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The Value Provided by Two-pedal Transmissions

v

AR I T

Executive Vice President Yo USUBA

The 2-pedal transmissions that JATCO develops
and manufactures are supplied for use on light-duty
vehicles categorized as being a means of personal
mobility. However, today when there are strong
demands to reduce carbon dioxide (CO2) emissions
on a global scale, the automotive industry is faced
with the challenge of how to solve the contradiction
inherent in personal mobility.

If the aim is to cut CO2 emissions, then forms of
mass transportation such as trains and buses are
effective solutions. However, these means of mass
transportation cannot satisfy the desire of individuals
to be able to move about freely.

The dilemma in personal mobility is to resolve the
question of how to reconcile the desire of individuals
for freedom of movement with the need to reduce the
attendant increase in CO2 emissions. At JATCO, we
are striving to address this question by supplying 2-
pedal transmission technologies and products.

Data on the CO2 emissions of vehicles are given to
customers in the form of statistics obtained in fuel
economy tests. A quarter of a century ago it was taken
for granted that a fuel-efficient vehicle was one
equipped with a manual transmission. Today, however,
a 2-pedal transmission is the prerequisite specification
of a fuel-efficient vehicle. Moreover, 2-pedal
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transmissions have also come to incorporate advanced
technologies for supporting the freedom of movement
that people desire. One good example is Adaptive Shift
Control that can detect the driver's intention and vary
the driving force accordingly. This is one result of the
contributions of 2-pedal transmissions to resolving the
contradiction inherent in personal mobility.

There are many different types of 2-pedal
transmissions on the market today, including stepped
automatic transmissions (ATs), continuously variable
transmissions (CVTs) and dual-clutch transmissions
(DCTs), among others. Stepped ATs are predominant
in North America, while CVTs are dominant in Japan.
In Europe, the greater majority of customers still
prefer to buy vehicles with a manual transmission,
though 2-pedal transmissions like automated manual
transmissions (AMTs) and DCTs have been increasing
in recent years. The preferred 2-pedal transmission
type and technology thus tend to differ from one
geographical region to another. One reason for this is
the fact that road conditions, traffic environments and
customers' expectations of driving performance are
different in each market. This situation indicates that
there is still no single 2-pedal transmission technology
today that is suitable for all driving environments and
can meet customers' diverse expectations.

Meanwhile, vehicle ownership in emerging markets
is continuing to increase and the construction of road
transportation infrastructure is steadily moving
forward. The number of customers who are driving
their own vehicle for the first time is continually
increasing. Therefore, the type of driving
performance that we propose to such customers will
likely form their future expectations of vehicles.

In order to respond to people's expectations for
personal mobility in both mature and emerging
markets, it is necessary to consider once again the
type of value that 2-pedal transmissions can provide.

The value of 2-pedal transmissions does not lie
solely in their ability to transfer driving force
efficiently from a vehicle's power source to the drive
wheels for obtaining driving performance matching
the driver's wishes. For the purpose of reducing CO2
emissions in personal mobility, two-pedal
transmissions can also assist in managing all the
energy used in a vehicle. Moreover, in facilitating
individual freedom of moment, 2-pedal transmissions
can assist in managing the driving force that affects
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vehicle behavior, in addition to delivering the
acceleration performance expected by the driver. This
represents the type of value that we want to achieve
and provide by developing the requisite technologies,
including coordination with vehicle technologies and
the traffic infrastructure.

The focus of this issue of the JATCO Technical
Review is the Jatco CVT8, a key milestone product
for achieving our targeted value. The articles in this
issue of the Technical Review explain in general
terms the value that JATCO aims to provide through
our two-pedal transmissions.
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Planning of the Jatco CVT8
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In February 2012, JATCO launched
production of the new Jatco CVT8 series designed to

Summary

cover a wide range of applications from midsized to
large vehicles. This article describes the background
leading to the development of this new CVTS series,
specifically with regard to JATCQO's product lineup
philosophy, transmission trends in global markets,
expansion of vehicle demand, environmental
regulations and economy.
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1. Introduction

This new CVT series was planned under a policy of
unifying two existing CVT units used on midsized and
large vehicles into a single lineup (Fig. 1). The scope of
the planning activity was aimed at reducing the size and
weight of the new series and improving its performance.

The results of market trend surveys, research into
environmental requirements and other studies
indicated that the planned torque capacity range would
cover a vehicle market with large sales volumes in
developed countries. In emerging economies, it would
cover a vehicle market that was expected to expand
rapidly accompanying the construction of road

infrastructure and rising personal incomes.
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2. Global Transmission Trends for Front-drive
Vehicles: Countering the Rise of DCTs

Principal markets for the CVTS series were then
envisioned by analyzing vehicle volume trends in
global markets. The markets having the highest
vehicle volumes in the torque range of 200-380 Nm
planned for the new CVT series are North America
and China. Accordingly, North America and China
were selected as the most important markets for the
new CVT series. It was seen that dual-clutch
transmissions (DCTs) were beginning to increase
their share in the North American market, and that
DCTs and automated manual transmissions (AMTs)
were advancing in the Chinese market. Therefore, it
was necessary to develop a CVT with performance
exceeding that of DCTs in order to gain a competitive
advantage in these markets. Figure 2 shows a
breakdown of the global production volume of front-
wheel-drive vehicles fitted with a 2-pedal
transmission in the 200-380 Nm torque range in
various markets around the world and forecasts of the
production volumes of different transmission types in
the U.S. and Chinese markets.

Demand forecast for different types of 200-350 Nm
front-drive 2-pedal transmissions in China from 2008-2014
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Fig. 2 Global production breakdown for 200-380 Nm front-drive 2-pedal transmission vehicles
by country/region and demand forecasts for U.S. and Chinese markets
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Fig. 3 Global production breakdown for 200-380 Nm
front-drive 2-pedal transmission vehicles by
country/region
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3. Essential Product Qualities

There is a wide variety of 2-pedal transmissions
available in the North American and Chinese markets,
including CVTs, stepped automatic transmissions
(ATs), DCTs and AMTs. Competition among the
different types is extremely fierce, as vehicle
manufacturers produce transmissions in-house and
many transmission manufacturers are active in these
markets. Two-pedal transmissions have various
performance attributes that benefit customers including:
@ Environmental performance (reduction of CO2

emissions)

@ Drivability (driving pleasure)

@ Comfort (driving ease, quietness, smoothness)

@ Power performance (start-off acceleration,
acceleration performance, top speed, hill-climbing
performance, etc.)

@ Economy (purchase price, running cost)

Among them, the most important attributes were
assumed to be economy and fuel economy, which is a
major factor determining environmental performance.
While putting top priority on improving fuel economy
under the U.S. combined driving cycle and the New
European Driving Cycle (NEDC), the new CVT series
was planned so as to have market competitiveness in
every performance attribute.

4. Competitiveness Analysis

At that time JATCO had already developed a full
lineup of CVTs for use on minivehicles, small cars,
midsized vehicles and large vehicles and was mass
producing each CVT model. A thoroughgoing analysis
of competitiveness was made simultaneously with the
planning of the CVT8 series. Since DCTs had also come
to be accepted in the marketplace at that time, they were
regarded as a serious competitor of CVTs, in addition to
stepped ATs. The results of the competitiveness analysis
were incorporated in the planning of the CVTS series.

4.1. Fuel economy

Both wet and dry clutch versions of advanced DCTs
were assumed to be CVT competitors with respect to
fuel economy. The results of a marketing study
indicated that the U.S. combined driving cycle was the
most important fuel economy test mode. Accordingly,
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competitiveness in fuel economy was analyzed for
operation under this driving cycle. Based on the results
shown in Fig. 4, it was concluded that improvements
would be needed in two aspects in order to remain
superior to DCTs in fuel economy as the latter continued
to progress. One was to expand ratio coverage so as to
further improve ratio flexibility, for which CVTs already
enjoyed an advantage. The other was to reduce friction
in order to improve transmission efficiency
substantially.

4.2. Ratio coverage

Ratio coverage is one factor that markedly influences
both fuel economy and power performance. The ratio
coverage target was set by fully considering the ratio
coverage needed to attain the targeted fuel economy
level as well as its contribution to power performance.

4.3. Friction

Friction was assumed to be a major factor affecting
improvement of fuel economy, which was regarded as
the top priority performance attribute of the CVT8
series. Accordingly, it was concluded that various
measures had to be taken to reduce friction
significantly. The target set for friction reduction was
not simply to attain the best performance among
existing CVTs and stepped ATs, but rather to achieve
a level of friction necessary for being superior to
advanced DCTs.

4.4. Manufacturing cost

Manufacturing cost was regarded as being as
important as fuel economy. The target set was to
achieve the lowest cost level among rival
transmission types.

5. Product Concept

The following product concept was defined for the
CVT8 series, taking into account the aspects
explained above.

1.To reduce costs by sharing components in

common between the CVT8 for midsized
vehicles and the CVT8HT (High Torque) for
large vehicles.

2.To reconcile higher fuel economy with the

desired power performance by improving ratio



JatcoCvT8 0 00

1. FRIEEIFCVTE R EI B [A) 1T CVTSHT (High flexibility through wider ratio coverage.
Torque) DHERLER T D 4 FALIZ & 5T AME 3. To improve transmission efficiency by reducing
2. TAFL YA LIZE BT LR S EU 74D EIck friction.
DACIRT & 877 P B O i 7 4. To pursue enhanced driving pleasure.
IS4 E

Based on this product concept, we set about to

3. 707 a ARIC L AR ER N
4. FEVDOEELEDEK
PLEEare 7 el TRZEICIE o7z,

develop the new CVTS series.
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Introducing the Fuel Economy Improvement Technologies of the Jatco CVT8
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Summary JATCO began manufacturing the Jatco
CVTS series in February 2012. This new CVT series
unifies two existing CVTs used heretofore on 2.0-
3.5L-class front-drive vehicles, enabling it to cover a
wide range of vehicle applications. Moreover, it also
substantially improves fuel economy as a result of an
extensive review made of the parts of the existing
CVTs. This article presents a product overview of the
Jatco CVTR8 series and describes the major
technologies it embodies.
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1. Introduction

JATCO launched production of the Jatco CVT8
series in February 2012. This new Jatco CVTS series
has a broad range of application that unifies the
coverage of two existing units used so far on 2.0L-
class to 3.5L-class front-drive vehicles. In addition, it
also improves vehicle fuel economy significantly as a
result of making an exhaustive review of the parts of
the existing units.

Global environmental protection has been viewed
as a priority for many years. The automotive industry
has been contributing to environmental protection
through concerted efforts to improve vehicle fuel
economy. Electric vehicles and other types of zero-
emission vehicles released by the automakers are
beginning to gain popularity. However, vehicles fitted
with a reciprocating engine still account for a large
proportion of the vehicle population at this point, and
CVTs are an effective environmental technology for
improving the fuel economy of such vehicles.

JATCO began to focus attention on CVTs early on
and undertook activities to develop a full CVT lineup
ahead of other manufacturers. In 1997, we announced
the world's first CVT for use on 2.0L-class front-drive
vehicles. Since then, we have developed CVTs for

* 7Yy MEES
Project Promotion Office
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Experiment Department
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Fig. 1 Jatco CVT8
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Table 1 Major specifications

For 2.0L-class FWD vehicles | For 3.5L-class FWD vehicles
frem Existing CVT CvT8 Existing CVT
Torque capacity 250 250 380 350
Ratio coverage 6.0 7.0 6.3 5.4
Pulley ratio 2.35~0.39 | 2.64~0.38( 2.43~0.38 | 2.37~0.44
Gear Ratio| ~ Final gear ratio 5.1~6.4 4.8~6.4 4.7~5.8 4.8~6.3
Forward 1.00 1.00 1.00 1.00
Planetary gear ratios
Reverse 0.75 0.75 0.75 0.75
Through low ratio 12.0~15.2 | 12.7~16.8| 11.3~14.1 | 11.6~15.0
Weight (kg) 91.5 91.5 98.5 103.5
Overall length (mm) 340 345 356 372.6
Distance between pulley shafts (mm) 171 173 173 178
Distance between 1st and 4th shafts (mm) 197 197 205 205
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application to a wide range of vehicles, extending from
minivehicles to 3.5L-class front-drive models. Our
CVTs enjoy an excellent reputation in global markets.

The newly developed Jatco CVTR series is
designed for use on a broad range of front-drive
vehicles, from 2.0L-class to 3.5L-class models. This
article presents a product overview of the new Jatco
CVTS series and describes its major technological
highlights (Fig. 1).

2. Product Overview

2.1. Product concept
The Jatco CVT8 series was developed around the
following concept.

(1) To achieve both improved fuel economy and
better power performance by expanding ratio
coverage

(2) To increase fuel economy by reducing friction

(3) To create a CVT series for common use on 2.0-3.5L-
class front-drive vehicles by downsizing the unit

2.2. Product lineup

JATCO has a full CVT lineup, ranging from units
for use on minivehicles to ones used on front-drive
vehicles with a 3.5L-class engine. Four CVT models
previously covered the entire engine torque range
from minivehicles to large cars. The model mix was
integrated into three series when the Jatco CVT7 with
an auxiliary transmission was released in 2009, which
integrated two existing units used on minivehicles
and 1.5L-class front-drive small cars. With the launch
of the new Jatco CVTS series for common use on
both 2.0L-class and 3.5L-class front-drive vehicles,

400 ) 2009 2012
| |
. 350 | CvT3 1
B I I
£ 300 1 | Jatco CyT S
z 1 1
Q 250 I cvr2 1
§ 1 1
200
y I I
5 150 1 1
= | |
100 1 1
| Jatco CYT > | Jatco CYyT 7
50 I I N

Previous CVT lineup New CVT lineup

Fig. 2 CVT Lineup for front-drive vehicles
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Fig. 3 Key measures for improving fuel economy
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Fig. 4 Main cross section

1131

the model mix has now been unified into two series.
The wide range of application of each CVT series will
mean larger production volumes, thereby contributing
to substantially lower costs (Fig. 2).

