxide (CO.) emissions
has been increasing for quite long time as the global
environment has been clearly recognized as a priority
issue. Besides that, in the two-pedal vehicle market,
the need to improve driving pleasure has also risen
sharply. JATCO has so far met these customer
demands by providing a full transmission lineup
focused on CVTs, which we began to develop from
early days. One notable example is the CVTS that we
put on the market last year for use on midsize to large
passenger vehicles. Compared with the previous
model, the CVTS8 expands the ratio coverage by 17%,
reduces friction by 40% and incorporates a more
advanced system for cooperative control with the
vehicle. As a result, it achieves a substantial fuel
economy gain of 10% while at the same time also
improving driving pleasure.

JATCO on CVTS platform has jointly developed a
new hybrid CVT transmission with Nissan Motor Co.,
Ltd.(hereafter Nissan) for hybrid vehicles developed
by Nissan. JATCO has started production of CVTS8
HYBRID. In developing this hybrid transmission for
FWD vehicles, Nissan and JATCO developed a
IM2CL system similar to the hybrid system that is

Oy MEER
Project Promotion Office

= HiEHE RS HEVELG BZEES
NISSAN MOTOR CO., LTD. HEV Product Development
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combined with a 7-speed automatic transmission for
RWD vehicles on the Nissan Fuga (Infiniti M35),
which was released in November 2010.

This article presents a product overview of the CVT8
HYBRID's HEV application model while continuing
the wide ratio coverage, low friction and excellent
vehicle mountability that distinguish the CVTS.

2. System Overview

Various architectures have been proposed so far for
HEV systems. The 1M2CL configuration is one type
of parallel HEV system that is the smallest, lightest
and most efficient of its kind. Fig. 1 shows a
schematic diagram of the 1M2CL system, which
consists of one electric motor and two clutches. The
single electric motor both drives the vehicle and
generates electricity. Of the two clutches, Clutch-1
(hereafter CL1) is positioned between the engine and
the motor and provides the following functions.

(1) While the engine is stopped, CL1 is disengaged to
decouple the Engine and the Motor, thereby
preventing the transfer of engine friction.

(2) At engine start, CL1 is engaged to transmit motor
torque to the engine to crank it.

(3) Following engine start, CL1 remains engaged to
transmit engine power to the transmission.

Clutch-2 (hereafter CL2) is positioned in the space
occupied by the forward-reverse changeover clutch in
the CVT8 and performs the following functions.

(1) To ensure that the vehicle starts and stops
smoothly, CL2 is allowed to slip while controlling
the transfer of motor (or Engine + Motor) torque.

(2) During driving, CL2 is engaged to transfer motor
(or Engine + Motor) torque to the transmission.

(3) When stopping the vehicle, CL2 is allowed to slip
while controlling (i.e., preventing) the transfer of
motor torque so as to create a neutral state.

This hybrid system is distinguished by its ability to
provide various operating modes, as shown in Fig. 2,
by controlling the two clutches in relation to the
power inputs from the single motor (or the Motor +
Engine). The combination of these operating modes
with seamless CVT shifting allows fuel economy and
power performance to be controlled flexibly.
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3. Component Technologies for Applying the IM2CL
System to the CVT8 HYBRID

As a result of incorporating the IM2CL system into
the CVT8 (Fig. 3), the CVT8 HYBRID provides
nearly the same excellent vehicle mountability as the
base unit, while ensuring the wide ratio coverage and
low friction that characterize the CVTS. This enables
the CVT8 HYBRID to satisfy the requirement for use
on a wide variety of vehicle types. This section
explains the key technologies that have made this
possible.

CL1

Electric motor
CL2

Fig.3 Cross-sectional view of the IM2CL system
in the CVT8 HYBRID
3.1. Motor mounting technology
In order to install the hybrid drive motor in the
transmission, it was necessary to achieve a higher
level of quietness that was envisioned for the EV
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drive mode when the engine is stopped. Therefore, a
floating motor mounting structure was adopted for
supporting the motor by means of an elastic member
instead of attaching it directly to the transmission
case. This mounting structure suppresses the transfer
of motor vibration to ensure good quietness (Fig. 4).

3.2. CL1 mounting technology

Fig. 5 shows the structure of CL1 in the CVT8
HYBRID, and Fig. 6 presents a cross-sectional view
of CL1. Unlike a RWD vehicle, the engine and
transmission are mounted transversely on a FWD
vehicle, making severe requirement for reducing the
overall transmission length. For that reason, a dry
multiplate clutch was adopted for CL1 in the CVT8
HYBRID, and the entire clutch is installed on the
inner side of the motor. This layout made it possible
to position both CL1 and the motor in the space
occupied by the torque converter of the CVTS.

In order to adopt a dry multiplate clutch, it was
necessary to reduce the drag friction that occurs
during clutch disengagement and to improve the
evacuation of wear particles. For the CVT8 HYBRID,
the groove geometry on the friction material surface
was optimized and air holes were provided in the
clutch plates to allow air to flow between them. These
measures reduced drag friction and improved wear
particle evacuation.

Electric motor

Fig.6 Cross-sectional view of CL1 and electric motor
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3.3. CL2 mounting technology

The CVT8 HYBRID also provides towing
capability to allow application to midsize SUVs. To
facilitate vehicle launch while towing, CL1 is engaged
and the large combined torque of the engine and motor
is applied to CL2. Because CL2 slips while
transferring torque to launch the vehicle, it was
necessary to improve the clutch's cooling performance.

For the CVT8 HYBRID, the torque input path to
CL2 was revised, and an electric-powered oil pump
was adopted specifically for lubricating and cooling
CL2. (Fig. 7). These measures successfully improved
the durability of CL2, which is positioned in same
space of the forward-reverse changeover clutch of the
CVTS, and thereby made application to SUVs
possible (Fig. 8).

CL2 (REV)

= Jatco (=ax=]

Fig.8 Cross-sectional views of CL2 and planetary

4. Efforts for Further Fuel Economy Improvement

Various technologies for further improving fuel
economy were incorporated in the CVT8 HYBRID in
the process of developing this hybrid transmission.
These measures were adopted to dramatically
improve fuel economy beyond the excellent fuel
efficiency of the base CVTS.

4.1. Optimization of pulley stiffness

The stiffness of the secondary pulley in the CVTS8
HYBRID was increased to suppress fluctuations in
the chain's running radius induced by pulley
deformation (Fig. 9). This improved torque capacity
by 20% compared with that of the previous CVT
model. As a result, thrust force was also reduced,
making it possible to transmit torque with a lower
hydraulic pressure.
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4.2. Powertrain torque demand control

Control of the engine and motor torque is
coordinated with CVT shift control, making it
possible to improve electric power regeneration and
to suppress the fuel consumption rate while delivering
the target drive torque. To accomplish that,
Powertrain Torque Demand Control was adopted for
the CVT8 HYBRID.

4.3. Optimal shifting for various battery's SOC

The CVT shifts according to the battery's State of
Charge (SOC), enabling the engine torque to trace the
optimal operating line while maintaining the desired
level of drive torque.

4.4. Improvement of regeneration efficiency

During energy regeneration, the CVT shifts so as to
enable electric power to be regenerated under a
condition of high motor and inverter efficiency. The
motor speed is controlled to the optimum level to
realize SOC recovery in a short period of time.

5. Manufacturing and Development diversity for
CVT8 HYBRID production

Motor, CL1 and CL2 were optimally laid out in the
CVT8 HYBRID to successfully increase the
percentage of common parts shared with the CVTS.

5.1. Transmission diversity

The CVT8 HYBRID shares approximately 70% of
its parts with the base CVT8 (Fig. 10). This sharing of
common parts maintained the small, lightweight
transmission package and contributed to substantial
cost reductions.

HEV Motor

Nl
s SIS . e
JatcoGai

New hybrid parts

Fig.10 Cross-sectional views of
CVT8 HYBRID and CVT8



Jatco CVT8 HYBRIDO O O O

52.000000000
CVT8 HYBRIDBAZE Tl&, e, T35,
BLUORRBICLAZ2OQRT 77 aF VA<V

g2k, A OARLRSTEET A DI
WCOHDHLAZE., ZDFER, My AIvvarT—2A,

T=0) =, FvEL, BXOarta—uoNT
RELLDFEEERIT, CVT8DMTL, BIUHL
FA BT L 7.

Mz T, Motorf& BRI /N — A AHUF T L
CVT8 HYBRIDEA D THIZEL T, I\
2 aF IV CVTHLITA Y DRERE KELE 2 BT
e, RILAEELZTREEL 7.

6.000

CO.MI (B 1) L) LRI/ 7 7L Yr—h b
DWALEV) == A FHFELH, JYvhai, Eid=—
ANDOV) 2= ayk L NI BEEITIZCVTT,
ORI B AT IZCVT8DCVTIA » Fy T a iR
L Cna, 4H, REDAT—INOF¥LY
L TCVT8 HYBRID%* BHSE L 7-.

CVT8 HYBRIDIZ, &b Ho/NliE 572 1M2CL
AT 5L, CL1, BLXUCL2DOHREL AT 7H,
== INTU—T A THEEE DRI,
CVTSDUEM CTHATARFTL U4, K7V rvark
Re, BN ZRASTHIEDTEL.

F72, CVT8EDH Mt HZ D, fitgwd =
Ta—= NV TOEERZHERL DS, 71—l
D e b R°Powertrain Torque Demand il 18 £§
R7%E, R OBREFMIBEZET, HAF~—
== RAF MR L= e T AT LN TET.

%12, CVT8 HYBRIDRBIZEIZH 72, %Ki
THHETEW A AN O BRI, BRSO ES
FLFT.

1231

5.2. Flexible manufacturing

In developing the CVT8 HYBRID, simultaneous
cross-functional activities were undertaken by
production engineering, manufacturing and
development departments to achieve not only parts
commonality, but also shared use of production lines.
As a result, many of the principal parts, such as the
transmission case, pulley parts, gear parts, control
valves and others, can be successfully produced on
the CVTS8's machining and assembly lines.

In addition, the manufacturing processes specific to
the CVT8 HYBRID, such as motor mounting and
high-voltage harness installation, can also be
performed in mixed production operations on same
line without making major changes to the
configuration of the conventional CVT assembly lines.

6. Conclusion

Amid the rising needs for both a reduction of CO,
emissions (i.e., higher fuel economy) and
improvement of driving pleasure, JATCO provides a
CVT lineup, comprising the CVT7 for small passenger
vehicles and the CVTS8 for midsize to large passenger
vehicles, which meets these conflicting demands. As
an engineering challenge toward the next stage, we
have developed the CVT8 HYBRID described here.

The CVT8 HYBRID adopts a small, lightweight,
high-efficiency IM2CL system, an optimum layout of
CL1 and CL2, and a floating motor mounting structure,
among other features. As a result, it successfully
continues the wide ratio coverage, low friction and
excellent vehicle mountability that characterize CVTS.

Greater sharing of parts with the CVT8 also ensures
cost competitiveness and the ability to manufacture the
CVTS8 HYBRID globally. Moreover, fuel economy has
also been enhanced by optimizing pulley stiffness and
adopting Powertrain Torque Demand Control, among
other state-of-the art technologies for fuel economy
improvement. As a result, the CVT8 HYBRID has
been developed as a new-generation transmission that
can fully meet diverse customer needs.

At the end, we would like to thank everyone
involved both inside and outside the company for
their invaluable cooperation with the development of
the CVT8 HYBRID.
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Development of a Small Dry Multiplate Clutch System Housed in the Motor for FWD Hybrid Vehicles

TP =T B AT Bt KEET BRI EET R thAY

Yuuzou AKASAKA Hiroki UEHARA Tomoharu FUJII Masumi FUIIKAWA Yuji WATANABE
0000\ MEABEEIY a3 ETHEIRL Summary Nissan Motor Co., Ltd. and JATCO have
72Jatco CVT8 HYBRID (LT [CVT8 HYBRID | & jointly developed new Jatco CVT8 HYBRID (hereafter
FBANBNT, NS AR 572010, F— CVTS8 HYBRID). In order to achieve a compact,

. - ’ = - ~

RN X 58 59 F (DR TCLLIE52.) lightweight unit, a small dry multiplate clutch (hereafter

VAT LERERHL:. AfaTIE, TORBIIBITS,

CL1) system housed in the motor was adopted for
CVT8 HYBRID. This article describes the development

CLI&R i O, WHIEHIHIZ2WT, BZE O, aims set for the CL1 components and the hydraulic
BALAZDWTHEIT T 5. pressure control system and the activities carried out to

attain them in the process of developing CL1.

1.0000000000000 1. Hybrid System Configuration
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(1) While the engine is stopped, CL1 is disengaged to
decouple the engine and the motor, thereby
preventing the transfer of engine friction.

(2) TV VIRBRICE S MV I T U UIRE (2) At engine start, CL1 transmits motor torque to the
LTIy I o thEsd s, engine to crank it.

(3)CL1Zffifi L T I DB %2 T A3y (3) When CL1 is engaged, it transmits engine power
INRET 5. to the transmission.