The specifications of the new Jatco CVT8 series
are given in Table 1 in comparison with the existing
base models.

2.3. Development aims
The CVTS achieves better fuel economy than the
existing base CVTs because of the measures taken

with regard to the points below (Fig. 3).

(1)Fuel economy at high driving speeds was
improved by substantially expanding the ratio
coverage.

(2) Reduction of friction by thoroughly improving the
constituent parts

(3) Reduction of torque converter loss and pressure-
related loss by adopting new control features

2.4. CVT Structure

The Jatco CVTS series adopts a torque converter as
the start-off element. Torque input from the engine is
transferred from the torque converter via an input
shaft to the belt-pulley system that serves as the shift
mechanism. It is then transferred through the final
reduction gear to the differential gear and from there
to the right and left drive wheels.

The oil pump that generates the hydraulic pressure
for torque transfer and shifting is positioned under the
first shaft and is driven via a chain system from the
input shaft connected directly to the engine. The
hydraulic circuit of the control system is located in
the oil pan below the transmission case, the same as
in the existing CVTs (Fig. 4).

2.5. Technologies for accomplishing fuel economy
improvement

A target was set for improving fuel economy by
10% under the U.S. combined driving cycle compared
with the existing base CVTs by adopting the
measures shown in Fig. 3. The strategy devised for
achieving that goal is shown in Fig. 5.

While inheriting the same structure as the existing
base CVTs, the CVTS8 reduces friction by
approximately 40% as a result of thoroughly
redesigning the fine details of various parts (Fig. 6).
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Fig. 5 Strategy for achieving goal

Two major factors in particular that contributed to
reducing friction were the reduction of oil pump drive
torque and fluid churning.

Ratio coverage was expanded by 17% over the
existing base CVTs by adopting a new belt,
narrowing the pulley shaft diameter based on a review
of the design requirements, and increasing the
distance between the pulley shafts by 2 mm (Fig. 7).

Existing CVT

Ratio coverage

Existing CVT [ =X B 1L

17% wider
CVTS8

Fig. 7 Expanded ratio coverage of the CVT8
for midsized vehicles

3. Details of Major Technologies Adopted

3.1. Reduction of fluid churning

Baffle plates were added to the ring gear and the
differential gear of the CVT8 mainly for the purpose
of reducing fluid churning caused by their rotation.
The baffle plate shape was designed to cover the
entire submerged portion of the gears (Fig. 8). That
measure along with the reduction of the fluid level
and the adoption of a low-viscosity CVT fluid worked
to reduce friction.

The shape of the end portion of the baffle plates
was determined by taking into account the dispersion
of fluid for lubricating the reduction gear. In addition,
the installation clearance of the parts composing the
baffle plates was determined so as to ensure good
assembly line productivity and fluid drainage from
inside the baffle plates.
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Figure 9 presents the results of a computational
fluid dynamics (CFD) analysis showing the difference
in the amount of fluid churning with and without the
baffle plates. The results confirm that the addition of
the baffle plates reduces the amount of fluid
dispersion as was intended, compared with the
condition without the baffle plates.

Figure 10 shows the effect of the baffle plates on
reducing fluid churning at two different input speeds
in comparison with the results without the baffle
plates. The baffle plates markedly reduce fluid
churning especially in the high-speed range.

Input speed: 1500 rpm Input speed: 3000 rpm

) £

& &

o o

% 8% % 13%
8 8

= =

.S 2

k3] 2

k= k=

= =

I\ N\

w/o baffle plate ~ with baffle plate w/o baffle plate ~ with baffle plate

Fig. 10 Effect of baffle plate

3.2. Improvement of variator efficiency

The CVTS8 adopts a new steel belt featuring
improvements in the following two characteristics.
(1) Reduction of the band width
(2) Optimization of belt stiffness

The use of a high-strength steel allowed a narrower
band width for reducing the friction loss between the
bands and the elements, which is unavoidable in the

—
\
/ ’ s ~ N New belt
7 NN
_ / \
° ~
=Y Current
Iy belt
8
=
= ;
==
Current ! New
belt I belt
Low Pulley Ratio High

Fig. 11 Belt efficiency
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torque transmission mechanism of a steel belt. The
element geometry was also revised to optimize the
belt stiffness and bring the belt's running radius closer
to the ideal. That also worked to reduce friction loss
(Fig. 11).

3.3. Reduction of oil pump drive torque

The drive torque of the CVTS8 oil pump was
reduced as a result of (1) reducing fluid leakage from
the control valve and (2) reducing the line pressure.

The adoption of a large-capacity three-way
solenoid made it possible to reduce the number of
valve spools from 12 in the existing base CVTs to 8
in the CVT8. The clearances between the spools and
the valve body were also optimized. These two
measures reduced fluid leakage from the control
valve, enabling the oil pump to be downsized by
approximately 30%.

The multiplier effect of these improvements allowed
the oil pump drive torque to be reduced (Fig. 12).

4. Verification of Fuel Economy Improvement Effects

Motor benches were used to simulate the
conditions of regulatory test driving cycles at the
level of CVT operation. Measurements were made of
the input/output energy, pressure and other
parameters to investigate the effect of the adopted
technologies on improving fuel economy in
comparison with the existing base CVT (Fig. 13).

The output energy waveforms of the two CVTs
were the same because they were operated under an
applied load that simulated identical vehicle
specifications. However, input energy was lower for
the CVT8, which signifies that the friction level has
been reduced in this transmission.

An analysis of the measured data confirmed an
improvement in the drive torque transmission
efficiency of the CVT8 owing to reduced friction and
an improvement in the brake thermal efficiency of the
engine attributable to the expanded ratio coverage. As
a result of those cycle-averaged improvements, it was
verified that the CVTS is effective in improving fuel
economy by approximately 10% in both the U.S. city
and highway driving cycles (Fig. 14).
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Fig. 14 Measured results for fuel economy improvement
5. Driving Pleasure

CVTs feature smooth, seamless shifting, an
attribute that stepped automatic transmissions (ATs)
do not have. That characteristic was fully exploited in
further advancing the shift control of the Jatco CVTS8
so as to contribute to the inherent driving pleasure of
vehicles (Fig. 15).

The Jatco CTVS8 incorporates more than 1,000 shift
patterns, compared with 14-16 for the existing CVTs.
This facilitates fine-tuned shift control matching
diverse driving situations. Moreover, the shift control
infers the driver's intention from the vehicle state and
driving operation inputs and varies the shift pattern
accordingly.

The shift control improvements enable the vehicle to
deliver powerful acceleration when merging with
freeway traffic as well as stable driving performance
when traveling on winding roads (Figs. 16-1 and 16-2).

4) Results in good re-accel performance due to high
engine speed & response

3) While cornering,
vehicle control is very
smooth, due to intelligent
CVT logic:

"Ratio hold function"

1) Braking at entrance of
curve

2) Downshifted automatically due to
intelligent CVT logic:
"Brake downshift function"

Fig. 16-2 Driveability performance
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6. Analysis of Competitiveness

Figure 17 shows the results of an analysis of the
fuel economy competiveness of the CVTS8. The
effective drive torque transmission efficiency of the
CVTS8 is markedly superior to that of stepped ATs.
Taking into account the effect of the expanded ratio
coverage and stepless shifting on fuel economy, the
plots in the graph indicate that the CVTS8 achieves
class-leading total energy efficiency.

7. Conclusion

The newly developed CVTS series provides the
following benefits.
(1) Improved fuel economy combined with power

performance through wider ratio coverage

Optimization of the pulley system expanded ratio
coverage by 17% over that of the existing CVTs
without increasing the transmission size or reducing
the applicable torque range. Wider ratio coverage
provides excellent start-off acceleration and allows a
lower engine speed for improved fuel economy and
quieter operation during highway cruising.
(2) Reduced friction

The CVTS series has 40% less friction than the
existing CVTs, which translates into a fuel economy
gain of up to 10%, depending on the vehicle
application. This friction reduction was achieved
primarily by improving and optimizing the hydraulic
and pulley systems, while retaining the same basic
CVT structure as that of the existing units.
(3) Pursuit of driving pleasure

Shift control improvements deliver the smooth,
seamless shifting characteristic of CVTs and provide
driving performance matching the driver's wishes.
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Development of New Pulleys for Expanding Ratio Coverage
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Summary In February 2012, JATCO began
producing the CVTS8 series that achieves higher
vehicle fuel economy. The ratio coverage of the
CVTS series was expanded to provide the power
performance demanded by the driver and also to
contribute to improving fuel economy by enabling the
engine to operate in a range of high efficiency. This

article describes the key pulley technologies that were

727 =) =D EEHAMIZOWTHAT 5. developed for significantly expanding the ratio
coverage of the CVTS series.
1.0000 1. Introduction
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In recent years, there have been greater demands
than ever before for improvement of vehicle fuel
economy, lower costs and size/weight reductions
owing to heightened concerns about energy, the
global environment and rising oil prices, among other
things. In addition, there are also desires for enhanced
vehicle quietness and driving performance.

In order to meet these diverse requirements, it is
necessary to have CVT pulleys that are more compact
in size and can contribute to expanding the ratio
coverage. Therefore, we reviewed the pulley design
once again, paying careful attention to the limits of
the following aspects.

(1) Accuracy of the FEM stress simulation program

(2) Pulley behavior under transient operating conditions

(3) Accuracy of the fatigue strength design

(4) Pulley shape taking into account productivity

The following sections describe the pulley
technologies developed for the CVT8 series intended
for application to 2.0L-3.5L-class vehicles.

* JATHAN B E R

Advanced Technology Development Department
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Table 112CVT8LJFO10E, JFOIIED T —1—F
LR R Y.
Table 1 Major specifications of pulley

CVT8 JFO10E JFO11E
Torque capacity 350 250 350 250
Ratio coverage 6.3 7.0 5.4 6.0
. Low 2.41 2.64 2.37 2.35
Pulley ratio -
High 0.38 0.38 0.44 0.19
Shaft diarmeter 48-49.8 48 52.6-59 49.8
Center distance 173 178 171
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2. Pulley Specifications

Table 1 compares the major specifications of the
pulleys used in the CVTS series, JFO10E and JFO11E.

3. Expansion of Ratio Coverage

The CVT ratio represents the ratio of the diameter
of belt contact on the drive-side primary pulley to that
on the driven side secondary pulley. Therefore, in
order to expand the ratio coverage, the pulleys must
be positioned so that this ratio increases on both the
Low and High ratio sides (Fig. 1). If the sheave
diameter is increased, it expands the center-to-center
distance between the primary and secondary pulley
shafts, resulting in a larger unit. Conversely, if the
shaft diameter is reduced, the unit becomes more
compact, but the shaft strength becomes an issue of
concern (Fig. 2).

In order to downsize the CVTS8 while still
expanding the ratio coverage, it was decided to
undertake the challenge of reducing the pulley shaft
diameter. However, because that would subject the
pulley shafts to more rigorous operating conditions,
the pulley design was developed by breaking down
the issues involved into small details and analyzing

P

the limits of each one thoroughly.

—R/C:5
—R/C:6

Sheave outer diameter

Shaft diameter
Fig. 2 Pulley layout relationship

3.1. Careful investigation of actual stress and
accuracy of FEM stress simulation

The principal force inputs to the pulleys include
hydraulic pressure and bending induced by axial
force. In order to ensure the feasibility of the CVTS8
pulleys, the actual stress that occurs was ascertained
by carefully measuring the force input modes
experimentally.
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First, measurements were made of the static and
dynamic stresses that occur in all of JATCO's CVTs.
Then, using the same CVT, the stress that occurred in
relation to various shaft diameters was measured to
ascertain the change in the stress level and the
tendency.

Based on the experimental results, an FEM stress
simulation was then conducted under all of the
evaluation modes. A pulley assembly simulation
model was successfully built for the purpose of
improving simulation accuracy. Figure 3 shows an
example of the measured and FEM simulation results
for bending stress at the base of the sheave induced
by hydraulic pressure and axial force.

3.2. Pulley behavior under transient operating conditions

Examples of vehicle operating conditions that
apply severe force inputs to the pulleys include stall
upon vehicle launch and transient ratio changes.
Therefore, pulley evaluations were conducted under
these two conditions.

Fig. 4 Ratio change mechanism
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Table 2 Types of fatigue tests

No. | Test piece |Fatigue type
1 |Pulley only |Bending fatigue
2 |CVT-ASSY|Rotary bending fatigue
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O No damaged
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Fig. 5 Fatigue limit diagram
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Fig. 6 Wear of pulley sheave

1241

Accelerating a stopped vehicle to the necessary
vehicle speed requires full use of the maximum
performance of the engine and the torque converter,
which inputs large torque to the CVT. A high level of
pressure is needed to transmit the input torque, resulting
in a large bending moment in the pulley shafts.

On the other hand, shifting the transmission
requires a change in the balance of force between the
primary and secondary pulleys. In order to keep the
belt from slipping, it is necessary to apply a force
larger than the force balance to one pulley, while
maintaining pulley clamping force commensurate
with the input torque. At that moment, the resultant
reaction force acts briefly on the other pulley, causing
the bending moment of the shaft to increase. This
concept is illustrated in Fig. 4.

Moreover, because complex tuning is performed
regarding this force in order to improve shift
response, special care was taken to coordinate the
determination of the performance design, control
system design and part designs.

3.3. Accuracy of fatigue strength design

As mentioned above, pulley shafts are subjected to
large bending moments and torsional moments caused
by the input torque. It is reported that a modified
Goodman diagram generally applies to the fatigue
limit curve of metal materials. To confirm whether
this would apply to the CVT8 pulley material, the
fatigue tests indicated in Table 2 were conducted
using actual pulleys.

As shown in Fig. 5, good results were obtained for
the CVTS8 pulleys that were consistent with the
modified Goodman diagram. This result reconfirmed
that fatigue strength could be investigated using the
modified Goodman diagram.

On the other hand, reducing the diameter of belt
contact on the pulleys would reduce the number of
elements in contact with the pulleys. As a result, the
force borne by each element would increase and the
contact pressure on the sheave face in contact with the
elements would increase. Because drive torque is
transmitted by the friction force between the belt and
the sheave face, the sheave face might suffer fatigue
delamination due to repeated force inputs at higher
contact pressure (Fig. 6).

Figure 7 shows the results of a durability test that
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was conducted to confirm the fatigue delamination of
the sheave face. Based on these results, micro-shot
peening was applied in the area of large damage as a
measure for increasing surface hardness and
improving the fatigue delamination strength of the
sheave face.

| L [ [T
- High hardness
— NN
£ ™S /
= T~ ¥
° \‘
: < ~
2 N
>
= A
S Low hardness
1.E+04 1.E+05 1.E+06 1.E+07

Number of times [N]
Fig. 7 P-N diagram of sheave wear

3.4. Pulley shape designed for good productivity

Having improved the accuracy of the FEM stress
simulation, a study was made of the detailed pulley
shape, which was conducted jointly by the
manufacturing and R&D divisions. Thanks to that
collaboration, the cutting tool motions and pulley
shape were fed back more accurately and used in
developing the pulley design.

Figure 8 shows a stopper plate that was added for
positioning the roller, along with an example of an
improved shape for an area of stress concentration.

4. CVTS8 Pulley Development Locations

In addition to the company's engineering center in
Japan, JATCO has established JATCO Korea
Engineering Corporation (JKE) in Korea. The work
of developing the CVT8 series was carried out at both
locations with real-time feedback of information. This
was the first time that this approach was used for
developing CVT pulleys. The CVTS8 series was
successfully developed by both centers making the
most of their respective strengths.
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5. Conclusion

This article described the development of pulleys
for expanding the ratio coverage required of the
JATCO CVTS series and the associated contribution
to improving vehicle fuel economy.

(1) Accuracy of FEM stress simulation program
The accuracy of the FEM stress simulation
program was improved by developing better
measurement techniques based on experimental
work and by applying a pulley assembly model to
conduct simulations.
(2) More accurate understanding of pulley behavior
under transient operating conditions
By mapping the relationship between the pulley
thrust force and resultant reaction force, the
strength required of the pulleys was made clear in
all types of driving situations.
(3) Accuracy of fatigue strength design
Tests were conducted with actual pulleys to
confirm consistency with the fundamental theory
of fatigue strength, making it possible to develop
a pulley design at the performance limits.
(4) Shape designed for productivity
A front-loading approach was taken to examine
the production engineering requirements for
manufacturing the complex pulley shape. Cutting
tool motions and shapes were taken into account
from the early stage of development, making it
possible to determine a simpler and easy-to-
manufacture pulley shape.

Expanding the CVT ratio coverage contributes
greatly to improving vehicle fuel economy and power
performance. There are strong expectations of the
technologies involved here. Based on the results
achieved in this development project, we intend to
continue our efforts to improve these technologies
further in the future.

Yoichi TSUJI
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Development of a High-efficiency Hydraulic System
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Summary There are growing demands to improve
vehicle fuel economy in order to protect the global
environment, among other needs. For the Jatco CVTS§
series, we developed a new high-efficiency hydraulic
system to meet the conflicting performance
requirements for further fuel economy improvement
and better driveability. This article describes the
measures taken to develop this high-efficiency
hydraulic system, aimed at reducing friction in the
CVTS8 series and improving driveability.
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1. Introduction

A steel-belt CVT is built such that ratio changes are
made by actuating the hydraulic cylinder piston of the
large diameter primary pulley, which requires a large
fluid flow rate and a high belt clamping pressure. To
accomplish that, the hydraulic system, especially the
oil pump, must do a lot of work. Therefore, raising
the efficiency of the hydraulic system is a key issue in
improving vehicle fuel economy. For the CVTS8
series, a larger primary pulley piston than that of our
existing CVTs was adopted in order to improve
power performance. On the other hand, the measures
taken to improve the efficiency of the hydraulic
system enabled the oil pump to be downsized. This
made it possible to reconcile improved driveability
with higher fuel economy.

2. Configuration of Hydraulic Control Circuit

The overall configuration of the hydraulic control
circuit has the pulley pressure system, which requires
high hydraulic pressure, positioned upstream of the
torque converter pressure system that is located
downstream (Fig. 1). This hierarchical arrangement is

C S A LB
Hardware System Development Department

R E RNV — 7

Product Reliability Experiment Group Experiment Department

1271
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Fig. 4 Effect of 3-way linear solenoid on reducing
fluid leakage

the same as that of our existing CVTs.

This hydraulic circuit configuration together with
the use of a newly developed large-capacity three-
way linear solenoid made it possible to discontinue
the clutch pressure regulator valve and the signal
pressure modifier valve used to date in existing CVTs
(Fig. 2). That worked to reduce the total number of
valves by 25% compared with an existing CVT (Fig.
3). As a result, the control valve was downsized and
fluid leakage was reduced (Fig. 4).

3. Control Valve

3.1. Reduction of fluid leakage by narrowing sliding
part clearance

Most of the fluid leakage from the control valve
occurs from the sliding parts between the control
valve body bore and the spool. Therefore, it is
important to reduce the amount of leakage that occurs
between these parts.

Toward that end, we reviewed the clearance needed
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between these sliding parts and reduced the amount of
fluid leakage by narrowing the clearance compared
with that of an existing CVT.

As shown in Fig. 5, narrower clearance between
these sliding parts was designed by carefully
examining the geometrical tolerance of the spools, by
applying a CAE tool to improve design accuracy with
respect to the amount of body deformation and
thermal expansion that occur when the control valve
body is assembled, and by confirming the operation
limit of the spools. The limit for spool sticking due to
foreign matter incursion was also taken into account
in determining the narrower clearance design.

Narrowing the clearance between sliding parts
reduced the amount of fluid leakage by about 25%
compared that of an existing CVT (Fig. 6).

3.2. Preventing thermal expansion by adding an
annealing treatment

Because the CVT fluid reaches a high temperature
during vehicle operation, a heat load is applied to the
control valve immersed in the fluid. This causes the
spool hole diameter to undergo thermal expansion,
which increases the clearance.

Such thermal expansion has been prevented in the
CVTS8 series by applying an annealing treatment to
the valve body casting that is a pressure die cast part.
This works to prevent any increase in leakage that
would otherwise occur due to the expanded clearance.
Even though the oil pump has been downsized, the
addition of this annealing treatment makes it possible
to ensure satisfactory driveability even after the
control valve ages with use.

Figure 7 compares the amount of spool hole
thermal expansion for annealed and non-annealed
control valve bodies in relation to the mileage
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accumulated by the CVT. The results indicate that the
annealed valve body does not tend to experience
thermal expansion.

The effect of preventing thermal expansion on
reducing the amount of fluid leakage from the control
valve is shown in Fig. 8.

4. Oil Pump

Reducing the fluid flow rate consumed by the
control valve and other parts made it possible to lower
the specific discharge rate of the oil pump. That
allowed the oil pump drive torque to be reduced by
approximately 25% compared with that of an existing
CVT oil pump (Fig. 9).

A flow simulation like that shown in Fig.10 was
also conducted to optimize the suction passage
geometry in order to reconcile the downsizing of the
oil pump with the avoidance of cavitation. As a result,
suction resistance was reduced and fluid flow into the
vane chamber was improved. The optimal oil pump
was thus developed that allowed the pump to be
downsized while at the same time avoiding cavitation.

Existing CVT{

I B

25%

CVT8

Drive torque

Oil pump speed

Fig. 9 Comparison of oil pump drive torque

5. Hydraulic Performance

5.1. Improvement of prediction accuracy of pressure
simulation

In terms of hydraulic performance, reducing the
amount of fluid leakage from the control valve had
the effect of quickening the transient pressure
response. There was concern that this might have
repercussions on performance.

Therefore, steps were taken to improve the
prediction accuracy of the pressure simulation model.
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The hydraulic circuit pressure loss (Fig. 11)
calculated by a computational fluid dynamics (CFD)
simulation was incorporated into the model along
with a model for considering various complex
geometries, including notches. Simulations were then
conducted with the improved model.

These measures made it possible to examine the
transient response of each pressure by CFD
simulation, something that has been very difficult to
predict heretofore (Fig. 12).

— Experiment |-

— Simulation
— Target
A
: Al
Z ] A FaN
2 I’ / J NS SN
=8} Y -

Time
Fig. 12 Response of secondary pulley pressure

5.2. Pressure oscillation analysis

A powertrain model and a control model were added
to the pressure simulation model mentioned above, and
a transfer path analysis of pressure oscillations was
conducted that included even parameters difficult to
measure experimentally (Fig. 13).

Parameter studies were also conducted, and the
optimal specifications were determined by calculating
the gain margin relative to the pressure oscillations
that occurred with different specifications. Figure 14
shows the results of a steady-state analysis in which
the damping orifice diameter of the control valve was

used as the parameter.

= $0.8 mm dia. single orifice

=~ 0.8 mm dia. double orifict

Phase-180

LT

BTTTYITAST

Fig. 14 Bode plots
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6. Conclusion

Reducing friction is indispensable to improving
CVT competiveness. Increasing the efficiency of the
hydraulic system contributes significantly to reducing
CVT friction. In the future, we intend to continue to
pursue measures for improving CVT efficiency
further, including enhancing the accuracy of the
simulation tools accumulated in the course of
developing the CVTS series.

Finally, we would like to express our deep
appreciation to everyone inside and outside the
company for their invaluable contributions to the
development of this high-efficiency hydraulic system.
Special thanks are due T. Oshidari, Senior Manager,
Powertrain Product Development Department No. 1,
Nissan Motor Co., Ltd., for his helpful cooperation
with the pressure oscillation analysis.

References

(1) R. Wakahara et al., "Introducing the hydraulic and
electronic control systems of a large-capacity
CVT," JATCO Technical Review, No. 5, 2004.

(2)R. Wakahara and H. Tanaka, "A study of a
hydromechanical shift control system for improving
both the efficiency and controllability of a steel-belt
CVT," Review of The Japan Fluid Power System
Society, Nov. 2005 (in Japanese).

Hisao NOBU

Tomohiro OOMURA

1321

Takahiro IKEDA Kenji KOJIMA



IEEEE -icocvTs0000000000JATCOODD

FEZ v THHS KO

Development of Start-off Slip Control and Torque Converter

e A g Stin” A e
Masatsugu ENDO Kouji OZAKI Takateru KAWAGUCHI

0000 #%EREICETIHGE=—XDEE)IC
Bz A0, Ay Tl OESERefbs, O
e AV rarnN—r— (LT ITClEd 5. ) D
B %177\, Jatco CVT8 (LLFICVT8]ET 5. )
IRz, AR CTRRZoEmEiEN+ 5.

Summary An enhanced start-off slip control
function and a compatible torque converter were
newly developed and adopted for the Jatco CVTS
series to meet heightened market needs for improved
fuel economy. This article describes the details of
these new technologies.
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1. Introduction

A torque converter functions as a start-off element
that transmits torque by means of a fluid. Among
other functions, it multiplies engine torque and also
automatically adjusts the driving force according to
the input and output rotational speeds. On the other
hand, the loss resulting from slipping in the torque
converter causes fuel economy to decline.

A key technique for improving fuel economy is to
control the amount of slipping and to lock up the
torque converter at a lower vehicle speed.

This article describes the start-off slip control for
locking up the torque converter right after vehicle
launch and a newly developed torque converter that is
compatible with this enhanced control technique.

2. Advantages and Issues of Start-off Slip Control

Traditionally, lockup control has been actuated to
engage the lockup clutch once the vehicle reached a
certain specified speed following launch.

In contrast to that approach, start-off slip control
engages the lockup clutch from a vehicle speed of 0
km/h. This works to suppress engine speed flare, and
engaging the lockup clutch at a lower vehicle speed
also improves fuel economy. The concept of this
control strategy is outlined in Fig. 1.

One issue that must be addressed to execute start-

off slip control is to ensure an acceptable balance of
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the following performance attributes.
@ Power performance
@ Booming noise
@ Driveability (shock, etc.)
@ Hydraulic performance
@ Lockup clutch facing durability

3. Measures for Resolving the Issue

3.1. Start-off slip control

Start-off slip control consecutively controls two
clutch phases. The first one is called Phase A in which
the lockup clutch piston strokes to engage the lockup
clutch without causing any shock. The other one is
Phase B which is defined as the stage where lockup
clutch torque is generated so as to enable the engine to
trace its target speed line at each accelerator pedal
angle in order to secure a good balance of fuel
economy, power and booming noise. The
configuration of each phase is shown schematically in
Fig. 2. A time chart of the commanded lockup pressure
during start-off slip control is shown in Fig. 3.

Lockup clutch piston stroke phase (Phase A) Lockup torque control phase (Phase B)

Torque
converter

Fluid
torque
Lockup

clutch
torque

Lockup clutch: Slipping

Torque
converter

Turbine
torque

Fluid
torque

Turbine
torque

Engine
torque

Engine
torque

Engine

Engine covT cvT

Lockup !
clutch |

Lockup clutch disengaged: Slipping

Fig. 2 Lockup clutch phases

In order to accomplish early engagement of the
lockup clutch in Phase A, the lockup pressure
command is issued simultaneously with the driver's
depression of the accelerator pedal, immediately
before the lockup piston begins to stroke. The actual
lockup pressure may fluctuate at that time due to
variation in the line pressure when the vehicle starts
off. To avoid that influence, the control system holds
the lockup pressure for a certain length of time, taking
into account the fluctuation of the actual pressure, and
that period is defined as Phase 1.

Subsequently, when the lockup clutch piston
strokes to engage the clutch, a response delay occurs
in the actual lockup pressure. The commanded lockup
pressure is ramped up at the rate specified for each
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accelerator pedal angle so as to keep any shock within
the allowable level even when the clutch engages
after the response delay. The lockup clutch is
therefore controlled so that it engages gradually. The
lockup clutch piston does not transfer any torque to
the torque converter cover even if the pressure rises.
This stage just before start-off slip lockup is defined
as Phase 2.