2. CVT8 HYBRID
2. CVT8 HYBRID

2.1. Configuration of CVT8 HYBRID

2.1.CVT8 HYBRIDO O O The space available on a vehicle for installing a

FENA 7y RIZHL I N O FEFLA N — AN, FWD hybrid transmission is limited. For that reason,
Z 2T, Fig. WRT I TvF 2L, » as shown in Fig. 1, a multiplate clutch structure that is
DE—FIINET LI TH M ESFEHEL, N housed in the motor was adopted to reduce the axial
ST YRS AT DA B T8I 7 length of the transmission. These measures enable the

hybrid system to be installed in the limited space
available.
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Fig.1 FWD hybrid transmission
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3. Dry Multiplate Clutch

3.1. Technical issues and solutions

The following issues had to be resolved in order to
develop the dry multiplate clutch.
(1) Uneven wear of friction materials

The structure of dry multiplate CL1 produces an
uneven pressure distribution on each plate, resulting
in uneven friction material wear. The friction
coefficient also declines at the same time due to
uneven wear.
(2) Drag torque

Contact between the clutch plates when CL1 is
disengaged produces drag torque.
(3) Buildup of wear powder

The accumulation of friction material wear powder
near CL1 can degrade its engagement/disengagement
performance.

3.2. Prevention of uneven friction material wear

Unlike manual transmission clutches, in the
structure of a multiplate clutch, the plate surface load
is not applied evenly. As shown by the dashed line in
Fig. 2, the piston and snap ring are positioned
diagonally in relation to the clutch plate axis.
Therefore, the load is applied at a different position
on each clutch plate, which produces a contact
pressure distribution that causes uneven friction
material wear.

Fig. 3 presents the results of a simulation of the
contact pressure distribution according to the clutch
piston position. The upper cross-sectional views in
Fig. 3, show the inclination of the clutch plates at each
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piston contact position where pressure is applied. At
position (D), the piston is applying pressure to the inner
diameter side of the clutch plates. At positions ®, ®
and @, the piston moves to the outer diameter side of
the plates. The lower diagrams of Fig.3, shows the
contract pressure distribution patterns of two plates on
the snap ring side and the piston side at each piston
contact position.

At position D) where the piston applies pressure on
the inner diameter side, the load applied to the plate
on the piston side is concentrated on the inner
diameter side, causing the plate to incline
considerably. When the piston moves to position (2)
where it applies pressure to the outer diameter side,
the pressure distribution on the plate and the plate
inclination are improved. On the other hand, when the
piston contact position moves too much to the outer
diameter side as in positions 3 and @, the load is
concentrated only on the outer diameter side and the
snap ring is also supported on the outer diameter side.
As a result, the plates open in the shape of an inverted
V and low load is applied to the inner diameter side.

Piston Position

—Inner Side Middle Outer Side >
® @ ©) @ .
| : High
Surface _ Plate Inside Plate Outside —=—! Press
Pressure : N =T T ressure
[MPa] ! ==~ ~ - . Low
(4 Plate Average) | | | | Pressure
0 : ; i
o ! IBAD:
Wear Amount | ~1_ % Wear
[mm] - [ T | Increase
(4Plate Total) | 1
0 | | I
A i i6oon
Friction Coefficient | ! . Friction
[-] | | T ‘|\ | Coefficient
(4Plate Total) E Optimum R Increase
0 Position

Fig.4 Piston position and various performance parameters

The top graph in Fig. 4 shows the average pressure
distribution for four clutch plates according to the
respective piston contact position. The middle and
bottom graphs respectively show the average wear
amount and the average friction coefficient for the
four plates. It is seen in the top graph that the clutch
pressure at position (1) where the piston presses on the
inner diameter side is high on the inner diameter side
of the plates. As the piston contact position moves to
the outer diameter side in positions @), 3) and @), the
contact pressure decreases on the inner diameter side
of the plates but continues to increase on the outer
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diameter side. Eventually, the contact pressure on the
inner and outer diameter sides reverses and becomes
higher on the outer diameter side. Based on these
results, the optimum piston position showing the best
contact pressure distribution is between positions (2)
and (3) where the pressure is equal between the inner
and outer diameter sides. Like the clutch pressure
distribution, the results in Fig. 4 also show that the
optimum position for the wear amount and friction
coefficient also comes between positions (2)and (3).

The foregoing results were used to optimize the
pressure distribution on the eight clutch facing
surface by optimizing the piston contact position. Fig.
5 shows the improvement in durability obtained by
optimizing the piston position.

3.3. Reduction of drag torque

Fig. 6 shows the ideas examined for reducing drag
torque by improving the clutch plate geometry. CL1 is
disengaged when switching from hybrid drive to EV
drive. Because the plates of CL1 do not have any
mechanism for keeping them apart, they come in contact
at this time, which causes drag torque (Fig. 6-().

To avoid that, radial grooves were provided in the
friction material to create a centrifugal fan effect for
inducing air flow from the inner diameter side to the
outer diameter side of the clutch plates. This concept
was conceived as a way of separating the plates by
circulating an air stream between them. However, it
was found that a vacuum occurred which pulled the
plates together, thus causing drag torque (Fig. 6-2).

In addition to the radial grooves in the friction
material, air vents were also provided as passages for
supplying air to the inner diameter side of the plates in
an attempt to reduce the vacuum generated between
them (Fig. 6-3). It was observed that when too much
centrifugal air flow was produced by the friction
material grooves, it upset the balance with the quantity
of air that could be supplied. When the quantity of air
was insufficient, it weakened the effect on reducing
the vacuum, resulting in the occurrence of drag torque.

Based on the foregoing results, a structure was
devised for eliminating drag torque by optimizing the
air flow balance by means of the clutch plate
geometry, i.e., the friction material groove geometry
and the air vents. Fig.7 shows the relationship
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between the number of friction material grooves and

drag torque as well as the drag torque level measured

for the optimized plate geometry.

3.4. Prevention of wear powder buildup

Housing CL1 inside the motor creates a closed space
in which wear powder from the friction materials can
accumulate because it cannot be evacuated. This is
different from the single-plate clutches of an ordinary
manual transmission where the centrifugal force
generated by plate rotation evacuates wear powder
around the clutch periphery. Accordingly, it is
necessary to evacuate such wear powder around the
periphery of CL1 so that it does not hinder the clutch's
engagement/disengagement performance.

Therefore, a study was made of a structure for
pushing the wear powder out by the force of air
motion using the air flow produced by plate rotation.
Fig. 8 shows the air flow involved. The following
path was designed for the air flow generated by CL1.
(1) The centrifugal fan effect is used to circulate the

air flow to the outer diameter side of the CL1
plates, thus raising the air pressure there.

(2) Because the air pressure is higher on the outer
diameter side of CL1, air flows outside the clutch
where the atmospheric pressure is lower.

(3) The air flow produced by CL1 circulates the air on
the clutch's inner diameter side to its outer
diameter side, thereby lowering the pressure on
the inner diameter side so that air flows in from
outside the clutch.

As a result, air flows in the order of (3)—(1)—(2)
—(3). This air flow was used in designing CL1 so
that wear powder from the friction materials is
evacuated from the outer diameter side of the plates
toward the atmospheric pressure on the outside.

A study of wear powder evacuation was conducted
based on the concept above. It was observed that wear
powder stuck to the inner circumference of the drum
due to centrifugal force. It was found that wear
powder was evacuated from around the plates to a
dust collection area when the pushing force of the air
flow generated by plate rotation was stronger than the
resistance against powder movement, determined by
the centrifugal force and friction coefficient, between
the powder and the drum. A schematic diagram of
this evacuation method is shown in Fig. 9.
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The specific plate geometry for obtaining the
optimum air flow and pressure distribution was
determined by a flow simulation (Fig. 10).

Fig. 11 shows the air flow in CL1, and Fig. 12
compares the wear powder buildup in CL1 in
durability tests before and after the improvement. After
the improvement, it is seen that wear powder was
evacuated and did not accumulate on the clutch plates.

Fig.11 Air flow in clutch-1

Clutch powder deposit

A e Ty

After improvement

Before improvement

Fig.12 Effect of air flow on wear powder evacuation

4. Hydraulic Pressure Control System for CL1

4.1. Hydraulic pressure system overview

The hydraulic pressure control system consists of
an oil pump that serves as the pressure source and
control valves that regulate various pressure levels.
Fig. 13 shows the overall configuration of the
hydraulic pressure control circuit that is arranged
hierarchically with the upstream being the pulley
pressure system that uses high pressure and the
downstream being the CL1 pressure system. The CL1
pressure is controlled by the CL1 control valve based
on the controller signal, using the output pressure of a
two-way linear solenoid valve.

4.2. Development aims for CL1 pressure control system
In developing the pressure control system for CLI,
it was necessary to develop technologies for making

the following improvements.
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(1) Suppression of CL1 pressure overshoot (hereafter surge)
At engine start, CL1 must engage with a faster
response characteristic than that of ordinary
transmission clutches. In order to obtain the target
response, the CL1 pressure command value must
be raised quickly. However, controlling the CL1
pressure surge that occurs at the conclusion of CL1
piston travel was an issue that had to be addressed.

(2) Stabilization of CL1 flow rate balance through

cooperative control with line pressure control
The hydraulic circuit of CL1 is positioned
downstream of the high-pressure pulley pressure
system. Accordingly, the upstream line pressure had
to be optimally set, taking into account the fluid
temperature and pump motor speed, in order to
supply pressure to the CL1 hydraulic circuit stably.
The measures taken to deal with these two issues
are described below.
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Fig.13 Hydraulic system

4.3. Suppression of pressure surges
4.3.1. Analysis of mechanism causing CL1 pressure
surges
The pressure rise slope can be expressed with the
following simple equations. The simple model used in

the analysis is shown in Fig. 14.

dPcll1/dt=K/V* (Qout—chl ) e (1 )
Qout=Qin-Qdrain <« eerrerrrrrr (2)
Qin=Cd*Ain (Xvi) * (2* (Pin-Pcl1) /p) A1/2--- (3)
Qdrain=Cd*Adrain (Xvd) * (2% (Pcll) /p) A1/2-+- (4)
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Pcll: CL1 pressure

Pin: valve input pressure (CL1 regulator pressure)
K: bulk elastic modulus

V: hydraulic circuit volume

Qcl1: flow rate produced by CL1 piston travel
Qin: valve input flow rate

Qout: valve output flow rate

Qdrain: valve drain flow rate

Ain (Xvi): opening area of valve input port
Adrain (Xvd): opening area of valve drain port
Xvi: opening width of valve input port

Xvd: opening width of valve drain port

Xp: CL1 piston travel

Cd: flow coefficient

o : ATF density
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———————————— I Port opening width on clutch-1
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1 control valve (Xvi)
' [V AN O

Fig.15 Estimated mechanism and actual test results

The equations above indicate that at the conclusion
of CL1 piston travel (Xp), the flow rate supplied to
CL1 is stopped (Qcll = 0) and the slope of the CL1
pressure rise (dPcl1/dt) increases. This transient change
in the flow rate balance causes the CL1 pressure surge.

In order to analyze this mechanism in more detail, a
pressure response simulation was performed in which
a step command was applied to the CL1 pressure. The
results revealed that the CL1 pressure surge peak was
determined by the length of time from the end of CL1
piston travel to the stopping of the flow rate (Qin) to
the CL1 control valve (Fig. 15).

A comparison was also made with the results of a
verification test conducted with an actual unit under
the same condition. The measured CL1 pressure surge
agreed well with the simulation result, thereby
substantiating the estimated mechanism.
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4.3.2. Optimization of valve opening area
characteristics

In order to prevent pressure surges, it is necessary
to reduce the slope of the CL1 pressure rise
(dPcl1/dt). That can be done by closing the valve
input port as fast as possible to obtain Qin = 0 and
simultaneously opening the drain port quickly to
make Qdrain > 0. To accomplish that, the valve
opening area characteristics were changed so as to
obtain a large opening area with a small amount of
valve travel and thereby improve valve response.
However, there was concern that a large change in the
opening area as the valve began to open would cause
the flow rate to change considerably and thus degrade
CL1 pressure stability. Therefore, a simulation was
conducted to investigate the optimum opening area
characteristics. Fig. 16 shows the flow rate through
the valve as a function of the opening area when the
valve opening area characteristics were varied.

The results of the CL1 pressure simulation and a
verification test conducted with an actual unit showed
that the required opening travel in the valve supply port
was reduced by changing the valve opening area
characteristics. As a result, the response time after the
conclusion of CL1 piston travel was shortened, making
it possible to suppress pressure surges (Fig. 17).

Before improvement
A

Clutch-1 pressure
Number of revolutions
Clutch-1 pressure
Number of revolutions

Engine speed

Time
Fig.18 Clutch-1 pressure waveforms before and
after improvement

Time

The result expected from this improvement was
also obtained in a test conducted with an actual
vehicle. Fig. 18 compares the CL1 pressure
waveforms before and after the improvement.

4.4. Improvement of stability of CL1 flow rate
balance through cooperative control with line
pressure control

There was concern that the effect of fluid
consumption in the upstream circuit would make stable
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control of the CL1 pressure difficult owing to the fact
that the CL1 hydraulic circuit is located downstream of
the pulley pressure circuit. Therefore, the flow rate
needed for engagement of CL1 was found in advance,
and cooperative control was incorporated in the
pressure control system that takes into account the
upstream pressure setting, input speed, fluid
temperature and other factors. This made it possible to
achieve stable control of the CL1 pressure.

Fig.19 shows necessary line pressure control area
for CL1 pressure stability at various oil temperature.

5. Conclusion

(1) The contact pressure distribution on all eight
facing surfaces was optimized to secure the
desired wear resistance and friction coefficient.
That was accomplished through a suitable
balance between the stiffness of the clutch
components, including the clutch plates and
friction materials, and the piston contact position.

(2) Drag torque at the time CL1 disengages was
reduced by optimizing the clutch plate geometry
by means of the friction material groove
geometry and air vents. The centrifugal fan effect
created by CL1 plate rotation produces an air
flow that circulates between the clutch plates to
prevent them from pulling together.