Phase A requires that the commanded lockup
pressure and the actual pressure be accurate.
Therefore, an adaptive learning control function has
been adopted for correcting any disparity between the
commanded lockup pressure and the actual pressure.
This is done by gradually raising the commanded
lockup pressure even while a vehicle is stopped and
detecting any fluctuation in the engine speed and
engine torque.

Engine speed flares or dips may occur in Phase B
during slip lockup control. These speed fluctuations
occur because of changes in the required lockup
torque, which are influenced by various disturbances
such as variation in the engine torque signal or
vehicle vibrations. The required lockup torque refers
to the lockup torque that is needed to make the actual
engine speed follow the target engine speed.

The following control procedure was adopted for
making the actual engine speed follow the target
value according to the change in the required lockup
torque. During slip lockup control, the actual speed is
made to follow the target according to a first-order
delay system from the engine speed arbitrarily
detected at time tO in a certain calculation cycle to the
target engine speed. The commanded lockup pressure
value is obtained by calculating the required lockup
torque in each calculation cycle. At the time the
required lockup torque calculation is performed, a
compatibility coefficient is applied to the target
engine speed and the current engine speed so as to
avoid any sudden change in the commanded lockup
pressure. In addition, a comparison is made of the
calculated required engine torque at the time of the
previous calculation cycle t-1 and the value calculated
in relation to the change in the engine speed at time
t0. The required lockup torque at the time of the next
calculation cycle t+1 is calculated. This procedure
works to improve robustness, and this stage is defined
as Phase 3.
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There was concern that subsequently the engine
speed might vary unintentionally when the vehicle
speed reaches the onset of shifting owing to a conflict
between shift control and slip lockup control. Smooth
lockup clutch engagement was achieved by varying
the slope of the lockup pressure according to the
difference with the specified slip rotational speed
(i.e., engine speed - turbine speed). This stage is
defined as Phase 4.

Figure 4 presents the experimental results for the
tuning of this control using a test vehicle. The results
show that engine speed flare was reduced and that
early lockup clutch engagement was accomplished
while securing driveability and power performance in
terms of acceleration (G) nearly equal to that obtained
with the existing control system.

3.2. Development of a new torque converter

The increased amount of heat applied to the friction
material of the lockup clutch is the biggest difference
between the new torque converter incorporating the
control system described above and the existing
torque converter. A simulation revealed that the
amount of heat generated in the new torque converter
was roughly three times greater than the level in the
existing converter. The reason for that is the friction
material also partially shares the torque load, whereas
in the existing torque converter the fluid alone bears
all the torque.

The increased heat applied to the lockup clutch
friction material made it necessary to prevent the
burning of the material and to improve anti-shudder
durability. The following two measures were adopted
Lockup clutch

Arc welding

Impeller

Boss

Converter cover

Fig. 5 Cross section of torque converter
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to meet these requirements.

The measure adopted to prevent burning of the
friction material was to improve local contact with the
lockup clutch. That was done to reduce the
temperature rise relative to the amount of heat
generated.

The impeller and cover of the torque converter are
generally arc-welded together. In the welding process,
a difference in stiffness may occur depending on the
presence of bosses for connecting the cover to the
engine or welding strain may develop due to the
overlapping of welding. As a result, the flatness of the
converter cover surface that slides against the friction
material may be affected. If excessive surface contact
pressure occurs locally, it increases the contact
pressure with the friction material, causing the
temperature of the sliding surface of the friction
material to rise. Figure 5 shows a cross-sectional view
of the components of a torque converter.

For the Jatco CVTS series torque converter, the
welding method was improved so as to reduce the
deviation in the flatness of the converter cover surface
by 60% compared with the previous level. The
measured deviation in flatness is compared in Fig. 6.

The second measure for improving anti-shudder
durability was to develop a new friction material.
Shudder is mainly caused by clogging of the pores in
the surface of the friction material by sludge resulting
from deterioration of the CVT fluid. Sludge markedly
occurs at higher temperatures. Therefore, the measure
adopted was to give the friction material a higher
percentage of pores in advance so that they would not
become clogged even if the material was exposed to
high temperatures.

Temperature time line

™~ ]
h AN [
h . .
P} N N [ New friction
o< PEEN /. material
224 I 2
g _L__JU 1 |
S>®© 1 - - N
BEE [ Existing RN T
oS5 friction material —
Q.= n e
0 §
ELL:-J N ~ N
e
\
Slip time

Fig. 7 Temperature time line

Figure 7 show temperature sensitivity time lines for
the existing friction material and the new friction
material used in the CVTS series torque converter.
The lines indicate the elapsed time until the
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temperature and friction characteristics reach a
negative slope. The anti-shudder durability of the new
friction material was improved by approximately four
times over that of the existing material as a result of
increasing the material's porosity.

Increasing the porosity generally reduces the
friction material density, causing its anti-peel life to
decline. The reduction of the anti-peel life of the
friction material used in the CVTS series torque
converter was suppressed as much as possible by
changing the material used and the engineering
method, thereby securing sufficient anti-peel strength.
The production limits of the material with respect to
these criteria are shown in Fig. 8.

4. Conclusion

The torque converter is a key functional part that
contributes greatly to vehicle power performance and
fuel economy. There are especially strong desires for
higher functionality with respect to lockup
performance. We intend to proceed with further
technology development efforts to expand the region
of lockup operation in the future through a
combination of the control software and hardware.

The authors would like to thank everyone
concerned for their invaluable cooperation with the
development work described here, especially the
people involved at Valeo Unisia Transmissions K.K.
and Exedy Co., Ltd.
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Overview of the Ratio Control System using Sliding Mode Control
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Summary This article describes the shift mechanism
hardware adopted for the Jatco CVT8 and the
associated changes made to the control software,
specifically effective use of sliding mode control.
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1. Introduction

The newly developed CVT8 adopts a direct pulley
pressure control system instead of the stepping motor-
based system used in the existing JFO11E unit. This
change in the pressure control system was made to
reduce the cost and size of the new CVT. The
previous robust control system was premised on the
combined use with a stepping motor, so it became
necessary to adopt an alternative control method.

The new direct pulley pressure control system was
adopted together with sliding mode control.

2. Shift Mechanism Representing the Plant

2.1. Shift mechanism with stepping motor and
mechanical linkage

Figure 1 shows the shift mechanism of the existing
JFO11E on which the CVT8 is based. The primary
pulley pressure is controlled by a mechanical servo
system consisting of a stepping motor and a
mechanical linkage. Under a steady-state condition,
the position of the stepping motor coincides with the
pulley ratio. In this system, a movable linkage
connects the stepping motor and the primary pulley
position sensor that detects the position of the pulley
in its axial direction. The center of the servo linkage
is connected to the ratio control valve. This
arrangement forms a hydraulic servo system that
moves the position of the primary pulley to coincide

O Y AT A BESE
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with the target ratio value. The ratio control valve
supplies and evacuates the hydraulic pressure that is
supplied to the primary pulley piston. Controlling the
position of the primary pulley piston in this way
accomplishes pulley ratio control.

2.2. Shift mechanism by direct pulley pressure control

The direct pulley pressure control system adopted
for the CVTS is shown in Fig. 2. The primary pulley
pressure is regulated directly by a solenoid valve to
control the pulley ratio.

Primary
Pulley

Primary

Pulley

Control

Valve

"""""""" P

N~

Fig. 2 Direct Pulley Pressure Control System

This shift mechanism has a simpler structure
consisting of fewer parts compared with the previous
stepping motor and mechanical linkage system, which
contributed greatly to reducing the weight and size of
the new CVT.

3. Sliding Mode Control

3.1. Adoption of sliding mode control

The shifting action of a steel-belt CVT is
determined by the clamping forces applied to both
pulleys. It is known that shift response has
nonlinearity due to the geometrical shape of the belt
wrapped around the pulleys and the rotational speed
dependence of the shift speed.(V

The previous system using a stepping motor and a
mechanical linkage formed a powerful hydraulic
servo system, as described above. Ample ratio control
performance was assured even with linear control by
regulating the supply and evacuation of the CVT fluid
within the range where the source pressure of the
primary pulley pressure system was fully secured.
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In contrast, the direct pulley pressure control
system does not have any mechanical hydraulic servo
system. That makes is necessary to treat the CVT
shift characteristics as they are in the form of a
nonlinear system. To do that required the introduction
of a new nonlinear control theory.

The shift control system must be able to shift the
CVT so as to provide a feeling of acceleration that
tracks the engine speed. Additionally, the pulley
pressure must be reduced as much as possible in order
to improve fuel economy.

Sliding mode control (SMC) was adopted for the
CVTS to satisfy those requirements. This control
methodology allows the application of a relatively
simple control law to a nonlinear system to ensure
high tracking capability and excellent robustness.

3.2. Principle of SMC

With the SMC technique, the desired response is
defined as a relational equation (sliding surface) in
terms of the state variables of the control system, and
a control operation is added so as to constrain the
response (Fig. 3). In applying SMC to CVT ratio
control, the sliding surface was assumed as expressed
in Eq. (1) below for performing the control operation.

o = dip/dt+c(ip — ip*) = 0 (1)

where ip is the actual ratio, ip* is the target ratio, ¢
is a constant and ¢ is the deviation from the sliding
surface. With the application of SMC, the shift state
quickly reaches the sliding surface (o = 0) and is
confined there. It can then converge to the target
ratio, moving along the sliding surface at the desired

shift speed.

3.3. Measures against chattering

In its simplest form, the control law of SMC can be
configured simply as only a switching gain input,
whereby negative compensation is applied when the
deviation from the sliding surface is positive (o > 0)
and positive compensation is applied when it is
negative (o < 0). The purpose of this switching gain
input is to correct the response difference. Setting a
large gain obtains high robustness, but it also causes
chattering that results in busy shift control behavior as
shown in Fig. 4.
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As measures against chattering, an equivalent
control input was added that induces a nominal
response and an approximation of the noncontinuous
switching gain input is performed to make it smooth.
A proportional-integral (PI) compensator was also
added to deal with the steady-state deviation produced
by approximating the switching gain input.

3.4. Application to CVTS8

In applying SMC to the CVT8, a large gain was set
in the region where high tracking capability is needed
for shift transients and the gain level was reduced in
the region where low tracking capability suffices.
This made it possible to obtain both high
responsiveness and stability.

The equivalent control input was set according to
the responsiveness of the actual pulley pressure when
an indicated pressure value obtained experimentally
was applied and the shift responsiveness when the
thrust forces from the actual pressure were applied to
the pulleys. A block diagram of the SMC system
adopted for the CVT8 is shown in Fig. 5.
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- + +
PI o el J)——>
It —> —» _.B>—b 4 Q _
P " Compensator o+ & & £ Primary
Thrust
Ip
g Geometric Property Force
dip/dt
® »  9x
Plant
Hydraulic System/
getesesscesnsanannnns - CVT Variator System
E Various 5—" )
: State - Ecéuwilelnt oL
: Variables . ontro ol
5 : Q
FEsssEsEEEsEsEEEERAEE - +
. » Balance
Clamping
Secondary » Force >
Thrust
Force

Fig. 5 Block Diagram of SMC for CVT8
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4. Effects of SMC

The shift waveforms obtained with a test vehicle
fitted with the CVTS8 are shown in Fig. 6 for the
automatic upshift mode and in Fig. 7 for the lift foot
upshift mode.
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: |

ip. ipk

5

Time [sec]

Fig. 7 Lift Foot Upshift Mode

The results show that the actual ratio ip (solid line)
tracked the target pulley ratio ip* (dashed line) very
well. This indicates that the SMC system achieves the
same level of shift performance as that of the previous
ratio control system.

5. Conclusion

The adoption of sliding mode control and the
incorporation of CVT shift characteristics into the
control software have achieved shift performance equal
to the previous system without using a stepping motor.
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Improvement of Heat Performance
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Hirohumi MICHIOKA Takehito ASAHARA Masaki WATANABE Toshinori SASAKI Daisuke KOZUMA
O000O0O7Tatco CVTS (LLTFCVT8 &3 5. ) DEL Summary In developing the heat performance of the
VRS2 720, MRk T AT R # new Jatco CVTS series, studies were conducted to
SNBEFOANFTY)—%ERL . TS ETr T ensure that it would have sufficient performance

IS8 , N

s s - tential. This took int t th hicl
WA 227D DR E 77, A TIZCVTSIC potentia is took into account the vehicle

. e categories the new series would be used on and the
BIFLEAERE RS OB AN T 5.

ongoing expansion of vehicle markets throughout the
world. This article describes the details of the heat
performance developed for the CVTS series.

1.0000 1. Introduction

xRy A3y ar (LT ITM] 25 2. ) JATCO supplies transmissions to vehicle
2O VR L TV, 5 O RE 4 7 i manufacturers around the world. Our transmissions
— - 7F) D, B
NFTREREE T Th, TMOMRERCTF A MRS
572012, TMHORE FFRRE L TICL T a.

must ensure performance and durability for use in
diverse environments and under various driving styles
in markets worldwide. To accomplish that, the fluid

Lo L7 a— IVifiigidH A9kl T8BY), TMOH temperature in the transmission has to be kept below a

AR D EI ROOLN TV A, certain allowable level. However, vehicle markets are

AETIIINSDE R A ESE7-CVTSIZBIT constantly expanding, making it necessary to develop

BEPERET A ICOWTRR AT 5. further the heat generation and radiation performance
of transmissions.

This article describes the technologies developed

2.cvrsobnoonoonno for improving the heat performance of the JCVTS8

series in order to satisfy the foregoing requirements.
CVTSDEMRET LT ML, TAMRIEH MO T

THOTMEDFF e iRL 2D, KT H70— 2. Development Concept for Heat Performance of
VI IR TELRT Uy vz fii 2 TV A, CVTS Series

A, BICE LA THREICB W THIEAZ I

AR 2 HE L7 The heat performance concept defined for the

CVTS series was to suppress heat generation and

Fig. IIKEOHEL IS MERKLIZDDTDH
% . AR R (2T BLE] T o A YR il S A

ensure sufficient heat radiation in increasingly harsher
usage environments. In short, the new series needed

ZORBLES B AL T, (Fig. 1HHA) 7ML — to have the performance potential to cope with use in

ZH#E LR HE IR O m AN B TOETHHE R ever-expanding global markets, while being

TW5h, (Fig. 1H1B) competitive with other transmissions in terms of cost
HR PRI 4) RS IXADO M A S, ) HE and vehicle mountability.

Figure 1 shows typical vehicle speeds and road

uY e MEES
Project Promotion Office

= VERe - W97y — 7

Product Performance and Control System Experiment Group
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grades found in various countries. One notable
characteristic is that the required vehicle speed has
been increasing in emerging economies in recent
years accompanying the construction of expressway
networks (A in Fig. 1). Additionally, the incidence of
driving under high loads is also increasing, such as
for pulling a trailer or driving in mountainous regions
(B in Fig. 1).

The negative correlation seen between the vehicle
speed and road grade indicates that the factors
involved in heat generation/radiation differ between
high vehicle speeds and steep road grades. Therefore,
a study was made of measures for improving
performance under both sets of conditions.

2.1. High vehicle speeds

Wind generated by vehicle motion secures ample
heat radiation in high-speed driving. Accordingly, the
main focus under this condition was to reduce the
amount of heat generation. The heat generated by a
transmission represents the unit's energy loss. Heat
generation is a product of the rotational speed and
torque loss. Therefore, in order to reduce the amount
of heat generated, it is necessary to reduce torque
loss. For the CVTS series, efforts were made to
reduce fluid churning resistance inside the unit, which
has a large effect on heat generation during operation
at high rotational speeds.

2.2. Steep road grades

As the tendency shown in Fig. 1 indicates, the
vehicle speed is lower on steep road grades than it is
during high-speed driving. Because the heat radiation
promoted by the wind produced by vehicle motion
decreases at lower vehicle speeds, priority was put on
increasing the amount of heat radiation under this
condition.

One specific way of accomplishing that would be
to increase the size of the oil pan. However, that is not
the best approach because it would increase the cost
and worsen vehicle mountability. Therefore, efforts
were made to increase the fluid flow rate to the oil
cooler, representing an internal transmission
improvement.
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3. Measures for Attaining Development Concept

3.1. Reduction of churning resistance

Contact between the rotating elements of the
transmission and the fluid surface results in torque
loss, i.e., churning resistance. Such contact increases
especially at high fluid temperatures when the fluid
surface level rises due to the fluid's thermal
expansion, which results in greater heat generation.
Therefore, it was necessary to develop some technical
measure for lowering the fluid surface level, while at
the same time ensuring reliable submersion of the
strainer even under extremely low temperature
conditions and when the vehicle is tilting.

For the CVT8 series, this issue was resolved by
designing the oil pan geometry as shown in Fig. 2 so
as to satisfy the above-mentioned performance trade-
off. One part of the suction port of the strainer was
made deeper, which ensures that the strainer remains
submerged in the fluid while also lowering the fluid
surface level by 17 mm compared with that of an
Existing CVT.

However, even though this geometry lowered the
fluid surface level, a part of the final gear was still
submerged in the fluid, which would cause churning
resistance. Therefore, a baffle plate was developed for
the CVTS series to cover the rotating final gear and
thereby reduce the churning resistance it causes. The
geometry of the baffle plate is shown in Fig. 3.
Rotation of the plate discharges the fluid on the
inside, thereby reducing the extent to which the final
gear is submerged, which has the effect of lessening
churning resistance.

Figure 4 compares the torque loss of the CVTS8
series and an Existing CVT. The results show that the
CVTS series experiences less torque loss than the

,/_//‘

| ExistngCVT |

@

°

]

=}

<2 ————— e ————————— -
A CVT8

Fluid temp.

Fig. 4 Comparison of torque loss
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Existing CVT and that this reduction is maintained
even at high fluid temperatures. This indicates that
the CVTS series also has more robustness in that the
fluid temperature is less likely to rise.

3.2. Increased flow rate to oil cooler

The amount of fluid flowing to the oil cooler can be
increased by the following measures:

@ increasing the discharge rate of the oil pump, and

@ reducing fluid leakage.

Increasing the discharge rate of the oil pump would
require greater torque to drive the pump, which would
lower the efficiency of the transmission. To avoid
that, the following measures were taken to reduce
fluid leakage substantially. For the CVTS series,
priority was put on reducing leakage between the
control valve and the pulleys, which accounts for an
especially large proportion of the total leakage.

The control valve serves to generate the optimum
pressure by using solenoids to actuate the spools.
Because the spools are always moving, gaps occur
between the sliding parts and fluid leaks through the
gaps. The control valve of the CVTS8 series was
developed so as to minimize such gaps and thereby
reduce fluid leakage.

The pulleys consist of sliding and fixed pulley
halves and clamp the belt by means of hydraulic
pressure. Under a high clamping force condition, the
pulleys are displaced by the reaction force from the
belt, thus increasing the gap between the sliding and
fixed pulley halves (Fig. 5). As measures for
preventing this gap increase, the interdigitation length
of the sliding and fixed pulley halves was increased
and the sliding pulley half stiffness was increased.

CVT8
i} . - =B
3
®
; ‘_-_-__________
2 Existing CVT
T
=)
T
Fluid temp.

Fig. 6 Comparison of flow rate
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These measures proved effective in reducing fluid
leakage.

Figure 6 compares the fluid flow rate to the oil
cooler for the CVT8 series and an Existing CVT. The
results show that the flow rate in the CVTS series has
been increased over that of the Existing CVT, thereby
securing the desired amount of heat radiation.

4. Conclusion

This article has described the measures taken to
suppress heat generation and to secure ample heat
radiation in the newly developed CVTS series. These
measures successfully improved the robustness of the
series for use under even harsher driving
environments, keeping in mind vehicle applications in
ever-expanding global markets.

We intend to continue development work for
improving heat performance further, while coping
with future market changes and ensuring
competitiveness with other transmissions.

Daisuke KOZUMA
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Development of a Fuel-efficient CVT Fluid
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Summary The low viscosity CVT fluid was
developed and adopted for the new Jatco CVTS
series. The purpose was to lower the CVT friction
level by reducing fluid churning resistance as one
measure for improving vehicle fuel economy from a
material perspective. While possessing low viscosity,
the newly developed fluid is interchangeable with
existing CVT fluids as a result of formulation changes
made to the base oil and the viscosity index improver.
Therefore, it can also be used in existing CVTs to
contribute to fuel economy gains. This article
describes the development aims and performance of
the low viscosity CVT fluid.

1.0000
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1. Introduction

The importance of measures for addressing global
environmental issues, such as conservation of
resources and prevention of global warming, has been
increasing every year. In this regard, JATCO has been
working to improve vehicle fuel economy by
reducing transmission friction through the
development of new technologies. This has included
expanding the torque capacity range of CVTs to make
them applicable to a wider variety of vehicle models,
the downsizing of the oil pump, and the development
of a new steel belt, among other measures.

As one measure for reducing friction in connection
with the transmission fluid, the viscosity was lowered
to reduce churning resistance and clutch drag
resistance. Low-viscosity automatic transmission
fluids (ATFs) have been adopted for our stepped ATs
since 2005.() In contrast, the viscosity of CVTFs was
not reduced for several reasons, including the fact that
CVTs require higher hydraulic pressure than stepped
ATs and for preventing wear between the belt and
pulleys that are in sliding contact under high surface
pressure.

With the aim of improving the fuel economy

S AT AR5
Hardware System Development System
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Table 1 Formulation changes from existing fluid to new fluid

Base Oil VII
* Using low molecular mass

*Reduced the percentage of VII

Low viscosity + Using high VI

Permanently sheared viscosity
at high temperature

* Keeping viscosity of base
oil at high temperature

= Using low molecular mass
*Reduced the percentage of VII

* Keeping viscosity of base
oil at high temperature
VI ( High ¢ Low ) = viscosity change ( little ¢ large )

Lubrication + Using low molecular mass

X VI:viscosity index
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obtained with CVTs, we recently developed a low
viscosity CVTF that overcomes these issues and
adopted it for the Jatco CVT8 series. This new fluid
began to be adopted in existing CVTs in May 2011
and is currently used in all our CVTs included those
manufactured at our overseas production plants.

This article describes the new low viscosity CVTF.

2. Development Aims

Fluid viscosity is one factor influencing the friction
level of a CVT due to churning resistance, among
other things. Figure 1 shows CVT friction as a
function of the fluid's kinematic viscosity.
Accordingly, the viscosity of the new fluid was
lowered with the aim of reducing friction. In addition,
another aim was to give the new CVTF the same or
better post-shear viscosity, anti-wear performance and
fatigue resistance as existing CVTFs in order to make
it applicable to CVTs already in use.

Along with the global expansion of the regions
where CVT-equipped vehicles are sold, the
proportion of our CVTs produced at overseas plants
has been increasing every year. In line with this trend,
a further target set for the new CVTF was to make it
producible worldwide.

The development aims set for the new CVTF are
summarized below.

(1) To lower the viscosity

(2) To ensure post-shear viscosity

(3) To ensure lubrication performance

(4) To improve fluid availability through global

production

3. Measures

Table 1 outlines the formulation changes that were
made to the new fluid in comparison with an existing
CVTF for the purpose of achieving low viscosity and
ensuring post-shear viscosity and lubrication
performance. In addition, globally procurable
materials were adopted to facilitate worldwide
production of the new CVTF having an identical
formulation.
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Fig. 4 Calculated values of fully sheared viscosity
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4. Performance of New CVTF

4.1. Viscosity properties

Figure 2 compares the temperature-viscosity
properties of the new CVTF and an existing CVTF.
The kinematic viscosity of the new CVTF has been
reduced by an amount equal to 7°C over the entire

temperature range compared with that of the existing
CVTF.

4.2. Shear stability

The shear stability of the new CVTF was evaluated
by conducting a test in which the shear time of the
fluid was varied by applying ultrasonic radiation. The
test was conducted using a sonic shear stability tester
as specified in JASO standard M347 1995.?

The post-shear viscosity was calculated from the
test results using the formula shown in Eq. (1)®
below. Figure 3 presents the sonic shear stability test
results for the existing and new CVTFs, and Fig. 4
compares their post-shear viscosity. These results
confirm that the newly developed fluid possesses
excellent shear stability and also has post-shear
viscosity equal to or better than that of the existing
fluid.

KV = KViim+ (KVin-KViim) / (1+KXt) (1)

=2x—New Fluid
=O— Existing fluid

Kinematic Viscosity@120°C

10

40

20 30
Time, h
Fig. 3 Results of sonic shear stability test

50

4.3. Lubrication performance

The thickness of the fluid film that forms generally
decreases as the viscosity is reduced. However, the
film thickness of the new fluid was secured by the
measures explained in section 3. Figure 5 compares
the fluid film thickness measured with an
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elastohydrodynamic lubrication (EHL) test rig. The
results confirm that the film thickness formed by new
fluid is equal to that of the existing fluid. The anti-
seizure performance and anti-wear performance of the
new fluid were evaluated by conducting shell four-
ball tests. Figure 6 shows the results obtained in a
shell four-ball test for measuring extreme-pressure
properties (ASTM D2763-88)® and Fig. 7 shows the
results obtained in a shell four-ball wear test (JPI-5S-
32-90).® Fatigue resistance was evaluated in a life
test conducted with thrust needle bearings and the
fatigue life results are compared in Fig. 8. The results
indicate that the new fluid provides the same level of
lubrication performance as the existing fluid.
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Fig. 6 Results of shell four-ball extreme pressure test
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4.4. Evaluation in vehicle tests

A fleet test was conducted with test vehicles and the
iron concentration in the fluid was measured following
the test. The results are shown in Fig. 9. These results
also confirm that the new fluid provides the same level
of lubrication performance as the existing fluid.

4.5. Friction reduction effect

Friction measurements were made for the new and
existing fluids using the same Existing CVT in order
to confirm the friction reduction effect of the newly
developed fluid. Figure 10 shows the rate of friction
reduction achieved by the new fluid in comparison
with the existing fluid at 25°C and 80°C. The results
confirm that the new fluid effectively reduces CVT
friction at both fluid temperature levels compared
with the existing fluid. It was also confirmed in
vehicle tests that the new fluid is effective in
improving fuel economy by approximately 0.5% in
fuel economy tests conducted under both the U.S.
combined driving cycle and Japan's JCOS8 test mode.

20
— Unit: Existing CVT
s 16 Ratio: High
g Input speed: 1500 rpm
s Fluid level: Hot-middle
=
E 12
=
2
-é 8
G
1)
2 4
o~

0

25C 80°C
Fig. 10 Results of CVT friction test

5. Global Production and Supply

JATCO is currently producing CVTs at our
production plants in Japan, China and Mexico and
will also launch CVT production in Thailand in 2013.
Vehicles fitted with our CVTs are produced at a wide
range of assembly plants and the CVT-equipped
vehicles are sold throughout the world.

In order to accommodate the ongoing expansion of
vehicle assembly plants that produce CVT-equipped
vehicles and the regions where they are marketed, it is
necessary for us to have a global network for
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producing and supplying CVTFs.

The use of globally procurable materials for the
new fluid made possible its global production from
the time it was initially adopted.