(3) Wear powder from the friction materials is
evacuated by the air flow generated by plate
rotation so as to prevent the powder from
hindering the engagement/disengagement
performance of CL1. Air flows through a created
path to push the wear powder outside the clutch
plates to a dust collection area. This made it
possible to house CL1 inside the motor.
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(4) The opening area characteristics of the CL1
control valve were optimized to improve CL1
response while also preventing pressure surges
from occurring at the end of CL1 piston travel.

(5) The optimum line pressure was set to match the
flow rate needed for CL1 engagement, thereby
ensuring stable CL1 pressure control.
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Summary This article describes the technical
features developed for clutch-2 (CL2) of the 1Motor
2Clutch (hereafter IM2CL) system that is a key
fundamental technology of the Jatco CVT8 HYBRID
(hereafter CVT8 HYBRID) transmission created for
Nissan's FWD hybrid vehicles. Developed jointly
with Nissan Motor Co., Ltd., CL2 functions as the
start-off clutch. JATCO was in charge of developing
the CL2 hardware and the lubrication/cooling control
system, and Nissan was responsible for developing
the CL2 control system and a dedicated oil pump for
the CL2 lubrication/cooling system.
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1. Introduction

The CVT8 HYBRID is configured around a
IM2CL powertrain system that achieves both a
compact design and low friction among the many
different types of hybrid powertrain layouts. Because
this IM2CL hybrid system discontinues the use of a
torque converter, clutch-2 (hereafter CL2) is used as
an alternative start-off element. The forward-reverse
changeover clutch of the base CVT is used for CL2
instead of newly adding a clutch as the start-off
element. As a result, this strategy helped to mitigate
the decline in vehicle mountability due to the longer
overall transmission length and to avoid any
additional capital investment in production facilities.
However, because CL2 is based on the forward-
reverse changeover clutch, various issues had to be
addressed to satisfy the functionality of this wet start-
off clutch (hereafter WSC) that includes controlling
the amount of clutch slipping during vehicle launch.
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The following technical features were developed to
satisfy the functional performance of a WSC.
1. Improvement of clutch cooling performance by
revising the CL2 structure and by suppressing the
CL2 temperature rise by adopting a dedicated
electric-powered oil pump for lubricating/cooling
the clutch
. CL2 control procedure for vehicle launch
. Technique for estimating/controlling the CL2
temperature
. Assurance of CL2 reliability
Each of the technical features is explained in the

following sections.

2. Technology Development Issues and Solutions

2.1. Improvement of clutch cooling performance by
revising the CL2 structure and by suppressing
the CL2 temperature rise by adopting a
dedicated electric-powered oil pump for
lubricating/cooling the clutch
The CVT8 HYBRID had to be mountable on the
same vehicle models as the CVTS, and it was planned
to use a common transmission case in order to increase
production efficiency as well. Therefore, the CL2
layout for the CVT8 HYBRID was designed within
the same layout as that of the CVTS. As a result, CL2
is nearly identical in basic size to the CVT8 forward-
reverse changeover clutch. This compact clutch must
be able to transmit drive torque for launching the
vehicle while absorbing the heat generated by its

Oil pump cover

Cooling tube Cooling oil pump

CL2

Cooling oil flow

Fig.1 Cooling system for CL2
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Forward Drive plate

slipping. There was the risk that this heat generation
might cause the temperature of the friction contact
surfaces to exceed the allowable range of heat
resistance. In this development project, a dedicated
electric-powered oil pump was adopted for
lubricating/cooling CL2 so as to suppress its
temperature rise. In addition, the geometry of the
cooling oil grooves provided in the friction material
surface was optimized to direct the lubricating/cooling
oil efficiently to the friction contact surfaces. The
contact pressure distribution was also optimized so
that the friction contact surfaces would generate heat
more evenly.

Fig. 1 shows the installation position of the dedicated
electric-powered oil pump for supplying
lubricating/cooling oil to the CVT unit. It also shows
the piping to CL2 and the cooling oil flow passage
around CL2. Similar to CVTS, the CVT8 HYBRID is
configured with a forward clutch and a reverse brake
positioned around it as shown in the right-side of Fig. 1.
There is only one friction element in friction contact
that produces drag torque while drive torque is being
transmitted, which gives this structure an advantage
compared with other transmissions. However,
lubricating oil to the friction element passes between
two friction elements simultaneously. The dedicated
electric-powered oil pump adopted for the CVTS
HYBRID for CL2 lubrication/cooling increases the
volume of cooling oil supplied to CL2 to suppress the
temperature rise due to heat generation by the clutch
when launching the vehicle. Consequently, suppressing
the drag torque produced by this friction element was
another issue that had to be addressed. To deal with

Reverse Drive plate

Fig.2 Structure of drive plates
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CVT8 HYBRID Forward Clutch

CVTS8 Forward Clutch

Fig.3 Comparison of pressure distribution on forward clutch
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these conflicting issues of CL2 cooling and drag torque
suppression, the supply of lubricating/cooling oil by
the dedicated electric-powered oil pump can be turned
On-Off as needed. This control capability makes it
possible to cool CL2 while also obtaining lower
friction.

Fig. 2 shows the surface geometry of the friction
materials. The friction materials are attached in
segments and waffle grooves are also pressed into the
surface. This contact surface geometry was adopted to
ensure that the lubricating/cooling oil supplied from
the dedicated electric-powered oil pump fully covers
the entire contact surface of the friction materials
where heat is generated. In addition, the adoption of
this groove geometry also improves the evacuation of
the lubricating/cooling oil, which contributes to
reducing friction as well.

As another measure for dealing with heat
generation by CL2, the contact pressure is distributed
evenly over a wider area to suppress the temperature
rise. Fig. 3 compares the contact pressure distribution
on the forward clutch of the CVTS8 and the CVTS8
HYBRID. While the CVT8 HYBRID inherits the
layout of the CVT8, the width of friction contact
surface was widened radially as much as possible and
the piston geometry adopted provides a uniform
distribution of piston actuation pressure from the
piston to the snap ring that supports the clutch. These
measures were taken to obtain the control response
required of the clutch and to give it WSC
functionality. As a result, design specifications were
developed for obtaining uniform contact pressure for
piston actuation from low to high pressure levels.
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2.2. CL2 control for vehicle launch

This section explains the principal technical issues
involved in launch control when CL2 functions as a
WSC as well as the measures adopted to address them.
1. Improvement of driveability by ensuring torque

controllability in the low-speed range right after

vehicle launch

2. Optimization of torque transfer characteristics just
after pedal acceleration by taking into account
torsional resonance characteristics of drive train
system.

With regard to the first issue above, it is essential to
suppress fluctuation of rotational speed and torque
occurs when CL2 engages. This issue was solved
through highly responsive motor torque control using
the rapid charge/discharge characteristic of the
lithium-ion battery due to its low internal resistance.
Moreover, a torque sensor is used for monitoring the
current supplied to the motor, thereby facilitating
adaptive learning of the clutch torque capacity to
ensue the desired control accuracy.

As for the second issue above, it is necessary to
suppress vehicle vibration caused by the twisting of
the drive shaft due to an abrupt change in CL2 torque
capacity in relation to an accelerator pedal operation.
FWD hybrid system in particular has large inertia
from CL2 to the tires and the torsional vibration
frequencies are low, so the driver is apt to perceive
vehicle longitudinal acceleration (G). The measures
taken to address this second issue, which was also a
priority concern in this development project, are
described in detail below.

2.2.1. Torsional vibration model and vehicle transfer
characteristics

Fig. 4 shows the configuration of the powertrain
system. The plant to be controlled extends from CL2 to
the tires. The vehicle vibration of interest is a
resonance phenomenon in which the drive shaft
becomes a torsional spring. Because it usually occurs
as a second-order vibration, it can be approximated
using a spring-mass-damper model like that shown in
Fig. 5. The transfer function GP(s) can be expressed as
shown in equation (1) below where the torque
transmitted by CL2 is the input and the drive shaft
axial torque (equivalent torque on CL2 axis) is the
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Fig.6 Frequency characteristics of power train
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output. As shown in Fig. 6, it is clear that the frequency
characteristics have a resonance property.

Ty _ (21, f
G,(s) Ty, s7+20,(2af,)s +(2af, ) v

fp: natural vibration frequency of the plant model
{p: damping coefficient of natural vibration of the
plant model

2.2.2. Control system design

An inverse filter was designed to damp vibrations
near the resonance frequency of the plant having the
transfer function GP(s) as explained above. Letting
GC(s) denote the nominal response, the inverse filter
can be expressed as shown in equation (2) below. Fig.
7 shows the frequency characteristics found for fc =
fp. Here, it is important to optimize ¢ c. By making
¢ ¢ variable according to the driving situation, the
control system was defined such that both the
optimum drive torque response and vibration
suppression can be obtained to match the vehicle state
and the driver's operations.

G.(s) s> +2¢,(2af)s +(2f,
G,(s5) s*+2¢,(2af)s +(2f)

Gain

Phase

Frequency
Fig.7 Frequency characteristics of inverse filter

2.2.3. Confirmation of inverse filter effect by
simulation

Fig. 8 presents the results of a simulation
conducted to estimate the effect of the inverse filter.
Compared with the results obtained without the
inverse filter, it is seen that the inverse filter
effectively suppressed torsional vibration. In a vehicle
test, it was also found that the inverse filter worked to
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provide good vehicle launch performance with fast
response and suppression of vehicle vibration.

2.3. Prediction and control of CL2 temperature

The CVT8 HYBRID is also used on midsize SUVs
that must allow towing capability. CL2 heat
generation and the clutch temperature reached when
towing a heavy load increase to higher levels
compared with non-towing driving. Suppressing the
temperature rise at the friction contact surface of CL2
is a critical issue in towing situations. The solution
devised for this issue is to monitor the temperature
due to CL2 heat generation and to activate a control
for increasing the volume of lubricating/cooling oil
supplied to CL2. The most important aspect of this
control method is to ascertain the friction material
temperature accurately during heat generation by
CL2. Fig. 9 shows an outline of the temperature
calculation procedure. The method adopted for
determining the friction material temperature is to
calculate it successively by the CVT-CU (Control
Unit). The variables that are monitored and input into
the equation are the input engine torque and motor
torque, the rotational-speed difference of CL2 (i.e.,
rotational speed difference of the input shaft x the
gear ratio), and the operating state of the vehicle and
the dedicated electric-powered oil pump for
lubricating/cooling the clutch.

In order to estimate the surface temperature of the
CL2 friction materials, it is necessary to estimate the
quantities of heat generated and radiated by CL2. The

Qin: Calorific value

Qout: Radiated heat

Torque transmitted by CL2 (Nm)

A

f Calorific value

Temperature rise [¢— + & —

=1

Rotational speed difference of CL2 (rpm)

Rate of heat radiation (W/ (L/min))

Radiated heat

)

Lubrication flow rate (IL/min)

Thermal capacity

Fig.9 Outline of temperature calculation procedure
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quantity of heat generated is calculated from the
rotational speed difference at the time CL2 slips and
the amount of torque being transmitted then. The
rotational speed difference is calculated in real time
using the rotational speeds output by various sensors
for monitoring the engine, motor and internal parts of
the CVT. The signals used for the engine torque and
motor torque are obtained from the vehicle through
the CAN network using the in-vehicle communication
system as shown in Fig. 10.

Electric oil pump

x Clutch-2 |III

Fig.10 Configuration of control system

1]

Fig. 11 compares the calculated and measured
temperatures of the CL2 friction material. The
temperature was estimated accurately to within &£
10% of the measured temperature, which is the level
of accuracy needed to ensure proper operation of the
control method for protecting CL2.
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Fig.11 Difference between calculated and measured temperatures of CL2
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2.4. Assurance of CL2 reliability

A heat resistance lifetime design method was used
to ensure CL2 reliability. As shown in Fig. 12, the
friction material surface temperature was considered
in terms of three separate regions, namely, an

ordinary temperature region, a medium temperature
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region and a high temperature region. The first one is
the ordinary temperature region in which performance
is assured if the friction material surface temperature
is within this range. The next one is the medium
temperature range in which material life is expended
due to degradation, but this region is used very
infrequently in everyday driving. Therefore, the usage
of CL2 and the CL2 temperature are controlled in this
region so as to ensure the service life of friction
materials in real-world driving. The final one is the
high temperature region which is basically not used.
For the ordinary temperature region, the input level
was assumed based on an analysis of average real-
world driving loads. The CL2 specification was
designed to support operation in the ordinary
temperature region, taking into account the clutch's
thermal capacity and the cooling performance
obtainable with the lubrication supplied by the oil
pump diverted from the CVT8, without operating the
dedicated electric-powered oil pump for
lubricating/cooling CL2. However, due to differences
in driving styles and other factors, there are times
when the temperature can exceed the ordinary
temperature region. Therefore, a certain temperature
level was defined as a trigger for activating the
dedicated electric-powered oil pump to cool CL2 and
thus control the CL2 temperature so that the clutch is
always used in the ordinary temperature region. This
same concept of controlling the temperature by
calculating it successively was also applied to the
other two temperature regions. The system is
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basically designed such that the CL2 friction material
temperature does not enter the high temperature
region. In the event the temperature should reach the
high temperature region, the CL2 temperature rise is
detected in advance and a protective measure is
applied, such as adjustment of the drive torque,
through coordination with a vehicle system so as to
avoid a condition where the vehicle could not be
launched. The use of the temperature control
procedure and protective control procedure described

here make it possible to ensure CL2 reliability.