6. Conclusion

This article has described a newly developed low
viscosity CVT fluid that possesses the same post-
shear viscosity and lubrication performance as an
existing fluid. That performance was achieved by
taking into account fluid film formation and shear
stability in the formulation of the base oil and
viscosity index improver. Friction measurements
made with an actual CVT showed that the new fluid is
effective in reducing friction by 8% compared with an
existing fluid at a fluid temperature of 25°C. This new
fluid began to be adopted in our existing CVTs in
May 2011, and it contributes to a significant friction
reduction in the newly developed CVT8 series.
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Development of a High Torque Capacity Chain for CVT
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Summary The new Jatco CVT8 High Torque model
was developed for use on front-wheel-drive vehicles
fitted with a large displacement engine. The
development objectives set for this new CVT with a
high torque capacity were outstanding fuel economy,
size and weight reductions and quiet operation. To
achieve those targets, a high torque capacity CVT chain
was newly developed in cooperation with LuK GmbH
& Co. KG. This article describes the efforts undertaken
to develop this new chain, including the pulleys and
other associated parts, with respect to increasing torque
capacity, boosting efficiency, and ensuring good noise
and vibration performance, among other attributes.
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1. Introduction

JATCO launched production of the new Jatco
CVTS and the Jatco CVT8 High Torque (CVT8HT)
model in 2012. This new CVT series, designed for
use on front-wheel-drive vehicles, was developed
around the three concepts noted below. Two Existing
CVT models were unified into one series for use on
2.0L to 3.5L-class vehicles, making it possible to
cover a wide range of applications. At the same time,
the constituent parts were thoroughly improved to
achieve a substantial fuel economy gain.

(1) To achieve both higher fuel economy and better
power performance by expanding the ratio
coverage

(2) To improve fuel economy by reducing friction

(3) To develop a common CVT for use on 2.0L-3.5L-
class front-wheel-drive vehicles by downsizing
the unit

As shown in Table 1, it is especially notable that
the Jatco CVT8HT provides a torque capacity of 380
Nm and expands the ratio coverage to 6.3, while the
distance between the pulley shafts was reduced by 5
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Hardware System Development Department
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Experiment Department
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Table 1 Major Specifications

Item Existing CVT| CVT8 HT
Torque capacity [Nm] 350 380
Ratio coverage 5.4 6.3
Pulley ratio 2.37~0.44 2.43~0.38
Dineberen | o [
Drive mechanism CVT belt LuK chain
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mm compared with that of the existing CVT for use
on 3.5L-class vehicles. One key technology for
achieving this performance is the high torque capacity
CVT chain (LuK chain) that was newly developed in
collaboration with LuK GmbH & Co. KG. This paper
describes in detail the technical features of this new
chain that was developed to accomplish the
development concepts mentioned above.

2. Features of LuK Chain

The structure of the newly developed LuK chain is
shown in Fig. 1. It consists of two types of layered
link plates of different lengths which are connected
by means of a rocker joint comprising two rocker

pins. This chain has a completely different structure
from that of the metal push belt (CVT belt) adopted
previously for our steel-belt CVTs.

Rocker joint
= 2 rocker pins

Fig. 1 Structure of LuK chain

The distinctive features of this LuK chain include
its structure that reconciles a smaller, lighter design
with wider ratio coverage and a low level of friction
loss. The structure is better suited to supporting
higher torque capacity than the existing CVT belt,
making it especially suitable to a high torque capacity
CVT like the Jatco CVT8HT.

3. Optimization of Clamping Force
Figure 2 shows a model of the torque transmission

mechanism of a CVT that uses a belt or chain as its
shifting element. Drive torque is transmitted by
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means of the friction force of both the belt or chain
and the pulley sheave face that serves as the mating
part. Accordingly, if the force (pulley thrust)
produced by the applied hydraulic pressure to clamp
the belt or chain is set too low, slip occurs between
the mating parts. Conversely, if the clamping force is
set too high, it puts a higher load on the oil pump that
generates the hydraulic pressure, thereby increasing
friction loss. In either case, fuel economy deteriorates.
Therefore, in adopting the LuK chain it was essential
to optimize the clamping force.

Many different factors must be considered in
determining the minimum necessary clamping force
so as not to cause any slip loss, including the driving
conditions and specifications of associated parts,
among other things. As one example, it is necessary
to consider the input torque and speed, ratio coverage,
type of fluid used for lubrication and its temperature,
the surface properties of the sheave face, pulley
stiffness and other aspects.

In connection with the adoption of the LuK chain,
we used the zeta maximum method» explained here
to determine the necessary clamping force. With this
method, the necessary clamping force can be found in
a nondestructive manner, making it possible to
conduct test evaluations more efficiently than before.
The term zeta refers to the ratio of the clamping force
of the primary pulley to that of the secondary pulley.

As shown in Fig. 3, the shift ratio, input speed and
the clamping force of the secondary pulley are all
kept at a certain given level with this measurement
method. While constantly controlling the primary
pulley clamping force, the input torque is gradually
increased to determine the zeta maximum torque level
at which zeta reaches its maximum value. In this way,
the necessary clamping force is determined.

T I
Ratio=2.413 —ZETA [-]
Npri = 3000 rpm — Tpri [Nm]
|| Fsec=43.5kN _ _ZETAmax_ _ p—
0il Temp = 80°C —
e 7| ZETA max Torgue |
o / g
g £
S| / E
/ / //
40 60 80 100 120 140 160 180 200
Time [sec]
Fig. 3 Clamping force measurement with
ZETA max method
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In measuring the actual zeta value, a CVT chain
box test rig like that shown in Fig. 4 is used. This box
test rig has been used previously to conduct tests on
the CVT belt. The box test rig is connected to a
programmable controller and a servo valve. The test
rig has been modified so that the shift ratio can be fed
back to vary the primary pulley clamping force. The
test rig is built such that actual CVT pulleys can be
used as they are in measuring the clamping force,
which eliminates any effect of the load-bearing
stiffness on the CVT chain.

I I
Ratio =2.413 = ZETA with Chain Box Test Rig
| Npri = 3000rpm —ZETA with CVT Unit L
Fsec = 64.0kN ® ZETA max with Chain Box Test Rig
Oil Temp = 80°C ® ZETA max with CVT Unit

ZETA

//’;?—
/

200
Tpri [Nm]

300

Fig. 5 Comparison of zeta maximum torque values
between chain box test rig and actual CVT

Figure 5 compares the zeta maximum torque values
measured with the CVT chain box test rig and with an
actual CVT. The results show good agreement
between the measured zeta maximum torque levels.
Therefore, the CVT chain box test rig was used in
optimizing the clamping force.

4. Optimization of Sheave Surface Texture to Secure
Desired Torque Capacity

In connection with the adoption of the LuK chain
for the new Jatco CVT8HT, straight sheave faces
were selected for the pulleys to facilitate shared use
of the manufacturing facilities with the Jatco CVTS8
that is fitted with a steel belt. The sheave surface
texture described below was developed for the
purpose of securing the desired torque capacity.

4.1. Investigation of sheave surface texture

In order to transmit high torque of 380 Nm
efficiently, it was necessary to prevent slip loss
between the LuK chain and the pulleys. As shown
schematically in Fig. 6, a condition of mixed
lubrication exists at the contact surface between the



ooocviooooooo

DEEAT B, W E S L TR B S AN
Remol a3, SBHEEMSHEZELRY, &
B2 Gk T CIRBEEBREEZELLL A DD 5.
FNo%ild 5728, Fig. 6l1I/RT LIS, ¥—
THREOZE S LA IR LHEIIT, Bz M
FHIENZEEIT A2 &L, #ERHBEE SO K%
Bill§ 52 % FIRE L 72 K10 O ML S IR (DL
TlIRETZ7AFY— T2, ) O txziro7.

L AL LSS,
A

777775~ 0il film

P f ;
A A

7%

Pulley sheave
/7///;//’///.:

Rocker pin
e

A

/ﬁglGroove for reducing

# oil film thickness

s

FIEFFIFIFFFIF

Fig. 6 Schematic diagram of contact surface

COV—=THORET I AFv—%EFHRT DD
D, BMYLMERESERFT L7007 2—-FAL,
&) R b % PO 2720 D35 A—FBD2FHHHE
DIFFEE VAT EIZED, Fig. 7IORTEIIC, ML
7755 LI R OO T 7 AN W] fE e fH ISR R E L 7.
42.000000000

WL OOy —E e — 7 HEORMIZIT SR
MR AEH 5720, =7 HOBENA+43T
oL, KT I7AFv—DBEFEIEINGE AL
L, Fig. TOMVIEERFEEZNNLTTREDS S 5.

Fig. 8IZSCR420HH 212 e ANBER L% filL 72
T=)—IZBIT S, WARTRO Y — 7 HOM S #
AT, AR R E ST I FELL T
HZENbHhAH. F72, Fig. IR TIN, A
DY —THDREME SO Z R T A ROHNT.

1) Before durability test  1um

Smm

2) After durability test

Fig. 8 Surface roughness profiles of sheave before and
after durability test
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rocker pins of the LuK chain and the mating sheave
face. In other words, if the surface roughness (height
of surface asperities) in the area of contact between
the rocker pins and the sheave face is too small
relative to the film thickness of the CVT fluid
supplied for lubrication, the resultant decline in the
friction coefficient will cause slip loss. Conversely, if
the surface roughness is too large relative to the fluid
film thickness, pronounced metal-to-metal contact
will occur and this harsh condition will cause
adhesive wear.

To avoid those problems, the texture (i.e., tiny
roughness geometry) of the sheave surface was
optimized as shown in Fig. 6. The height of the
surface asperities was suppressed and tiny grooves
were also provided in the circumferential direction
principally to prevent the formation of an excessively
thick fluid film.

Two types of indexes were used to define the sheave
surface texture. One was parameter A for maintaining
a suitable fluid film thickness and the other was
parameter B for inhibiting metal-to-metal contact. As
shown in Fig. 7, these two parameters were used to
define a region where both the desired torque capacity
and anti-wear property can be obtained.

—
I Torque

AT capaci
— pacity
5 1
©
£ I Anti-wear

property

obtainable

Parameter A
Fig. 7 Optimized sheave surface texture

4.2. Improvement of sheave surface hardness

High loads repeatedly act between the rocker pins
and the sheave face during vehicle operation. For that
reason, if the sheave face is not sufficiently hard, the
surface texture will gradually be flattened and smoothed
by wear, with the result that performance might deviate
from the desired torque capacity limit in Fig. 7.

Figure 8 shows surface roughness profiles of the
sheave face before and after a durability test
conducted on a pulley made of carburized, quenched
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Fig. 9 Decline in sheave surface hardness after
durability test
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and tempered SCR420H steel. The results after the
durability test show that the surface roughness was
markedly flattened and smoothed. The results in Fig.
9 also show a pronounced decline in sheave surface
hardness following the durability test.

Therefore, a technique was investigated for
improving sheave surface hardness with the aim of
maintaining a suitable surface texture by preventing it
from being flattened and smoothed by wear. The
investigation also took into account the temperature
rise that occurs at the contact surface under harsh
operating conditions.

Test pulleys were made of three different
specifications: the baseline carburized, quenched and
tempered SCR420H steel, a Cr-Mo steel that was
carbonitrided, quenched and tempered, and the
baseline SCR420H steel that was subjected to an
additional micro-shot peening process.® Figure 10
presents the measured surface hardness of the pulleys
before and after tempering at the estimated contact
temperature.

@ Before tempered
B After temered

1000

900

800

700

Hardness [HV]

600

500
400
SCR420H Cr-Mo steel SCR420H
carburized carbo-nitrided micro-shot
peened

Fig. 10 Change in sheave surface hardness before and
after tempering at the estimated contact temperature

The results in Fig. 10 show that the micro-shot
peened pulley possessed higher surface hardness than
the other two pulley specifications following
tempering at the estimated contact temperature.
Moreover, because this specification would also
facilitate shared use of the existing heat treatment
furnace, micro-shot peening was selected as the
technique for improving sheave surface hardness. In
the actual pulley manufacturing process, micro-shot
peening is performed before the sheave face is
finished machined so as to achieve both surface
hardness and the formation of the surface texture.
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4.3. Determination of the surface texture control
window

Figure 11 shows the control window defined for the
sheave surface texture based on the estimated change in
the sheave face over time under harsh operating
conditions. Assuming that the initial surface texture is
within the control window shown in the figure, the anti-
wear effect of micro-shot peening can keep the surface
texture within the torque capacity limit and the adhesive
wear limit shown in Fig. 7, even if tiny changes occur
in the sheave face with the passage of time.

5. Noise and Vibration Performance

In connection with the adoption of the LuK chain,
the measures described below were taken to secure
quiet operation by reducing excitation forces and the
sensitivity to vibration transmission.

5.1. Reduction of excitation forces

One measure for reducing excitation forces was to
adopt a random chain pitch pattern. Another measure
was to optimize the contact angle between the rocker
pins and the pulley as shown in Fig. 12, which was

effective in reducing excitation forces.

5.2. Reduction of sensitivity to vibration transmission

One characteristic of CVT chains, not only the LuK
chain, is their sinusoidal resonance. Accordingly,
CVTs that adopt a chain display a peak excitation
force at the sinusoidal resonance frequency. An effort
was made to reduce the sensitivity to vibration

transmission by focusing on this characteristic.

(1) Optimization of guide rail shape

As shown in Fig. 13, a stiffer guide rail with an
optimized shape was adopted for the purpose of
reducing the vibration amplitude due to sinusoidal

resonance.

(2) Separation of sinusoidal resonance frequency and
CVT's natural frequencies
The case stiffness was optimized and the vibration
amplitude of the vibration transmission mechanism
was minimized in order to separate the sinusoidal
resonance frequency of the LuK chain from the

adjacent natural frequencies of the CVT.
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6. Conclusion

JATCO adopted its first-ever LuK chain for the
CVT8 High Torque model, a newly developed CVT
with high torque capacity for use on front-wheel-
drive vehicles equipped with a large displacement
engine. This LuK chain contributed substantially to
the attainment of outstanding fuel economy and size
and weight reductions, which were defined as the
development objectives of the new CVT series.