3. Conclusion

The effect obtained with an inverse filter was
utilized in developing a vehicle launch control
procedure that features good responsiveness and
accuracy. Improvement of the contact pressure
distribution of CL2, selection of the optimal friction
material specifications, and the use of a dedicated
electric-powered oil pump for lubricating/cooling
purposes have made CL2 temperature control
possible, which contributes significantly to ensuring
CL2 reliability. In addition, the On-Off control
capability of the electric-powered oil pump makes it
possible to reduce friction at the same time.

At the end, would like to thank the engine and
vehicle engineers for their invaluable cooperation in
the development of the start-off element for Jatco
CVT8 HYBRID-equipped vehicles.
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Summary This article describes the major issues
involved in developing a transmission case (hereafter
CASE) for the CVT used on hybrid vehicles (CVTS8
HYBRID) and the principal technical measures
devised for resolving them. This CASE was developed
jointly with Nissan Motor Co., Ltd (hereafter Nissan).
Nissan was in charge of developing the motor support
structure and JATCO was responsible for developing
and optimizing the case stiffness for supporting the
electric motor.
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1. Introduction

In general, the functions required of a transmission
case including the following:
@ Mountable to the vehicle
@ Support for the transmission components inside
@ Resistance against impacts from outside
@ Hermetic sealing while fitted with a breather
(breather performance)
@ Fluid flow passage to transfer hydraulic pressure
@ Heat radiation
@ Quietness by suppressing noise and vibration
Vigorous efforts are consistently undertaken
through effective use of computer-aided engineering
(hereafter CAE) tools to satisfy the requirements of
the aluminum monocoque case structure and provide
the functions above. This article describes the
technical measures developed through the use of CAE
to secure quietness and breather performance, which
were one of the technical issues of the CVT case for
hybrid vehicles that were addressed in this project.
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Torque converter

Common parts

Electric motor

Fig.1 Comparison of conventional and
hybrid transmissions

2. Issues of CVT CASE for CVT8 HYBRID

Replacing the torque converter with an electric
motor (Fig. 1) raise following technical issues that
had to be addressed (Fig. 2).

(1) Because the CASE supports the motor, it must have
sufficient stiffness against the reaction force of the
motor drive torque, stress produced by attaching
the motor, and vertical, longitudinal, lateral and
other external forces from the usage environment
that can be expected to occur during vehicle use by
customers. Additionally, stiffness for supporting
the motor weight must be balanced with the need
for lower stiffness to suppress degradation of
vehicle noise/vibration performance due to the
direct transfer of motor vibrations to the CASE.

(2) Because the motor is positioned adjacent to the
internal structural components of the
transmission, there was concern that the reduced
cubic capacity for securing breather performance
might affect oil droplet spray.

(3) Mounting the motor increases the overall length of
the CASE compared with the use of a torque
converter. The case also needs larger openings
than previously for the terminal supplying
electricity to the motor and for motor cooling,
among other purposes. These differences
substantially change the monocoque case
structure.

(4) A fluid flow passage had to be added for the
control pressure that actuates the dry multiplate
clutch housed in the motor.

(5) An electric oil pump was added for cooling the
wet multiplate clutch provided in the transmission
as the vehicle start-off element in order to ensure
the clutch's hardware reliability. Space for
mounting the pump and the cooling oil passage
had to be secured.

(1) Balance of
shaft support stiffness

(2) Breather performance
(3) Larger case openings

(4) Additional oil passage
for clutch engagement
(5) Mounting of the electric oil pump
and additional oil passage for clutch cooling

Fig.2 Challenges in developing hybrid transmission case
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Transmission case

Motor housing (stator)

Support plate

Fig.3 Floating motor mounting structure
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The following sections describe the technical
measures taken to ensure quietness by adopting an
innovative motor support structure and to secure
breather performance. These two issues in particular
were key aspects that had to be resolved in the course
of developing the transmission case.

3. Principal Technologies Involved in Developing the
Transmission Case for CVT8 HYBRID

3.1. Motor noise reduction technology
3.1.1. Use of CAE to identify a structure for reducing
radiated noise

The motor incorporated in a CVT8 HYBRID
produces high-frequency noise caused by
electromagnetic excitation force as the vibration
source. Motor noise is especially apt to be heard
during cooperative regenerative braking when the
engine is stopped because the motor is generating its
maximum output under a condition of low
background noise. It was necessary to optimize the
motor structure in order to obtain the quietness
demanded by customers even under this operating
condition. A radiated noise simulation was conducted
using the infinite element method to identify a
structure having the potential to reduce motor noise
substantially.

3.1.2. Adoption of a low stiffness support structure at
nodal points

CVT8 HYBRID developed based on Jatco CVT8
which does not have inbuilt motor, a large diameter
motor was adopted to satisfy the layout requirement
for a short overall length and also to secure the
necessary motor output. Consequently, because the
motor would be connected directly to the CASE,
vibration induced by electromagnetic excitation force
would be transferred directly to the case, making it
difficult to satisfy customer demands for outstanding
quietness. To avoid that, a low stiffness support
structure was developed for this CVT8 HYBRID
system to connect the motor to the case by means of a
low stiffness support plate (Fig. 3). This optimal
support structure was found in the CAE simulation
mentioned above.

With the adoption of this anti-vibration structure,
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(displacement contour map of structural resonance mode)
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radial stiffness was reduced because of the limitation
on the plate thickness of the motor housing
supporting the stator. As a result, structural resonance
occurred around 1700Hz due to the radial expansion
and contraction of the motor housing. This resonance
was induced by excitation force in the stator radial
direction because the shape of the motor housing is
not completely symmetrical and it amplified the
vibration transmitted to the CASE. A nodal point
support structure was adopted to reduce motor noise
in this resonance mode region. In the case of
structural resonance, there are nodes where minimum
vibration occurs. Nodal positions were identified by
conducting an FEM simulation, and the motor was
attached to the CASE at those positions by a support
plate, thereby reducing the transmission of vibration
to the CASE (Fig. 4).

The effect of this anti-vibration structure was
predicted in a radiated noise simulation using the
infinite element method. It was found that motor
radiated noise was reduced by as much as
approximately 14dB in the motor operating speed
range above 1200rpm (Fig. 5).

Iw dB Div.
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Frequency [Hz|

Fig.5 Effect of the floating motor mounting structure

As another measure for further reducing motor
noise in the motor operating speed range, an
eigenvalue design technique was applied to the
torsional resonance of the motor housing. Because the
heavy motor housing (stator) in the anti-vibration
structure is supported by a low-stiffness support plate,
it displayed torsional resonance at 820Hz near the
actual usage of motor operating speed range. This
resonance was induced by excitational force in the
stator's circumferential direction and it amplified the
vibration transmitted to the CASE. That also caused
greater motor radiated noise in the motor operating
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speed range above 1200rpm which is above the actual
usage. The motor housing torsional resonance was a
mode in which the support plate and the bosses on the
CASE for fastening the plate became a spring.
Because the support plate already had a low-stiffness
structure, it was estimated that reducing the stiffness
of the bosses would be more effective against noise.
This measure made it possible to separate the motor
housing torsional resonance from motor operating
speed range in actual usage.

3.1.3. Optimization motor support stiffness

One of the major issues that had to be examined to
reduce boss stiffness which fastens support plate was
the level of motor mounting stress needed to support
the motor weight. Another major issue was thermal
stress between the aluminum case and the motor
assembly made of steel having a different coefficient
of thermal expansion. These issues were examined
under various conditions like those noted below.

@ Motor mounting stress

@ Thermal stress

@ Stress induced by reaction force to the motor drive
torque

@ Stress due to the hydraulic pressure of the dry
multiplate clutch

@ Stress induced by unbalance

@ Increased stress corresponding to cornering and
other driving conditions

As the first step in the simulation procedure, the
motor mounting stress and the stress induced by
driving conditions were found by a simple
calculation. These stresses are the factors having the
greatest degree of influence.

The specifications determining these two key
factors were then varied in order to select the
optimum specifications. The influence of the other
remaining factors was also considered in the process
of proceeding with the calculations.

Fig. 6 shows a typical example of the CAE
simulation results. In the initial stage, stress
developed locally in the rib in relation to the input
force. The rib width was then expanded and the rib
was curved without changing the area of contact
between the bosses and the rib. The simulation results
confirmed that these measures were effective in
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Motor Housing rotational mode
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Fig.7 Improvement of motor housing torsional
resonance mode
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Fig.8 Contributions to motor radiated noise
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reducing stress by dispersing the stress of the
surrounding shapes.

As a result, the frequency of the motor housing
torsional resonance was lowered by approximately
100Hz, making it possible to reduce motor radiated
noise further by as much as approximately 7dB (Fig. 7).

A prototype case was then manufactured on the
basis of the simulation results and tested to confirm
its thermal history, excitation vibration characteristics
and in-vehicle performance. Good results were
obtained in every test, enabling the development
process to proceed smoothly without any reworking
of the design.

3.1.4. Motor noise reduction through stiffness design
of radiating surfaces

The noise radiation characteristics of the CASE
were improved by increasing its surface stiffness,
which worked to reduce motor noise radiated from
the case. In this investigation, the CASE was divided
into 22 divisions and the noise radiated from each
divided area was estimated. The results were used to
calculate the respective contributions to radiated noise
at each frequency (Fig. 8). As a result, the positions
effective for reducing radiated noise were identified
in the frequency region of interest. The rib geometry
was optimized and the case thickness was increased
to improve the stiffness of those positions. As
described here, the application of this technique for
simulating radiated noise made it possible to reduce
motor radiated noise efficiently.

3.2. Assurance of breather performance

Fig.9 illustrates how oil drops are sprayed during
operation of the transmission. A key issue is to
eliminate any outside leakage through the breather of
oil churned up by the rotation of the final gear in the
transmission (Fig. 9-Q)

In this development, to place motor in CASE, Jatco
CVTS8 which does not have motor in built, a small
positioning guide was provided for the motor in the
space where a gap formed in the conventional layout.
That reduced the cubic capacity of the breather
chamber, which could greatly affect breather
performance. Because there was concern that it might

cause a decline in breather performance, it was
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(D Rotational direction of final gear

(@ Rotational direction of oil pump chain
(@ Breather chamber

Fig.9 Mechanism of oil spray into breather chamber
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Breather chamber
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Fig.10 Comparison of breather chambers

regarded as a priority issue (Fig. 10).

To address this priority issue, a particle method
was used to perform a virtual simulation analysis
encompassing a comparison with the Jatco CVT8
specifications which does not have inbuilt motor, a
parametric study for investigating improved
specifications, and the determination of the final
prototype specifications.

Fig.11 shows a typical example of the simulation
analysis results. Jatco CVT8 which does not have
inbuilt motor, it is seen that particles stagnated in the
breather chamber. With the first hybrid case shape,
the particle flow velocity was initially faster than that
seen for the Jatco CVT8 which does not have inbuilt
motor and the particles reached the top of the breather
chamber. The countermeasure that was adopted
prevented such particle behavior and breather
performance equal to that of the Jatco CVT8 which
does not have inbuilt motor was maintained.

Trace of particles

By particle analysis method as mentioned above,
ATF droplet condition simulation shorten the period
for determining breather performance related
specification compared with previous method.
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4. Conclusion

Vigorous efforts were made to reduce motor noise
coming from CASE in order to provide the quiet,
comfortable cabin space expected of a hybrid vehicle.
From the early stage of the development process, it
was decided to adopt an anti-vibration structure as the
basic framework of the transmission case. Moreover,
during the development process, a radiated noise
simulation method was used to improve noise
radiation characteristics efficiently without rework.
As aresult, a level of quietness was achieved that will
satisfy customer's expectations for a quiet cabin
during motor-only driving.

In addition, CAE was applied to ensure breather
performance, which was another priority issue that
was resolved smoothly.

At the end, we would like to express appreciation
to everyone inside and outside the company for their
tremendous cooperation with the development of the
transmission case.
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Summary Various types of steel-belt CVTs have
been produced since this kind of transmission went
into mass production in 1987 for use on vehicles. This
article describes the technical features developed to
improve the fuel economy obtained with a CVT
engineered for hybrid vehicle use on the basis of a
conventional CVT.
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1. Introduction

JATCO began producing a new CVT for hybrid
vehicles in July 2013. Based on conventional CVT,
this product incorporates a 1Motor2Clutch (hereafter
IM2CL) system. Some of the powertrain parts were
redesigned, among other improvements this product is
being adopted to 380Nm class vehicles. This article
describes the technical features adopted to improve
the performance of vehicles fitted with this hybrid-
vehicle CVT.

2. Development Aims

The CVT for hybrid vehicles was developed with

emphasis put on the following five items.

(1) Optimization of pulley stiffness to obtain both
increased torque capacity and higher efficiency

(2) Optimized shift control

(3) Optimized shifting matching the battery state of
charge (hereafter SOC)

(4) Increased efficiency for regenerating energy
during deceleration

(5) Improvement of regeneration efficiency by
improving automatic engine braking
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3. Details of Principal Technical Features Adopted

3.1. Optimization of pulley stiffness

The clamping force and belt tension induce pulley
deformation when transmitting torque. Consequently,
the difference in tension levels between the tension
and slack sides of the belt causes the running radius to
differ (Fig.1). This running radius difference
increases markedly under high-torque and high-speed
operating conditions.

Our previous analyses of power transmission by the
CVT belt have shown a correlation among pulley
stiffness, running radius difference and torque
capacity. Accordingly, it was decided to improve
pulley stiffness (Fig. 2). As a result, it was found that
stiffer pulleys improved torque capacity by 20%
compared with existing pulleys (Fig. 3).

20% increase

=

Torque capacity [ Nm ]

Existing pulley Higher stiffness pulley

Fig.3 Contribution to torque capacity

Input torque: 350 Nm
Input speed: 4000 rpm

Pulley ratio: 0.7

Higher stiffness

Input torque: 100 Nm
Input speed: 1500 rpm

Pulley ratio: OD

Higher stiffness

Approx.2%
Reduction

Approx.7%
Reduction

>> Friction Torque
)) Friction Torque

Existing Existing

Fig.4 Effect of higher stiffness pulley

Additionally, increasing pulley stiffness made it
possible to reduce the thrust force needed to attain the
same level of torque capacity. As a result, required
pulley hydraulic pressure was reduced that also
enabled the drive torque of the oil pump to be
reduced. These improvements contributed to friction
reduction of 2-7% (Fig. 4).
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3.2. Optimized shift control

Hybrid vehicles adopt a Powertrain Torque
Demand (hereafter PTD) control system to achieve
integrated control of the engine, Motor-Generator
(hereafter MG) and CVT. The PTD control system
determines the target drive torque and also determines
power source torque target and CVT ratio target. The
energy management module outputs a command
value that becomes the optimum operating value for
engine/MG torque control and CVT ratio control,
taking into account the battery SOC and other
parameters. Each of the units operates in accordance
with the command value. In addition, the adaptive
control module requests to compensate these control
procedures based on the driver's intention.

3.3. Optimized shifting matching the battery SOC

An effort was made to optimize CVT shifting so as
to match the battery SOC. For the purpose of
improving fuel economy, shift control is performed so
that the engine can trace its optimum operating
condition. For example, when the MG is generating
electricity to replenish SOC during driving, the torque
consumed by the MG for power generation is
compensated while keeping the drive torque at a
constant level. Moreover, the CVT is shifted so that
the engine torque traces the optimum operating
condition, which contributes to replenishing the
battery SOC while consuming less fuel.

3.4. Increased efficiency for regenerating energy
during deceleration

When the driver depresses the brake pedal, braking
force is allocated between the MG and the vehicle
braking system based on the target deceleration G
(gravity). This process is called Cooperative
Regenerative Braking, the aim of which is to use the
MG to regenerate electricity during deceleration.

The combined regeneration efficiency of the MG
and inverter during energy regeneration is shown in
Fig. 7. Electricity can be generated more efficiently by
using the dark blue region. Fig. 8 shows CVT shift
schedule on which MG efficiency characteristics are
superimposed.

As shown in the figure, shifting the CVT raises the
MG speed, resulting in better efficiency. This
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Fig.8 CVT shift control during regenerative braking

increases the quantity of electricity that can be
regenerated at the same level of braking force. The
target MG output during cooperative regenerative
braking varies according to brake pedal force applied
by driver. The seamless shifting capability of the CVT
enables the MG to maintain high operating efficiency.

3.5. Improvement of regeneration efficiency through
automatic engine braking control

In a vehicle equipped with a conventional CVT,
braking force cannot be controlled by the engine alone
while the fuel supply is cut off during deceleration.
For that reason, braking force has traditionally been
managed by means of shift control. One advantage of
a CVT especially on a downhill is automatic engine
braking using the transmission's smooth shifting
capability. Shift control (i.e., automatic engine braking
control) is performed to achieve any arbitrary braking
force, thereby suppressing any unnecessary increase in
speed (Fig. 9).
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Fig.9 Automatic engine braking control using CVT
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In a hybrid vehicle, energy regeneration by the MG
achieves the same smooth automatic engine braking
control as that conventionally accomplished by CVT
shift control on downhill. Simultaneously, electricity
can be regenerated to improve fuel economy (Fig. 10).

4. Conclusion

In developing this CVT for hybrid vehicles, both
the hardware and software were optimized as
described in this article, which contributed to achieve
good fuel economy and driveability.

At the end, we would like to thank the departments
involved both within and outside the company for
their tremendous cooperation with the development of
this CVT for hybrid vehicles.
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Development of an Electric Oil Pump for Hybrid Vehicle Transmission
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Summary Hybrid vehicles have attracted growing
interest in recent years owing to steep increases in fuel
prices and rising environmental awareness. Nissan
Motor Co., Ltd. (hereafter Nissan) and JATCO jointly
developed hybrid RWD 7-speed automatic
transmission (hereafter AT) and it has 1Motor 2Clutch
(hereafter IM2CL) system which is developed by
Nissan. This is AT is being manufactured at JATCO.
This article describes the challenges involved in
developing an electric oil pump that is attached to this AT
and the solutions that were achieved to overcome them.
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Fig.1 7-speed transmission for rear wheel drive
hybrid vehicles
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1. Introduction

The 1M2CL transmission (Fig. 1) must be able to
accommodate various driving situations, including an
engine drive mode with motor assist, a motor drive
mode and an idling stop mode, among others.
Therefore, the development concept formulated for
the hydraulic pressure supply system for this AT was
to add an electric oil pump to supplement the
mechanical oil pump.

2. System Structure

The mechanical oil pump is the same as the AT
pump used to generate and supply hydraulic pressure
on conventional vehicles. It is laid out at the rear of
the front case which houses the main motor and is
directly connected to the input shaft for discharging
hydraulic pressure (Fig. 2).

The electric oil pump is positioned at the bottom of
the front case on the outside. It supplies hydraulic
pressure to the AT by means of an intake pipe and a
discharge passage (Fig. 3).

These two pumps must supply the hydraulic
pressure according to the driving situation in order to

* i AT LB
Hardware System Development Department

= HEAB MR R HEVE G BISEED
NISSAN MOTOR CO., LTD. HEV Product Development
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Fig.2 Main oil pump layout
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Fig.3 Electric oil pump

ensure and maintain hydraulic pressure inside the AT
while sharing their respective role. Because of its
operating characteristic, the electric oil pump can
supply hydraulic pressure flexibly by controlling the
drive current. That characteristic enables the pump to
be used for supplementing output shortage of the
mechanical oil pump.

Fig. 4 shows the configuration of the hydraulic
pressure supply circuit that combines the mechanical
and electric oil pumps. Electric oil pump and mechanical
pump suck automatic transmission fluid (hereafter ATF)
inside oil pan via an oil strainer, raise the ATF pressure
and supply it to a sub-valve. The sub-valve contains a
flapper valve that mechanically opens the high-pressure
side and closes the low-pressure side so that the high
pressure fluid is supplied to the main valve.

= |
Sub-valve

i
Flapper valve L T

Relief valve i

MECHANICAL
o/P

Main valve |-g= =
Oil strainer |=# !

Fig.4 Hydraulic pressure supply circuit

3. Necessity and Usage of the Electric Oil Pump

This section describes two types of driving situations
in which it is necessary to use the electric oil pump.
The first type of driving situation is, when clutch-1
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Fig.5 Disengaging clutch-1 during engine stop

(hereafter CL1) that decouples the engine and the AT
is disengaged. CL1 is positioned between the engine
output shaft and the AT drive shaft. It functions to
transmit engine torque to the AT or intercept engine
torque. CL1 structure is designed such that the clutch
disengages when hydraulic pressure is applied and it
is engaged when pressure is not supplied.
Accordingly, the electric oil pump supplies hydraulic
pressure to disengage CL1 when there is a demand for
decoupling of the engine and the mechanical oil pump
cannot provide the required pressure because it is not
rotating. This type of situation includes idling stop
and vehicle launch in the EV mode. This pressure
supply continues until the input shaft reaches a high
enough rotational speed so that the mechanical oil
pump can supply sufficient discharge oil flow (Fig. 5).

The second type of driving situation involves
providing an ATF supply assist when the mechanical
pump is at a high temperature level. There are
situations while driving when the input shaft is rotating
at a low speed. For example, one such situation is when
the driver releases leg from accelerator pedal to
decelerate the vehicle and the transmission shifts to a
higher gear range. In this situation, the flow rate from
the electric oil pump is combined with that from the
mechanical oil pump to provide hydraulic pressure to
the clutches that require pressure, including the start-
off clutch and shift clutches in the AT. In addition,
even if the input shaft rotating speed is not low, the
flow rate supplied from the mechanical oil pump
decreases when ATF temperature rises. To prevent
insufficient fluid flow for lubricating and cooling the
clutches, the electric oil pump supplements fluid flow
at high ATF temperatures.

(OPEN) (OPEN)

!

s

(CLOSE)

Lubrication &
coolin

OIL STRAINER | =

Fig.6 Fluid supply assist during high fluid temperature
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4. Hardware Reliability of Electric Oil Pump

The current supplied to the electric oil pump is
controlled by a dedicated inverter and controller. The
integrated inverter-controller is located in the vehicle
trunk and is connected to the oil pump motor via a 3-
phase wiring harness (Fig. 7). This separation from
the oil pump itself was done in consideration of the
operating environment advantage of protecting the
integrated inverter-controller from heat, water
splashes and other harmful impact.

A crescent-less trochoid oil pump was adopted
because of its high discharge rate, low noise and high
efficiency (Fig. 8). Moreover, because the electric oil
pump is required to operate during idling stop, the
optimum discharge port angle was set for suppressing
pressure pulsations induced by the order components
of the number of gear teeth so as to keep the noise

level sufficiently low.

Direction of
rotation

Fig.8 Crescent-less trochoid pump

A surface permanent magnet (hereafter SPM)
synchronous motor was adopted to drive the pump.
The motor is characterized by its good torque response
and controllability because it can efficiently use the
strong magnetism of the magnets (Fig. 9-a & 9-b).

Fig.9-b Cross section of electric oil pump
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Table 1 Power supply timing table of 180-degree
vector control

120° 180°

0° 60°

Upper coil A

240° 300° 360°

Upper coil B

Upper coil C
Lower coil A
Lower coil B
Lower coil C
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A sensorless method that does not use a Hall
element was adopted for detecting the rotor position.
The motor current is estimated from the power source
current and rotor position information is obtained
directly from the motor current. This method avoids
the cost of adding a position sensor and also improves
reliability in the high-temperature operating
environment. A skew angle is provided for
magnetization of the magnets so as to prevent pump
gear tooth striking noise due to output torque
fluctuations generated by cogging torque in the motor
(Fig. 10-a & 10-b).

Without skew

AT A
JAVAVAVAVAVA
§ v/ \ ‘/ \V/

Fig.10-b Cogging torque reduction by the skew angle

5. Assurance of Operating Reliability of Electric Oil
Pump System

The method adopted for controlling the motor is
180-degree sensorless vector control. As the name
implies, this control method does not use any sensors
such as an encoder, resolver or magnetic sensor. The
counter electromotive voltage from rotating motor
obtained with the 3-phase wiring inside the controller
is detected, and the rotor position (magnet pole
position) and speed are estimated to facilitate
permanent magnet (hereafter PM) motor control.
Because counter electromotive voltage is low when the
motor is started and when it is operating at low speed,
the rotor position cannot be detected. For that reason,
startup sequence control was adopted to rotate the
rotor magnets in synchronization by means of forced
commutated current, and a transition to sensorless
control is made once the speed is raised to a level
where counter electromotive voltage can be detected.

180-degree vector control is performed without any
Off-time for each phase. The upper or lower level
switching elements of each switch is always On. Table 1
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shows the power supply timing for this control procedure.

The hydraulic pressure that the electric oil pump is
required to discharge varies according to the vehicle
situation. Torque control was adopted to deal with
fluctuations in the demanded pressure. This control
allows the pump motor speed (i.e., flow rate) to be
adjusted to match such fluctuations, thus enabling a
stable supply of hydraulic pressure.

On the other hand, the load applied to the electric
oil pump varies according to the condition of the
component parts on the discharge side. Because the
object of torque control is to deal with torque (i.e.,
current), load variations can cause sudden
simultaneous changes in the motor speed as well. In
such cases, the motor may lose synchronism. This
means that there are two aspects to torque control.
One is that it can flexibly vary the motor speed to
match the target torque, thereby enabling efficient
generation of stable hydraulic pressure. The other
aspect is that it can give rise to sharp changes in
motor speed when the load varies suddenly, thus
making the load change even bigger.

Specific examples include manual valve operation
such as when the driver operate shift lever from
neutral position to drive position, sudden variation in
the discharge rate of the directly connected
mechanical oil pump at the time of engine start, and
changes in the fluid flow rate to the shift clutches and
brakes. Fig. 11 shows the details of the system
operation when such sudden changes occur. Various
controls were adopted to prevent loss of motor

synchronism in such transient driving situations.

@ Introduction of startup sequence acceleration rate time

The electric oil pump must start up from a zero
speed state with the flapper valve and relief valve
closed. The pump is started every time from a
condition of a rising speed while opening the relief
valve (Fig. 12).

However, because of its no response characteristics,
the relief valve does not open immediately in such a
driving situation. As a result, a high fluid pressure
condition develops in the electric oil pump because the
ATEF is rapidly pressurized at the moment the electric
oil pump begins to operate. There was concern that the

motor might lose synchronism by not being able to
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follow the drive torque produced by the rotor magnets
in relation to the commutated current in the startup
sequence. As a method for resolving this issue, a
control procedure was adopted that sets the
commutated current acceleration rate, which is the
startup sequence parameter, to match the startup
resistance at each fluid temperature level (Fig. 13).