In developing this LuK chain, vigorous efforts
were made to address many different issues, including
assuring the desired torque capacity and
noise/vibration performance, while sharing the same
basic pulley (i.e., mating parts) specifications with the
CVTS8 that is fitted with a steel belt. Those efforts
also included the development of new experimental
methods, and they made it possible to accomplish the
high performance targets set for this new CVT series.
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Summary For the Jatco CVTS series, JATCO
established a Powertrain Global Production
Engineering Center (GPEC) to ensure uniform mass
production quality for this transmission by detecting
and resolving mass production issues early. That was
accomplished by eradicating mass production issues
in the production trial carried out in the development
phase and ensuring manufacturing quality. This
article outlines the Powertrain GPEC and presents
examples of the activities carried out.
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1. Introduction

The environment surrounding the Japanese
automotive industry is accelerating moves to globalize
production owing to the marked decline in domestic
vehicle demand and the sharp appreciation of the yen,
among other factors. In recent years, it has also been
necessary to shorten development lead time
substantially from the planning of a new transmission
model to the launch of mass production, while at the
same time ensuring high manufacturing quality.
Previously, JATCO first launched a new product at a
plant in Japan and then expanded production to
overseas plants later. However, mass production of the
CVTS series was initiated directly at overseas plants
from the beginning. For that reason, it was necessary

Mass production problems are solved in the development phase.
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Fig. 1 Concept of Powertrain GPEC

* AR

Prototype Manufacturing Dept.

1671



Early Issue Resolution Through Powertrain GPEC Activities

2. 00000040GPECOODO

HMGPECIE, HETLYOYAY—< T U 2BLiE
L7ZBRETT, YV ATE)NAAZ TR
SR Ty R ERORM, B 1LE, WMmzxfio
TIUIZTI)TRNED YA I 7 TR ENED FH-if

DIRFAEZ AT > T\ 5.
—JFINnE LT, /ST —Rh A GPECO %
T=E55.

—EHIZERRELHT, ERTEnoy=7)r7
;fwm7mczmiﬂf“gfﬁL%@@aaihﬁﬂiﬁ%( 75

BEBEDOEA) ~ &M AR EIT > TV 575,
INT—RMAVGPECTIZ =7 » 73k AE LRI
DR RNEBR B DO CWAES RS, Zh

E1=v DG, i E T DR DY —
FIALDRLETHY), ERFEITICHE Mt kT

— =z nn
Mg S, ELLEERERIET L)L END

LENHTHD.
THEEELTIE, SEREIH EME RIS ERE
ial—varE{To Tz, HzIEEYvER—=

YUMILGEHORELEES I2L—TarE %
AEDE/ OO TEIEL 7LD H LR
TWLHTH5.

i, T ZyMIEBaMIBIRZZT TR,
RER X T /A ABREREED EDIAADL L Wz, F
BN ERE T R R R LA VER e S H72012
/\7—MM/GPECTONEEBHQEOHfaéﬁfm“z)
VB HoTzrHThLH., 2T, CVTTIEIH L
FFrEam R L7 =) — O R BT
AR LERIRREICBNT, BEYIal—Tsa
YEFEmLI.

= HIZ ST =AY GPECDA > 7 7L AN BB
%lZdH 5. HijIINissan Integrated Manufacturing
Systems (NIMS) (2 &0 £ T3 D A4 g 70+ AR i
fbEFEHL TWAH20, FHROLHIZHEGPECIS
FEEDOBAMERER ALV REZADS, L=y MIL &
T 2R RE A\ e R AR AN I 2 PEY, [ 45

DAY T FTHEFIZIZ L OB E B LSV IR A.

FIC, MEETRETREOEERN T (5T EFIK-
J—I e JEABES) B EL, MERREY
B2 THMEEZ EML TWb. F0ETHIUTHAL
IZZFDEEEZ KO T/ — AV GPECE E ML T

1681

to build in manufacturing quality at stage of the
development phase production trial equal to that
attained in mass production. This way of thinking is
already being practiced at Nissan Motor Company's
Global Production Engineering Center (GPEC)
located at the Zama Operations Center. In conjunction
with the development of the CVTS series, we
established a full-scale Powertrain GPEC that was
intended to provide a workplace and an environment
in which the development and manufacturing divisions
could work together in creating the optimum design
drawings, production processes and work procedures
starting from the development stage (Fig. 1).

2. Features of Powertrain GPEC

At Nissan's Vehicle GPEC, tests are conducted at
the time of the engineering phase production trial to
evaluate mass producibility using actual production
facilities, jigs, tools and parts. These tests are done in
an environment equipped with the master machines of
the vehicle production plant, which have been
digitally programmed with the process conditions and
related data. In contrast to this situation, our
Powertrain GPEC has the following three features.

The first feature concerns the timing of the activity.
At the Vehicle GPEC, mass producibility is examined
in the course of carrying out the engineering phase
production trial. Corrective measures are devised for
any problems that occur, and the final product quality
is confirmed. Our Powertrain GPEC differs in that the
activity begins from the design lot phase prior to the
engineering lot. One reason for that is a longer lead
time is required for determining the specifications of
a transmission. The product specifications must be
finalized and any major production issues must be
settled before the production design release.

A second feature that differs from the vehicle
program is that theoretical studies for transmissions
have traditionally been conducted mainly in the form
of mass production simulations. For example, a mass
production simulation to optimize the machining
conditions of the gear honing process has been
conducted in the course of building a development
phase prototype. That has been done because there are
many performance attributes that must be built in
early, including the hydraulic pressure performance
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and gear noise performance, in addition to the shapes
of the transmission parts. It was necessary to conduct
those simulations as part of the activities of the
Powertrain GPEC in order to finalize the mass
production drawings, production processes and work
procedures at the earliest possible stage. Accordingly,
a mass production simulation was performed to
determine the optimum finish machining conditions
and jig/tool geometries for the CVTS pulleys for
which new engineering methods and technologies
were adopted.

The third feature concerns the infrastructure and
surrounding environment of the Powertrain GPEC. At
the Vehicle GPEC, the production process in each
shop is standardized according to the Nissan
Integrated Manufacturing System (NIMS), making it
possible to equip the center with facilities equivalent
to the mass production setup as mentioned above.
However, because the facility specifications needed to
support production of various transmission models
extend over such a wide range, it would take enormous
amounts of time and capital investment to prepare the
equivalent production infrastructure. Therefore, at the
Powertrain GPEC we select the critical process factors
that need to be examined, such as the jig/tool shapes,
coolant volume, press fitting speed and so on. Those
factors are then examined under an equivalent
environment, and, if necessary, the Powertrain GPEC
program is carried out in an environment sought
outside the company. That is another major feature of
the Powertrain GPEC (Fig. 2).

3. Activities Undertaken for CVTS Series

This section describes some of the Powertrain
GPEC activities actually undertaken for the CVT8
series.

3.1. Machining process verification

The example presented here concerns checking for
burrs remaining on fixed pulley halves in the
machining process for these principal components of
a CVT. This operation is done using tools identical to
those used in mass production.

Burrs sometimes remain around the fluid holes
when they are machined in the fixed pulley halves on
the mass production line. A simulation of the failure



Early Issue Resolution Through Powertrain GPEC Activities

{, T2, WIOBRELRBIHFLRIRETH-72. &b,
LI LA BWTYH, NI RK
TAHRBARRETVR N,
3.2.0000

T=1) =T 7)) =% — A AT BB
M3 5B E0EEFHFZLLTITRT.

CVT8TIX, 7—VU—7T+tr7V— OHE L
fiEDIHERIREL 727 =) — B #iG B2 EIC
otz TOBEIG B ORGSO WEF AL

VR REEET L7280, BREAEOBR )
LEBOEEE M- GE - HiEEZEFEEIILT,
7= AYGPECO TENEND B RDDIT
HINMFEE S ER T o7z, ZOE B R T
IEEh, mERMEPLERHASN TS, (Fig. 4)

j Jig for carrying & loading pulley assemblies ‘

N

The jig shape was decided at Powertrain GPEC
and transferred to each factory.

Fig. 4 Transfer of the jig for carrying and
loading pulley assemblies

3.3.00000000000000

WA ICBWTIE, K OERAEASHIHEIC -
TWALDD, ZTOWUEHEDPARHETH 727280,
FEEIEKH ARy 7% B L TB5T, & LRI
R R, ZORIELTEET TSIV —
E I A ER ah @ il B RGE S BTG B 24T 272D T,

Fhlz L FIRT .

3.3.1.0000000000

YT IAY =L BT, Mg EOEVHIEKA
TEREROMEN TVIZRET — A H -7z (Fig.
5PN E JTEE O E S XA THTRLEE O 2 E S ) .
ZOMIBEELT, 737 =M A GPECTIX 2+
BRSSP L T IAY — 25 I LT,
LR WREICL 72 L OB EANDHELLI A
rFEREL7.

1701

mode impact showed that burrs are a critical item of
concern. Therefore, in order to eliminate burrs, a
thoroughgoing analysis was made of the mass
production tools and machining conditions that
presumably would be used for the CVTS series. As a
result, a uniform quality map was created to show the
points assumed to be critical in terms of quality. An
environment was put in place for machining under
identical conditions, and a verification exercise was
conducted with the agreement of other related
departments. The results shown in Fig. 3 revealed that
no shape deformation occurred around the fluid holes
and that burrs were cleanly removed. It is noteworthy
that burrs did not cause any problems when
machining operations were subsequently launched at
the mass production plants.

3.2. Assembly process verification

This section presents an example of the uniform
quality achieved for the jig used when the pulley
assembly is installed in the transmission case. A jig
capable of carrying multiple pulley assemblies at one
time was needed based on the assumption of
dedicated pulley assemblies for the CVT8 that would
be shared with another CVT model. It was assumed
that the structure of the jig and its ease of use would
greatly influence the work speed and safety.
Therefore, verification exercises were conducted at
the Powertrain GPEC beginning from the
development phase production trial. This involved
participation by actual line workers using parts, jigs,
tools and methods identical to those employed in
mass production operations. Improvements were
repeatedly made until each element was optimized.
The same jig was then transferred to the mass
production plants and put in use from the mass
production trial (Fig. 4).

3.3. Implementing uniform quality assurance methods
for purchased parts

Although the values required of purchased parts
were clearly indicated on the design drawings, the
methods to be used in measuring the values were not
specified. Consequently, there were parts that did not
actually meet the specifications and adversely
affected downstream operations. To address this
situation, an activity was undertaken with the
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Fig. 6 Instructing workers in contamination measurement

suppliers of mass-produced parts to implement
uniform quality assurance methods. Examples of this
activity are explained below.

3.3.1. Uniform methods of measuring dimensions
There were cases of quality troubles during mass
production that were caused because the measurement
methods being used differed between some of our
suppliers and JATCO. For instance, Fig. 5 shows an
example of incorrect measurement of surface
roughness due to the use of different methods to
measure part dimensions. As a measure for resolving
this problem, suppliers and JATCO's quality assurance
division clearly defined the methods to be used for
measuring dimensions and characteristics at the
Powertrain GPEC, and those methods were then
incorporated into the inspection standard documents.

3.3.2. Uniform method of measuring contamination

The inspection for contamination involves
measuring the quantity of foreign matter present, but
the measured results are greatly influenced by the
measurement method and equipment used. The results
of a preliminary survey revealed that several suppliers
were applying their own methods to measure
contamination, which made it clear that those
suppliers and JATCO were using different procedures.

A workshop was therefore held to instruct suppliers
in contamination measurement procedures, including
explanations of the critical importance of controlling
contamination (Fig. 6). A mutual agreement was
reached to measure contamination using the same
method and equipment, resulting in the adoption of a
uniform method of measuring contamination.

As a result, no problems due to differences in
inspection methods occurred in the mass production trial.

3.4. Early creation of a standard operations manual
Previously, we began creating a standard operations
manual during the mass production trial after the
production line had been completed. Consequently,
problems in work procedures were not identified until
later because of the delay in finalizing the details of
how operations should be performed. In order to solve
that problem, it was essential to advance the timing

for creating a standard operations manual.
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Fig. 7 Checking the standard operations manual
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Therefore, a standard operations manual for the
CVT8 series was completed at an early point in the
development phase production trial. Actual line
workers used the standard operations manual in
carrying out their jobs according to the specified
procedures, and work details were identified that
presumably would require intuition or a special
knack. As a result, the critical points of work
operations for maintaining quality were incorporated
into the standard operations manual early on. That
information was then used effectively in training the
assembly plant workers from the outset of mass
production (Fig. 7).

3.5. Employee training

JATCO's employee training programs are
conducted at the Ginou Juku (Technical Skills
School) and the Global Training Center (GTC). For
the CVTS series, the activities of the Powertrain
GPEC and the GTC were merged in order to develop
the trainers of the manufacturing departments at the
overseas plants more effectively. Specifically, the
verification infrastructure (assembly line, etc.) at the
Powertrain GPEC was used to identify the skills
needed for the assembly jobs and to conduct training
courses for the trainers of assembly operations. That
was done to improve the teaching skills of the trainers
prior to the completion of the production line at the
overseas plants. It was effective in enabling the
overseas plants to maintain high quality levels from
the launch of mass production. Currently, it is
planned to build a mini-production line equal to that
of the Powertrain GPEC at each overseas plant and to
use it in thoroughly training new employees in the
standard work procedures of the assembly processes.

4. Activity Results

The objective of the Powerplant GPEC's activities
is to detect issues at the time mass production is
launched and to resolve them quickly. In Fig. 8, the
achievement index of the vertical axis for results is
the issue resolution rate, which indicates the
percentage of detected issues that are settled
successfully. The index of the horizontal axis for
causes is the uniform quality rate, which is the
condition supporting issue resolution and early
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problem solving. A uniform quality rate of 98% was
achieved for the CVTS series.

As a result of these activities, many registered
issues were solved in advance as was originally
intended (Fig. 9). While that was not due entirely to
the various activities of the Powertrain GPEC, its
contribution was significant. Indeed, approximately
80% of the issues were detected before the production
design release.
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2 Target Result
2 97l ) :
g 100% 100%
5 96
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Fig. 8 Improvement of production issue
resolution rate for CVTS8

5. Conclusion

This article has described the role of the Powertrain
GPEC in the development of the new CVTS8 series
and the production launch preparations. The uniform
quality rate with regard to the critical points in each
manufacturing process was raised to a high level of
98%. As a result, issues were identified early and an
issue resolution rate of 100% was attained at the time
of the mass production trial. That result stemmed
from the comprehensive simultaneous engineering
activities that were carried out, including the activities
of the Powertrain GPEC.