Startup sequence acceleration rate

0°C

[rpm]

Rotational speed

Time [msec]
Fig.13 Startup sequence acceleration rate

@ Introduction of fixed torque control

Because the electric oil pump adopts sensorless
torque control, the transition from the startup sequence
to sensorless operation is made from the time when the
induced voltage can be fully detected in the startup
sequence. Therefore, the applied current is maintained
and output at a slightly higher level in the startup
sequence in order to make the rotor magnets follow the
current reliably. However, immediately after the
transition to sensorless control, the current decreases
toward the current level commensurate with the target
torque. Accordingly, there was concern that the motor
might lose synchronism because of the decline in torque
in the transient period during the transition from the
startup sequence to sensorless control. As a method for
resolving this issue, a control procedure was adopted
that keeps the target torque in this unstable region of a
certain duration at nearly the maximum torque level

Motor torque

S

Sequence control —— — Feedback control
! Fixed torque area

—

Fig.14 Fixed torque area

Rotational speed

Time

Time
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comparable to that of the startup sequence. The diagram
in Fig. 14 explains this fixed torque control.

@ Introduction of a rate limiter to suppress speed

fluctuations

Because of the application of torque control, the
electric oil pump is characterized by speed fluctuations
due to load variation. Consequently, the hydraulic
pressure could markedly vary momentarily when the
driver executes a transient operation such as moving
the shift lever from neutral to the drive range. A
control procedure was adopted that keeps the
operating speed of the electric oil pump from changing
excessively in such driving situations, thereby
suppressing sudden load changes and avoiding the loss
of synchronism. Specifically, the rate limiter is
defined as shown in Fig. 15 to suppress any sudden
acceleration or deceleration of the electric oil pump.

@ Introduction of optimal speed control of the

electric oil pump

Fluid temperature variation causes the pump side
clearance and ATF viscosity to change, which has the
effect of changing the operating speed required of the
electric oil pump. Too high speed produces a noise
issue and too low speed results in an unstable supply
of hydraulic pressure. To avoid that, an optimal speed
control was adopted for the electric oil pump as
shown in Fig. 16. Specifically, this control functions
to keep the pump operating speed in the optimal range
in relation to the fluid temperature.

Fluid temperature vs. rotational speed

Rotational speed (rpm)

Fluid temperature (C)

Fig.16 Optimal operating speed control

@ Introduction of warm-up control
When the vehicle is started at a very low
temperature, the electric oil pump begins to operate
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once the ATF temperature reaches the level needed for
pump operation, i.e., the fluid temperature at which
EV driving is possible. At that time, the temperature
of the unused ATF in the piping on the pump suction
side is different from the temperature of the ATF in
the transmission. There was concern that the higher
load by high ATF viscosity might cause a loss of
synchronism. As a method for resolving this issue, a
warm-up control procedure was adopted that equalizes
the temperatures of the ATF in the transmission and in
the piping. That is accomplished by replacing the ATF
in the piping with warmed-up ATF from transmission
in advance before a request for electric oil pump
operation is received. The diagrams in Fig. 17 explain
this warm-up control procedure.

6. Conclusion

This article has described a new electric oil pump
developed for hybrid vehicles to provide a stable
supply of hydraulic pressure for maintaining the
required clutch pressure levels even during EV driving.

At the end, we would take this as a opportunity to
thank departments within and outside in the company
for their tremendous cooperation with the
development of this electric oil pump.

In addition, control method of this electric oil pump
was developed jointly with Hitachi Car Engineering
Co., Ltd.
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Summary JATCO modified the production line
used so far for conventional CVTs into an assembly
line for also producing CVT hybrid electric vehicles
(hereafter HEV). Mass production was started on this
model mix assembly line in July 2013. This assembly
line builds medium and large capacity CVTs for use
on the vehicles of various automakers. It can flexibly
accommodate production volume fluctuations and
future additions of other transmission models as well
as ensuring high product quality. This article presents
an overview of this model mix assembly line and the
concepts incorporated in the process design.
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1. Introduction

The Jatco CVT8 (hereafter CVT8) was developed
as a new generation medium and large-capacity CVT
for use on FWD vehicles, giving JATCO a product
lineup combining existing conventional CVT with
CVTs for hybrid electric vehicle (hereafter HEV
CVT) application. In order to produce, the existing
CVT assembly line at the Yagi Plant was modified
into a model mix assembly line that facilitates
efficient production of the conventional JFOI1E
medium-capacity CVT, conventional CVT8 and
CVT8 HEV on the same line.

The processes specific to HEV CVT were established
independently while making the maximum possible use
of the existing facilities of the conventional CVT line.
In this way, every effort was made to hold down capital
investment and manpower requirements and also to
improve flexibility for accommodating production
volume fluctuations.
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2. Line Overview

2.1. Profile

Location : Yagi Plant

Production start date : July 2013

Capacity : 43,000 units/month including
4,000 HEV/month

Area :5,400 m’

Automation rate :36%

Number of models produced:
Conventional JFO11E: 6 models
Conventional CVTS8: 4 models
CVT8 HEV: 2 models

2.2. Process flow
Fig. 1 shows the flow of operations of assembly

line after being converted it for model mix production
of conventional CVT and HEV CVT. Based on the
configuration of the existing line, the following
processes were established exclusively for HEV CVT
without sharing them with conventional CVT.

@ Processes which are specific for HEV CVT and
required large manpower per process.

@ Processes required large capital investment if
facilities were common for conventional CVT and
HEV CVT and investment reduction benefit can
be obtained by establishing exclusive production
facility.

3. Line Features

This section describes the features of model mix
production of conventional CVT and HEV CVT.

3.1. Shared processes with conventional CVT

In the simultaneous activities carried out prior to the
production start, efforts were made to commonalize
parts and installation methods between conventional
CVT and HEV CVT. As a result, approximately 80%
of the processes are shared in common by the two types
of CVTs. In addition, existing island-like operations
were incorporated into the main line processes to
increase the degrees of freedom for organizing work
according to production volume fluctuations. As a
result, this made it possible to suppress capital
investment and manpower requirements.
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3.2. Motor assembly line
3.2.1. Overall motor assembly line

An independent line exclusively for motor
assembly was established based on configuration of
the assembly line for JATCO's JR712E 7-speed
automatic transmission for RWD HEV (Fig. 2). The
line was designed around manual operations using
general-purpose equipment in order to enhance
process flexibility. Working ease was improved by
optimizing the job volume in each operation based on
the results of a workability investigation conducted
through simultaneous activity by development and
production engineers.

3.2.2. Facilitating common production of conventional
CVT and HEV CVT

The motor assembly line was positioned between the
first and second halves of the main line based on the
results of a comprehensive consideration of the
transmission structure and the condition of the unit
during assembly operations. The positioning of this
HEV CVT specific process in the middle of the main
assembly lines causes the order of production to change
at that process. To deal with that situation, the HEV
CVT production lots are divided at an equal spacing and
rejoined with the conventional CVT again with a two-
lot delay. This arrangement eliminates any difference in
capacity between the processes shared with the
conventional CVT and the motor assembly line (Fig. 3).

HEV
n+3 lot
4 units

MAIN Conventional Conventional SIS Conventional EREISYAN Conventional

ASS’Y n lot n+1 lot n+1 lot n+2 lot n+2 lot n+3 lot
1st 28 units 28 units 4 units 28 units 4 units 28 units

Motor

ASS’Y

Waiting Waiting
lane lane

MAIN Conventional SIS Conventional I\l Conventional [EMzI="AN Conventional [Slz(=Y
ASS’Y n lot n-2 lot n+1 lot n-1 lot n+2 lot n lot n+3 lot n+1 lot
2nd 28 units 4 units 28 units 4 units 28 units 4 units 28 units 4 units

Fig.3 Flow of motor assembly process

3.3. Development of a final tester
3.3.1. Development of a general-purpose inverter for
driving the motor

A general-purpose inverter was developed jointly
with Myway Plus Corporation for driving the motor
under optimal conditions in the final tester. This
inverter facilitates made possible common production
of HEV CVT with different motor characteristics.
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3.3.2. Creation of high-voltage cable jig

The length and shape of the high-voltage cable that
supplies electricity to the motor differ depending on
the vehicle model. Issues mentioned above about
various applications in future were clarified in an
advance study. Therefore, a jig was created for the
high-voltage cable used in the final tester. This cable
is attachable & detachable just before and after the
final tester. The high-voltage harness for shipment is
installed in the final process of the assembly line.

As a result, this minimizes the operations in which
work is done with the high-voltage cable fixed on
transmission, thereby reducing as much as possible
any interference with and deterioration of workability
in the shared assembly processes (Fig. 4).

3.3.3. Sharing of structures with existing facilities for
conventional CVT

Dedicated HEV CVT facilities were adopted in this
project to avoid any influence on the production of
conventional CVT in connection with the improvement
of the final tester for accommodating HEV CVT.
However, the mechanisms for transmitting
inputs/outputs were based on the existing final tester
for conventional CVT with an eye toward the future
sharing of facilities between conventional CVT and
HEV CVT, or remodeling of facilities for diverted use
and other possibilities.

A multi-tester was developed that integrates the
final tester and the gear noise tester, which previously
were separate facilities. This held down capital
investment in the general-purpose inverter and other
equipment. It also worked to shorten the testing time
by reducing the work involved in carrying in and out
CVT before and after testing (Fig. 5).

3.4. HEV CVT exterior washing process

A washing machine was newly installed for cleaning
the exterior of HEV CVT because the motor and other
electric components are in an exposed condition on
HEV CVT. This washing machine is based on the
structure of the washer adopted on the assembly line of
the JATCO's JR712E 7-speed automatic transmission
for RWD HEV, which has the same basic configuration,
except that the electric components do not go inside the
machine. One notable feature is that a replaceable water-
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blocking plate was adopted in order to accommodate
expansion of CVT variations in the future (Fig. 6).

4. Conclusion

This article has described how the existing CVT
assembly line was modified to facilitate model mix
production with CVT for HEV application. An
overview of the line was presented along with
describing the process design. Start of this model mix
assembly line was made possible by the tremendous
cooperation received from many people. This
included not only persons directly involved in
production but also from equipment manufacturers
and people in the company's product development,
testing, prototyping and quality assurance
departments. We would like to take this opportunity to
thank everyone involved.

It is expected that the need for model mix
production of conventional CVT and HEV CVT will
increase in the future, making it necessary to proceed
with further technological development activities. It is
envisioned that model mix production will not stop
with CVT assembly line as Yagi plant but will be
extended to other lines along with undertaking further
development efforts.
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Summary In January 2012, JATCO installed a new
assembly line at the Yagi Plant for producing the
Jatco CVTS (hereafter CVTS). This line produces the
CVTS8 adopted to Altima, Pathfinder, Serena and
other models of Nissan Motor Co., Ltd. Flexibility
and ease of launching were also pursued for
transferring the line to JATCO Mexico (hereafter
JMEX) for producing the Jatco CVT8 HYBRID
(hereafter CVT8 HYBRID). This article presents an
overview of this flexible assembly line and describes
the process design.
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1. Introduction

Among the CVTS8 series units, the product
development and manufacturing departments worked
closely together to prepare this line for producing a
unit featuring a newly adopted chain. It was decided
to launch production in Japan first in order to
implement quality improvements and then transfer the
line to the JMEX plant later.

The process design was developed with
consideration about future production of the CVT8
HYBRID at overseas plants. Flexibility was
embodied in the assembly line for producing the
CVT8 HYBRID because many of its specifications
were still undecided at the stage of developing the
process design.

Installation of the assembly line at overseas plants
was considered as well as line layout was planned to
get it transferred overseas easily.

Iy M wk YR AF LT

Production Engineering Department

" 2= NEBRE
Experiment Department
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2. Line Overview

2.1. Profile

Location : First Yagi Plant
And transferred to
JMEX

Production launch dates  : January 2012 (Yagi)

September 2013 (JMEX)

Capacity : 12,000 units/month
Area 1800 m’
Automation rate 1 12%

CVTS8: 2 models
CVT8 HYBRID: 2 models

Number of models produced :

2.2. Process flow

Fig. 1 shows the flow of the unit assembly process.
The sub-assemblies built on each of the sub-lines are
supplied to main lines #1 to #3 for the main assembly
operations. Fully assembled units go through the final
test line and are then ready for shipment.

2.3. Layout

There are many parts and part variations installed
on the main lines. For that reason, a dedicated
marshalling conveyor was adopted and parts are
supplied in kits. These steps were taken to pursue
flexibility, optimize the parts supply area and also
ensure the feasibility of the line layout.

The line layout was planned to fit in an area of
approximately 800 m’, measuring 50 m long x 16 m
wide, in consideration of the installation space
constraints at JMEX.

The installation floor space needed for the case

q F ] }i (T -
: ||l o] 2
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5 wi | MAIN LINE #1 MAIN LINE #2 &

|3 w
=
% § % o | — FINALTEST E
% e = T i iy
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Fig.1 Flow of CVT assembly
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sub-line, housing sub-line and other sub-lines, on the
other hand, was reduced by eliminating conveyors as
a result of not using work bases (hereafter W/B) for
transferring parts. As a result, the installation floor
space per unit production volume was reduced by
approximately 30% compared with that of the same
CVTS assembly line installed at Yagi Plant. That
footprint reduction made it possible to install the line
in the available area at JMEX.

3. Line Features

The following sections explain in particular the
measures taken to pursue flexibility and reduce the
line footprint.

3.1. Pursuit of main line flexibility

Multi utility was considered into the main lines
buildup because it was envisioned that they would
assemble various types of CVT. For that reason,
dedicated press-fitting machines and special-purpose
measuring instruments, which previously have often
been installed on the main assembly lines, are
installed on the case and housing sub-lines. The main
lines consist only of automated assembly equipment
using robots and manual operations.

In this way, even if new CVT models requiring major
changes are assigned to the main lines in the future, their
impact on the main assembly lines will be minimized.

3.2. Adoption of flexible tightening processes

Tightening processes are premised on manual
operations using hand-held nut runners with a
position detection function in order to ensure
flexibility. All-automatic equipment is used only in
the following situations.

Fig.4 Automatic tightening
machine using NC
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Fig.5 W/B for kitting parts

Fig.6 W/B for kitting parts

Fig.7 Kitting tray (O

Fig.8 Kitting tray (2)

@ In cases where many places must be tightened and
there are many position variations (tightening by
robots)

@ In cases involving high tightening torque

At the same time, this approach also reduces capital

investment and the necessary floor area (Fig. 2-Fig. 4).

3.3. Use of a kitting supply system

The use of a kitting supply system was pursued for
the main lines where many parts and part varieties are
installed. With this system, the parts for one CVT are
all supplied in a kit, rather than using parts feeder
chutes.

For main line #2 in particular, parts are supplied
via dedicated conveyors and work-bases and trays,
including for sub-assembled parts such as housings
and cases. This eliminated the use of parts feeder
chutes, which reduced the required floor area and also
secured flexibility for handling larger volumes of
parts in the future. In addition, it also optimizes the
positions for picking up parts (Fig. 5-Fig. 8).

When the kits are supplied, an image of the parts is
shown on a nearby screen to check for incorrect or
missing parts (Fig. 9). This prevents installation of
wrong parts due to model variation differences as
well as failure to install parts.

Fig.9 Pokayoke by image processing system
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3.4. Reduction of sub-line floor area

Work-bases were discontinued on the sub-lines with
the aim of making the equipment itself more compact.
Conveyors were also eliminated to give the layout
flexibility, thereby reducing the floor space of the sub-
lines as well. As a result, space was also secured for
adding special-purpose machines in the future (Fig. 10).

Smart auto part feeders are used to supply cases and
housings in order to lighten the workload of handling
these relatively heavy parts on account of having
discontinued the use of work-bases (Fig. 11-Fig. 12).

Fig.12 Smart auto part feeder (2)

3.5. Implementation of a new production system that
does not use ID carriers (patent pending) D

Previously, production orders were conveyed via a
memory device (ID carrier) attached to each work-
base. Because work-bases were discontinued on the
sub-lines, that practice was no longer possible, so a
new system was implemented.

Wireless LAN technology, which has been rapidly
and widely adopted in recent years, is now used to
transmit production orders directly to the production
equipment. The LAN system reads the serial number
stamped on each part to ensure one to one
management of the production records between
individual parts. This ensures traceability of parts,
which is one of the issues of greatest concern when
transmitting production orders.

The previous method of collecting assembly
quality data via ID carriers was also replaced by the
new system that provides timely collection of data
using the wireless LAN (Fig. 13).
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3.6. Implementation of a new system (2)

Fixed monitors for displaying production orders
were previously installed on manual work lines.
These monitors displayed assembly work information
for the line workers and sent instructions to the
picking center for selecting the right parts. The use of
the wireless LAN technology and tablet PC has
achieved the following benefits on manual lines (Fig.
14 & 15).

Fig.15 Flexible location (New system)

@ Processes can be flexibly moved whenever
production volumes fluctuate or new models are
added to the production model.

@ Large cost reductions are achieved by using off the
shelf tablet PC.

On production lines, periodic checks are made of
certain assembly quality control parameters. In the
event that a change has occurred in a quality control
parameter, it is necessary to confirm when the change
first occurred in the CVT assembly line. Previously,

I 841
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Fig.16 Quality data on tablet PC

4.000

KIALANICVTS LA FFFEAHCVT8 HYBRID
DHEMEZZBLTBY, AMYIF4TDOCVTS
HYBRIDH ] LA L TWw5A., ZTNIZLD,
CVT8LE L CVT8 HYBRIDA: BE B D T 5455 (4
TNEDE) OB RN GHENLT.

X512, CVT8 HYBRIDD [E A A g H AT 12 D W
T, BT TAH5AKRTEOCVTS HYBRIDAL .7
A e =3 528, RO, 3ZBETHALIZLTO
TLEITUMEDE RIZED, IMEXTODAL— A
BT E o7,

KIA DR TLO DL,

AL TATDTLF LTIV K

T I DTLFR DTV E R E T R O fE N
R TR O YL AL

. KITHEG 0% H

N A W N =

Atpld, AR TET7LI TN ERE TR
70— N)VZREB - KL TWEz W,

TV N o/ T VR DTNV EFE Y AT LA,

1851

that was done by going to the server installed
alongside the line. However, on this flexible line a
change can be confirmed on the spot using a tablet
PC, making it possible to take corrective action
promptly (Fig. 16).

Similarly, assembly work instructions (standard
operation sheets) are also stored in tablet PC,
enabling workers to confirm work details anywhere
and anytime (Fig. 17).

=

4. Summary

Production of the CVT8 HYBRID was considered
into this flexible line from the stage of the CVTS
process design, and the dedicated processes for the
CVTS8 HYBRID were eliminated from the main lines.
As a result, the impact of differences in manpower
requirements between CVTS8 production and CVT8
HYBRID production has been minimized.

Moreover, the production engineering specific to
the CVT8 HYBRID at JMEX was the same as that for
the CVT8 HYBRID assembly line already in
operation at the Yagi Plant. Further, the pursuit of
flexibility as noted below and described in section 3
was intended to ensure a smooth launch at JMEX.
The main features of this flexible line are summarized
below.

1. Pursuit of main line flexibility
2. Pursuit of sub-line flexibility and reduction of their
floor area
. Adoption of flexible tightening processes
. Use of a kitting supply system
. Development of a flexible production system using
tablet PC
In the future, we want to deploy and expand this
newly developed flexible production system on a
global scale.
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5. Conclusion

This article has described the new assembly line
developed for the Jatco CVT8 HYBRID, taking into
account production of this unit at JIMEX. An
overview of the line and the process design was
presented, focusing in particular on the pursuit of
flexibility and the reduction of the line footprint.

At the end, we would like to thank the equipment
manufacturers and everyone involved inside and
outside the company for their invaluable cooperation
concerning the launching of the new line.
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Introducing the JFO15E Jatco CVT7 for Nissan FWD Minivehicles
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JATCO's JFO15E CVT, featuring an auxiliary
transmission, is adopted on the DAYZ and DAYZ
Highway Star minivehicles released by Nissan Motor
Co., Ltd. in June 2013. The DAYZ is the first
minivehicle for which Nissan was involved in the
planning from the very beginning. It is the first
minivehicle model to be planned and developed
through three-company collaboration by Nissan,
Mitsubishi Motors Corp. and NMKYV Co., Ltd. One of
its major features is class-leading fuel economy
among tall minivehicle wagons.

The JFO15E incorporates an idling stop function
that is activated before the vehicle comes to a stop and
achieves low friction levels. These characteristics
contribute to the DAYZ's best-in-class fuel economy
of 29.2 km/L under Japan's JCO8 test mode. The
DAYZ contributes to reducing CO. emissions as one
model in Nissan's Pure Drive lineup of eco-cars.

Table 1 Specifications of JFO15E
98 Nm

Torque capacity

Electronic
UUF 185 mm dia.
Low: 2.2 High: 0.55

Control system

Torque converter size

Pulley ratios

Ratio coverage 7.3
Final gear ratio 3.757
No. of selector positions | 5
Overall length 346 mm
Weight (wet) 65 kg

DAYZ Highway Star
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Introducing the JFO15E Jatco CVT7 for Mitsubishi Motors FWD Minivehicles
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Fig.1 Main cross-sectional view

JATCO's JFO15E CVT, featuring an auxiliary
transmission, is adopted on the new ek Wagon and eK
Custom that Mitsubishi Motors Corporation put on
the market in June 2013 as tall minivehicle wagons.
This new model is the third generation in the eK
Wagon series and is the first minivehicle to be
planned and developed by NMVK Co., Ltd., a joint
venture between Nissan Motor Co., Ltd. and
Mitsubishi Motors. One of the major features of this
new model is its outstanding fuel economy.

The JFO15E adopts an idling stop function that is
activated before the vehicle comes to a stop and
achieves low friction levels. These characteristics
contribute to the attainment of class-leading fuel
economy of 29.2 km/L among tall minivehicle
wagons under Japan's JCOS8 test mode. The fact that
all models in the lineup qualify for an eco-car tax
reduction or exemption is one reason behind their
brisk sales.

Table 1 Specifications of JFO15E
98 Nm

Torque capacity

Electronic

UUF 185 mm dia.
Low: 2.2 High: 0.55
7.3

3.757

Control system

Torque converter size

Pulley ratios

Ratio coverage

Final gear ratio

No. of selector positions | 5
346 mm
65 kg

Overall length
Weight (wet)

B Typical models fitted with the JFO15E CVT i
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eK Custom
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Introducing the JF414E FWD 4-Speed AT for AvtoVAZ
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Fig.1 Main cross-sectional view

The JF414E FWD 4-speed AT is adopted on the
March model released in August 2010 by Nissan
Motor Co., Ltd. for the Chinese market. Since then,
its application has been expanded to other models
marketed in emerging economies and North America.
The JF414E was adopted on the new Lada Granta
released by the Russian automaker AvtoVAZ in
Russia in September 2012. Subsequently, it was also
mounted on the Lada Kalina that went on sale in
Russia in July 2013.

The JF414E features an optimal cost, a lightweight
and compact design, and excellent functionality,
durability and reliability, thereby satisfying
customers' performance requirements and earning a
fine reputation in the market.

Table 1 Specifications of JF414E

Torque capacity 150 Nm
Control system Electronic
Torque converter size 205 mm dia.
Gear ratios Ist 2.861
2nd 1.562
3rd 1.000
4th 0.697
Rev. 2.310
Ratio coverage 4.1
Final gear ratio 4.081
No. of selector positions 6 (P,R,N,D,2,1)
Overall length 344.2 mm
Cente.r distan.ce between engine 183 mm
and differential
Weight (wet) 63 kg

B Typical model fitted with the JF414E AT Hi

Lada Kalina
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Introducing the JF41E FWD 4-Speed AT for Geely
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Fig.1 Main cross-sectional view

The JF414E FWD 4-speed AT is adopted on the
March model released by Nissan Motor Co., Ltd. for
the Chinese market in August 2010. Its application
has since been expanded to other models marketed in
emerging economies and North America. The JF414E
was adopted on the Next Generation of the King
Kong that the Chinese automaker Geely Automobile
Holdings Limited put on the market in December
2013.

Featuring an optimal cost, a lightweight and
compact design, and high levels of functionality,
durability and reliability, the JF414E fully satisfies
customers' performance requirements and enjoys an
excellent market reputation.

Table 1 Specifications of JF414E

Torque capacity 150 Nm
Control system Electronic
Torque converter size 205 mm dia.
Gear ratios Ist 2.861
2nd 1.562
3rd 1.000
4th 0.697
Rev. 2.310
Ratio coverage 4.1
Final gear ratio 4.081
No. of selector positions 6 (P,R,N,D,2,1)
Overall length 344.2 mm
Cente.r distaqce between engine 183 mm
and differential
Weight (wet) 63 kg

B Typical model fitted with the JF414E AT Il

King Kong
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Introducing the JFO15E Jatco CVT7 for Suzuki FWD Minivehicles
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Fig.1 Main cross-sectional view

The JFO15E CVT was adopted on the Palette
minivehicle released by Suzuki Motor Corporation in
September 2009 and features a unique structure that
combines a conventional belt-and-pulley CVT with a
planetary auxiliary transmission. This structure achieves
the world's widest ratio coverage for enhanced quietness
in high-speed driving and better fuel economy, while
also providing fast vehicle launch response and excellent
acceleration performance. All of these performance
attributes are highly popular with customers.

In December 2013, a specification without an
electric oil pump was adopted while making minimal
changes to the original unit, thereby achieving both a
substantial cost reduction and good vehicle launch
performance. This JFO15E version is adopted on the
new Suzuki Hustler minivehicle released recently. It is
planned to steadily expand its application to other
minivehicle models in the future.

Table 1 Specifications of JFO15E

Torque capacity 100 Nm

Control system Electronic
Torque converter size UUF 185 mm dia.
Counter gear ratio 1.178

Pulley ratios 2.200-0.550
Ratio coverage 7.3

1st Fwd: 1.821
2nd Fwd: 1.000
Rev: 1.714
3.882

Auxiliary transmission

gear ratios

Final gear ratio

No. of selector positions | 5
343 mm
62.5 kg

Overall length
Weight (wet)

B Typical model fitted with the JFO15E CVT
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Introducing the JFO17E Jatco CVT8 for Nissan Diesel Engine Vehicle
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The Jatco CVTS is adopted on the Qashqai and the X-
Trail that Nissan Motor Co., Ltd. launched in Europe in
February 2014.

The Jatco CVTS is developed for diesel engines
which are in strong demands in the European market.
Featuring low friction and wide ratio coverage, the Jatco
CVT8 helps these models comply with Europe's
stringent fuel economy and CO, emission regulations.
Additionally, the hydrodynamic performance of the
torque converter was improved and the lock-up region
was further expanded to provide improved driveability.
These improvements enable the Jatco CVTS to deliver
the driveability preferred by customers in the European
market where manual transmissions have a high market
share. As a result, the Jatco CVTS is highly evaluated by
customers.

Table 1 Specifications of Jatco CVTS8

Torque capacity 320 Nm

Control system Electronic

Torque converter size 236 mm dia.

Pulley ratio 2.413-0.383

Ratio coverage 6.3

Final gear ratio 5.577

No. of selector positions 6 (P,R, N, D, Ds, M)
Overall length 383.0 mm

Weight (wet) 104.5 kg

1921

X-Trail
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Introducing the JFO16E Jatco CVT8 for Nissan NV200 New York Taxi
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Fig.1 Main cross-sectional view

The Jatco CVTS is adopted on the NV200 New
York Taxi that Nissan Motor Co., Ltd. launched in
November 2013.

Developed for New York Taxi, the Jatco CVT8
achieves high levels of both fuel economy and vehicle
dynamic performance and provides the smooth,
comfortable ride that distinctly characterizes a CVT.
It enjoys immense popularity with customers.
Durability has been assured for the long-distance
driving typical of taxis. This environmentally friendly
CVT has been designed and engineered with both taxi
riders and taxi companies in mind.

Table 1 Specifications of Jatco CVTS8

Torque capacity 210 Nm
Control system Electronic
Torque converter size 236 mm dia.
Pulley ratio 2.631-0.378
Ratio coverage 7.0

Reverse gear ratio 0.745

Final gear ratio 4.828
Overall length 362.9 mm
Weight 90.5 kg

M Typical model fitted with the JFO16E CVT i

NV200 New York Taxi
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Introducing the JFO15E Jatco CVT7 for GM Korea FWD Minivehicles
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Fig.1 Main cross-sectional view

The Jatco CVT7 is adopted on the new Spark-S
minivehicle that GM Korea launched in May 2013.
Jatco CVT7 is substantially improved in acceleration
performance, quietness and fuel economy compared
with the previous model (JATCO 4-speed AT). GM
Korea's Spark-S with the Jatco CVT7 achieves better
fuel economy, among other improvements, it has been
selling well in the South Korean market.

The same model is sold in North America as the
Chevrolet Spark. The Spark for the North American
market has been tuned to provide the acceleration feel
preferred by drivers there and its good fuel economy,
are the reasons for its popularity.

Table 1 Specifications of JFO15E

Torque capacity 120 Nm
Control system Electronic
Torque converter size 185 mm dia.
Gear ratios | Pulley ratio | Forward 2.200-0.550
Reverse 22
Auxiligr}{ 1st Gear 1.821
transmission 2nd Gear 1
Reverse 1.714
Counter gear ratio 0.967
Final gear ratio 3.882
Ratio coverage 7.3
No. of selector positions 5(P,R,N,D,L)
Overall length 344.34 mm
Coer e tevsenentn |72y
Weight (wet) 64 kg

B Typical model fitted with the JFO15E CVT
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1. SunTour QC Circle wins Area General Manager's
Award

The Sun Tour QC Circle in Experiment Group No.
2 of JATCO Engineering Ltd. won the Area General
Manager's Award, the top prize in the Manufacturing
Division, at the New Year's Competition in the
Shizuoka area sponsored by the QC Circle Tokai
Chapter. The theme of their activity was "improving
efficiency by eliminating motor delivery delays for
test No. 3." This Tokai event was held at the Fuji City
Exchange Plaza on January 18.

One reason cited for the award was the strong
impression imparted by this QC Circle as being a
highly professional group with close teamwork.
Specifically, the Sun Tour Circle vigorously
undertook the challenge of attaining their ambitious
goal of "zero delivery delays." They conducted
detailed factor analyses based on actual data and
accurately identified tangible and intangible effects,
monetary values and even improvements in
experimental accuracy and quality.

2. Winner of General Motors Supplier of the Year
Award

JATCO received a 2012 Supplier of the Year award
from General Motors on March 13. This award is
given to less than one percent of GM's approximately
18,500 suppliers around the world. Among other
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things, the winners are recognized for delivering
innovative technology, superior quality, timely crisis
management and competitive total-enterprise cost
solutions.

3. Minister of Education, Culture, Sports, Science and
Technology Commendation for Originality and
Ingenuity in Fiscal 2013

The employees of the Die Making Section of a
plant producing ATs for FWD vehicles were awarded
a Minister of Education, Culture, Sports, Science and
Technology Commendation for Originality and
Ingenuity on April 18. This award is given to persons
who have contributed to improving work efficiency,
enhancing product quality, reducing costs and making
technical improvements for preventing
pollution/disasters through their originality and

ingenuity in the workplace, including factories.
4. Start of Jatco CVT8 Production in China

JATCO Guangzhou Automatic Transmission Ltd.
(hereafter JATCO Guangzhou), JATCO's
manufacturing arm in China, started local production
of the Jatco CVTS in April. As the vehicle market in
China has continued to expand, every year an
increasingly larger percentage of vehicles are being
fitted with a CVT that contributes to improved fuel
economy. JATCO Guangzhou began production of a
CVT for midsize vehicles in 2009 and started
producing the Jatco CVT7 with an auxiliary gearbox
for small vehicles in 2011. JATCO Guangzhou has
now launched production of the Jatco CVTS,
JATCO's newest CVT model that further improves
vehicle fuel economy by approximately 10%. The
Jatco CVT8 is mounted on Dongfeng Nissan's Teana
model.

JATCO Guangzhou's cumulative CVT production
volume reached one million units on April 15. The
company currently has an annual production capacity
of approximately 900,000 units. It also has
application engineering capabilities for applying
CVTs to local vehicle models.
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5. Recipient of 63rd JSAE Technology
Contribution Award

A JATCO employee received a Technology
Contribution Award given by the Society of
Automotive Engineers of Japan (JSAE) at 63rd JSAE
Awards Program. This awards program was
established in 1951 for the purpose of encouraging
the advancement and development of automotive
engineering and automotive technology. Awards are
given to individuals who are recognized for having
made significant contributions or achievements in
automotive engineering.

This year's award was presented for contributions
made to advance and develop ATs and CVTs,
including contributing to the establishment of the
technology for improving the vehicle fuel economy
obtained with ATs and the fundamental design
techniques for belt CVTs.

6. JATCO exhibits at Automotive Engineering
Exposition

The 2013 Automotive Engineering Exposition was
held at the Pacifico Yokohama Exhibition Hall over a
three-day period from May 22-24. JATCO's booth
highlighted the outstanding environmental
performance of CVTs under the theme of "Reducing

global CO. emissions with transmissions." Displayed
products included the Jatco CVT7, the world's first
CVT with an auxiliary gearbox, the Jatco CVT8 for
midsize to large vehicles, and for hybrid vehicle the
Jatco CVT8 HYBRID. In addition, step ATs were
also displayed, including a 7-speed AT for RWD
hybrid vehicles and based on an existing RWD 7-
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speed AT, a FWD 4-speed AT earmarked for
emerging economies, and other products.

7. Ceremony to celebrate cumulative CVT production
of three million units

A ceremony was held on June 17 to celebrate
combined cumulative production of three million
units for two CVT models, which are two of JATCO's
leading products. These two models are built on the
same line, representing an epic-making production
system. It would be safe to say that this production
line has marked a new page in the global history of
CVTs

8. SAE World Congress & Exhibition

A JATCO employee delivered a presentation on the
theme of "Achieving Efficiency" at the SAE World
Congress & Exhibition held in Detroit, Michigan
from April 16-18. This event attracted approximately
10,000 attendees, including automotive industry
people, students and others, during the three-day
period, providing a valuable venue for exchanging
opinions and ideas on technology. JATCO's booth
displayed a cut-away model of the Jatco CVTS8 and a
model showing the operating principle of CVTs,
among other exhibits. It was thronged with many

visitors during the event.

9. Introduction of "nadeshiko" line at Joint Labor

Relations Workshop

A JATCO employee gave a presentation on the
company's "nadeshiko" line at a joint labor relations
workshop organized by the Japan Automobile
Manufacturers Association, Inc., Japan Auto-Body
Industries Association Inc. and Japan Auto Parts
Industries Association on September 6. These three
organizations hold a joint labor relations workshop
several times a year. The theme of this particular
workshop was "promoting the career advancement of
women." The attendees asked the JATCO presenter
many questions about the presentation, as they have
few opportunities to hear about actual examples of the
active roles women play in manufacturing workplaces.
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10. 11th Student Formula SAE Competition of Japan

The 11th Student Formula SAE Competition of
Japan, sponsored by the Society of Automotive
Engineers of Japan (JSAE), was held from September
3-7 at the Ogasayama Sports Park (ECOPA). Initiated
in 2003, this competition is positioned as a public-
interest activity for developing the overall
manufacturing capabilities of students through their
own initiatives, with the aim of cultivating human
resources capable of supporting the automotive
industry in the future.

This year saw participation by approximately 1,500
students, representing 89 teams, including those from
overseas. Three JATCO employees were active as
event staff. An endless stream of students and
university professors visited JATCO's booth at the
competition, indicating a high level of interest in
automotive transmissions.

11. JATCO's new Thai plant launches CVT production
as Thailand's first CVT manufacturing facility

JATCO (Thailand) Co., Ltd. held an official
opening ceremony for its new Amata Nakorn plant on
September 9, following the launch of full-scale CVT
production at the plant in July. This new plant is
JATCO's third overseas production center after plants
in Mexico and China. It produces the Jatco CVT7 for
small vehicles and featuring an auxiliary gearbox.
This CVT is installed on various compact car models,
including the March (Micra) and the Sylphy produced
by Nissan Thailand. The plant aims to achieve a low
carbon footprint, such as by having aluminum
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materials delivered in a molten metal form rather than
as ingots. This measure is expected to reduce CO,
emissions by 1,350 tons per year.

12. Named to Thomson Reuters 2013 Top 100 Global
Innovators list for the second consecutive year

JATCO was selected by Thomson Reuters as one
of the Top 100 Global Innovators for 2013 on
October 25 for the second straight year. This honor
was given to eight companies in the global
automotive industry and to just five companies in
Japan. JATCO was evenly evaluated under all four
selection criteria of volume (number of patents),
success (ratio of applications to granted patents),
global (quadrilateral patents) and influence (how
often cited in other patents). JATCO was especially
highly rated on the global criterion.

13. JATCO exhibits at the 43rd Tokyo Motor Show
2013

JATCO displayed exhibits at the 43rd Tokyo Motor
Show 2013 held at the Tokyo Big Sight from
November 20 to December 1. Under the theme of
"creating a future of transmissions," JATCO showed
its current full lineup of new-generation CVTs as well
as a concept model of a future CVT. JATCO also
exhibited its principal stepped AT products, including
a 7-speed AT for RWD hybrid vehicles and based on
an existing RWD 7-speed AT, a FWD 4-speed AT
designed for markets in emerging economies, and
other models
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14. Receives a General Motors 2013 Supplier Quality

Excellence Award

A ceremony to celebrate receipt of GM 2013
Supplier Quality Excellence Award was held at the
Kakegawa Plant on November 15. Established in
2012, this award is presented to GM suppliers who
meet rigorous quality criteria. JATCO has received
this award for two consecutive years.

15. Keynote speech and chair of the CVT Session at
the International CTI Symposium

The 12th International CTI Symposium was held in
Berlin, Germany over a two-day period of December
3-4. JATCO President Takashi Hata delivered a
keynote speech entitled "Zero is Enough," which was
very well received by the attendees. He talked about

the various benefits obtained with the seamless

shifting of CVTs and the potential of CVTs for

contributing to further innovations in vehicles.
JATCO Fellow Takashi Shibayama chaired CVT
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Session at this symposium. There was a lively
discussion of the further evolution of CVT technology
in the coming years. A JATCO employee presented a
paper on the new technologies incorporated in the
Jatco CVT8 HYBRID, which elicited many
enthusiastic questions.

16. JATCO to begin providing a tool resharpening
service in Mexico

JATCO plans to begin tool resharpening service in
Mexico. Tool resharpening is an operation that is not
limited to AT production, but is incorporated in
various mass-production machining processes. It is a
necessary and vital operation for maintaining the edge
of the cutting tools used. This service is aimed at
responding to latent local needs for tool resharpening,
in view of the fact that there have been few suppliers
specializing in tool resharpening in Mexico to date.
JATCO plans to start providing this tool resharpening
service around October 2014.
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[SUMMARY OF THE INVENTION]

The CVT of the present invention has a continuously
variable transmitting mechanism, an auxiliary
transmitting mechanism, and a speed-increasing gear
mechanism. The speed-increasing gear mechanism is
provided upstream from the auxiliary transmitting
mechanism. A speed increasing ratio of the auxiliary
transmitting mechanism is set “the value which doesn’ t
reduce a power performance” and “the value which
suppress the occurrence of a pull-in shock”. Because
the auxiliary transmitting mechanism is input through
the speed-increasing gear mechanism, the quantity of
drop of output torque is suppressed. Therefore, the pull-
in shock is able to be suppressed. Further, both “the
power performance” and “the transmitting performance”
are able to be assured.
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[SUMMARY OF THE INVENTION]

The CVT of the present invention has a
continuously variable transmitting mechanism and an
auxiliary transmitting mechanism. When the
coordinated shift “* which the auxiliary transmitting
mechanism is turning the gear position up is
performed, the shifting speed of the continuously
variable transmitting mechanism is lower at time of
detecting rapid rotation increase in the internal
combustion engine than time except it. The rapid
rotation increase in the internal combustion engine is
detected at the time of coordinated shift. At this time,
the excessive rapid rotation increase in the internal
combustion engine is able to be prevented when the
coordinated shift is performed because through speed
ratio is hard to change.

* The coordinated shift: The control in order to change the
speed ratio of the continuously variable transmitting
mechanism to the opposite direction of the auxiliary
transmitting mechanism, during shifting the auxiliary
transmitting mechanism.
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