Many production launch projects are scheduled to
be carried out at the overseas plants in the coming
years. In order to further expand the synergies
obtained through the various activities of the
Powertrain GPEC, efforts are already under way to
improve the quality of the verification process.
Specifically, the ease of work procedures is being
verified on the basis of ergonomic principles, and
work operations are being confirmed from the
perspective of inexperienced workers particularly in
emerging markets.

We intend to continue to improve the Powertrain
GPEC program by enhancing the quality of the
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verification process and expanding the range of
verification work so that the program can be adapted
to diverse changes in the manufacturing environment.
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A Method for Measuring Sound Below the Background Noise Level
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Summary This article describes the development of a
method for measuring tiny noises radiated from a CVT
without requiring any measurement room, sound
insulation wall or other special facilities. This method
can be used on the production line where the large
effect of background noise has traditionally made it
difficult to measure radiation noise. The application of
this method to the chain noise produced by the Jatco
CVTS8 High Torque (CVT8HT) model is also described.
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1. Introduction

A LuK chain was adopted for the new CVT8HT
model for the purpose of improving fuel economy,
reducing costs and increasing the strength of the
transmission. As the development work proceeded,
the noise produced when the chain was squeezed by
the pulleys, referred to here as chain noise, was
identified as a technical issue that had to be
addressed.

In order to ensure that the chain noise of the
CVTS8HT was at an acceptable level, it was deemed
necessary to measure this radiation noise on the
production line. To accomplish that, we set out to

develop the noise measurement method described here.

2. Issues in Radiation Noise Measurement Method

In order to measure the noise radiated from a CVT
accurately, the noise level to be detected must be at
least 6 dB larger than the background noise. The
chain noise to be detected in the frequency region of
1200 Hz or higher was compared with the background
noise from the production line. It was found that the
background noise of the production line was 3 dB
higher than the chain noise (Fig. 1).

In order to measure the chain noise accurately in
this environment, it would be necessary to reduce the
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Theory for removing background noise
[Gauss divergence theorem]
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IsI'dS =W

Fig. 2 Concept of measurement method
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background noise by about 9 dB or to remove the
background noise from the measured radiation noise
results.

| Estimated difference needed to measure chain noisel ‘ ‘

L Background noise + 6 dB:l
o o | | — ~
5,
= Back; d noi
g \& - &T |’%d?‘ acl gr?un noise
o ‘ \J
5
z e
o )I -
©
2 |
o\ |
</ Background noise has to be reduced 9 dB
to measure chain noise.
\ \ \ \
1000 1200 1400 1600 1800 2000
5 dv/div Frequency [Hz]

Fig. 1 Comparison of measured chain noise and
background noise levels

Previously, the usual approach to reducing the
influence of background noise was to build a special
room isolated from the surrounding environment at a
plant. Radiation noise measurements were generally
made in such a room. However, that approach
requires capital investment in equipment and space
for newly constructing such a soundproof room.
Therefore, the first priority was put on developing a
measurement method capable of removing
background noise from the measured radiation noise
results, and a project was undertaken to develop the
necessary technology.

3. Concept of Measurement Method

The fundamental concept of the method is based on
the Gauss divergence theorem. Applying this concept
makes it possible to calculate only the sound power
output from a virtual sphere on which sound intensity
microphones are positioned. Sound power that is
produced outside the virtual sphere and passes through
it can be cancelled out in the calculation (Fig. 2).

The equation for calculating sound power is shown
below.

4. Application to Production Line

4.1. Configuration of measurement system

Using a larger number of microphones is
advantageous for removing background noise, but it
was decided that four microphones were the
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minimum necessary number in this study. That
decision was based on the results of a study that
examined the line layout and measured sound power.
The four microphones are arranged diagonally as
shown in Fig. 3.

Speed signal

Motor

lIntensity Mic.1
ntensity Mic Dynamo

Intensity Mic.2

Chain noise

Intensity Mic.3

Intensity Mic.4

Mic. signal X 4

\4

Analyser

Front end >

Fig. 3 Configuration of measurement system

4.2. Preliminary trial
4.2.1. Confirmation of suitability of measurement
equipment

As this was the first time for JATCO to use sound
intensity microphones and analysis software made by
Bruel & Kjaer (B&K), a preliminary trial was
conducted to confirm the suitability of the equipment.
JATCO's master anechoic test bench, which is not
affected by background noise, was used to eliminate
any influence other than the measurement equipment.
Simultaneous measurements were made using B&K's
measurement equipment and the measurement
devices incorporated in the production line. The data
measured with each measurement system were
analyzed using a separate analyzer and the results
were compared. It was found that both sets of
measured data agreed very well, which confirmed the
validity of the measurement equipment incorporated
in the production line (Fig. 4).

4.2.1. Confirmation of the background noise
reduction effect
The measurement equipment was installed on the



A Method for Measuring Sound Below the Background Noise Level

Current method: 8 dB higher |7

o
O
- 4
-l R AL
= 2 v
L o
2 5 —
g % /-—| New method: No increase
[STR ST (R (S | | Y |
-
=} =}
[e] [e]
n 0N
O o
Not operating Operating*1 Operating*2

10 dB/div

Fig. 5 Sound power level with/without
equipment operation

Status of plant equipment

43.00000000000

HERETA L DT 7AFIVT AT —IZ4 RIS L 721
BElFEEEEAL, A=y hFo—2 /(X
DWEHFH < AT =N FThHLMEBX T (KB
BRL) EEETARE RO T 7 ATV T A — (B
R R THIE L 724G &, g E S B L %55
JHWE T, MBEDOT— DI FFIZREL—HTS
HrfEpt Rz, (Fig. 6)

Frequency
1200 1600 2000
[ 1 : i : T :
In tChain noise levels measured with the line tester and
experimental tester agree well in the high frequency range.

2400

|

)

A : :

£ Zat

> N .

2 : :

~ | | | .
ey . | Product line tester:
§ “ | Experimental tester:
%) i i i D n

800 1000 1200 1400 1600 1800 2000
Chain rotational speed

5 dB/div

Fig. 6 Comparison of measured chain noise levels

5.000

ARG E FEORICLY, BEEOKES
ZRBRBAL T OIS ORI % 1T REL T B F AT 3k
7z.

ZOMMEILL T, WEEEOKREREETALD
TT7AF VT AY —IZBVTCVTSDH Al i e L T
W) Lo F o= /A AOFHI% W fEE 3 5 F
ARz,

Lth, HHETA L THRGTHEERDSL LA LR

1781

production line, and the background noise was
measured and compared when the surrounding
facilities were operating and when they were shut
down. The sound power level was calculated from the
results measured at four points with the sound
intensity microphones. As expected, it was confirmed
that the calculated sound power level was not affected
by the background noise, which was approximately
equivalent to the condition when the surrounding
facilities were operating (Fig. 5).

The sound pressure level was simultaneously
measured with one microphone positioned directly
above the CVT. An examination of the results
indicated that the sound pressure rose markedly
owing to the operation of the surrounding production
facilities.

4.3. Results of application to production line

The radiation noise measurement method
developed in this project was implemented in the final
tester of the production line. The chain noise radiated
from the same CVT was measured using the master
anechoic test bench (no background noise) and at the
final tester (large background noise) while the line
was operating. The results confirmed that both sets of
data agreed very well in the frequency region where
background noise is a problem (Fig. 6).

5. Conclusion

The development of the radiation noise
measurement method described here makes it
possible to evaluate radiation noise in an environment
with large background noise. As an example of its
application, this article described the evaluation of the
chain noise of the CVT8HT, which this method made
possible. Chain noise was a technical issue of this
unit, and the newly developed method was used in the
final tester stage on the production line where there is
large background noise.

In future work, we intend to further develop and
apply this method to noise issues involving orders,
frequencies and other characteristics that differ from
those of chain noise. This will anticipate situations
that arise on the production line concerning noise
issues requiring the control of radiation noise.

In preparation for full-scale use on the production
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Application of Wall Thickness Reduction Technology to CVT Case Casting
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Summary Various new technologies are being
developed and implemented for improving vehicle
fuel economy, which is one of the most critical issues
in the automotive industry. In this regard, reducing
the wall thickness of the thick sections of
casting/forgings can contribute to substantial fuel
economy gains. This article describes the application
of a weight-saving technology for reducing the wall
thickness of the case of the Jatco CVTS, the
company's latest CVT series.
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I - - - Area targeted for wall thickness reduction
Fig. 1 Area of reduced wall thickness of the CVTS case

1. Introduction

This project was undertaken to reduce the wall
thickness of the CVTS case casting. The aims were to
lighten the unit weight and to lower the material cost
by reducing the wall thickness of general thick
sections from the previous dimension of 3.0 mm to
2.3 mm. This would exclude the rib shapes and thick
sections needed to secure the stiffness of the unit.

Figure 1 shows the details of the sections where the
wall thickness was reduced. For the CVTS8, the wall
thickness of the case was set at 2.3 mm, excluding the
sections where thicker walls were needed to secure
the desired stiffness and noise and vibration

performance.

2. Preliminary Study

The most effective way to reduce the wall thickness
of the case casting is to shorten the die fill time of the
molten aluminum material. A study was undertaken
aimed at minimizing the fill time for case, as this was
identified as one of the top priority issues for the
CVTS.

The relationship between the wall thickness of the
casting and the time needed for the molten aluminum
to solidify is shown in Eq. (1) below.
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Comparison of injection speeds for case castings
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Fig. 2 Comparison of injection speeds

Solidification time [msec] = 0.17 X wall thickness
[mm?] X 70% (1)

According to the time calculated with Eq. (1), with
a wall thickness of 2.3 mm for the CVTS8 case, the
molten aluminum would solidify in 62.9 msec after
being poured into the die. In the casting process, the
operation of filling the die with molten aluminum
must be completed before the material solidifies. The
necessary condition for that is:

Fill time =solidification time 2)

For the CVTS8 case, this meant that the molten
aluminum had to fill the die in less than 62.9 msec.
By comparison, the time for the previous case with a
wall thickness of 0.3 mm was 100 msec. In other
words, the solidification time had to be shortened by
at least 37% to facilitate the reduction of the wall
thickness.

To accomplish that, the possibility of increasing the
injection speed of the material into the die was
investigated. The required increase in the injection
speed was calculated from the fill time and the
volume of molten aluminum to be filled in the die.
The results showed a higher injection speed of 5 m/s
was needed. Figure 2 compares the higher injection
speed required for the CVTS8 case due to the reduced
wall thickness with the speed for existing cases
already in mass production. A high injection speed of
5 m/s represents an extremely fast condition for
which we had no previous experience in the mass
production of transmission cases. Accordingly, it was
necessary to confirm the following issues:

@ Is an injection speed of 5 m/s actually possible in
mass production?

@ Impact on the die, such as an increase in die
damage

3. Confirmation of Feasibility

First, this section describes the performance results
confirmed for the die casting machine. Production of
the CVTS8 case was scheduled to be launched
simultaneously in Japan and at Jatco Mexico (JMEX).
Because cases would be cast at both locations, it was
necessary to confirm the material injection
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performance of each plant's die casting machine.
Therefore, the performance of each die casting
machine was examined on the basis of its P-Q2
diagram. The results confirmed are shown in Fig. 3.

Line « indicates the performance of the die casting
machine scheduled to be used in producing cases at
JMEX and Line j3 is for the die casting machine used
in Japan. Line y is determined by the casting
conditions, i.e., the diameter of the injection nozzle
and the cross-sectional area of the die gates. The
points where Line ¢ and Line y intersect and Line /3
and Line y intersect indicate the limit of the injection
speed that is actually possible with each die casting
machine. The results confirmed that the fastest
injection speed achievable with JMEX's die casting
machine was 6.65 m/s, while that of the die casting
machine in Japan was 3.9 m/s. This indicated that an
injection speed of 5.0 m/s was impossible with
JATCO's die casting machine in Japan. The die casting
machine in Japan that was examined in this study was
installed more than 30 years ago. The results revealed
that the desired reduction in wall thickness could not
be achieved with this die casting machine.

Therefore, a new die casting machine was installed
in Japan to support the wall thickness reduction. The
old machine was replaced with one having the same
specifications as JMEX's die casting machine. The
peak injection speed was thus improved to the same
level as that of the machine installed at JMEX.
Moreover, the newly installed die casting machine
allows multi-level control of the injection speed,
instead of just two-level control between low and
high injection speeds.

Next, we will explain the results of a study that
examined potential damage to the die due to the
higher injection speed. When the injection speed is
increased, the gates that force the molten aluminum
inside the die are the parts that are most susceptible to
damage. In the die casting process, the cross-sectional
area of the gates is reduced at high speed to inject the
molten aluminum into the die so as to fill the far
recesses of the cavity.

For that reason, the flow speed of the molten
aluminum increases the most near the gates, which is
why the most severe die wear is said to occur in that
vicinity. The flow rate of the molten aluminum
through the gates is generally referred to as the gate
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velocity. It is necessary to design the gate velocity so
as to avoid misrun defects while at the same time
ensuring die durability ahead of the gates. The gate
velocity can be expressed by the following relational
equation consisting of the injection speed, gate cross-
sectional area and the injection nozzle diameter.

gate velocity [m/s] = injection speed [m/s]/gate cross-
sectional area [m?] X injection nozzle diameter [m?]

3)

The gate velocity calculated with Eq. (3) for the
CVTS case is shown in Fig. 4 in comparison with the
velocities for other transmission cases already in mass
production.

For the CVT8 case, the gate cross-sectional area
was designed as large as possible so as to obtain a
gate velocity comparable to that of other mass-
produced cases.

It should be noted that severe die wear actually
occurs ahead of the gates in the dies used for the
CVTS5 case that has the highest gate velocity, and

considerable time is spent on die maintenance.

4. Results of Confirmation Trial of New Casting
Machine

A mass production trial was conducted using the
newly installed die casting machine. The results
showed that an injection speed of 5 m/s was achieved
as was expected from the theoretical study. However,
a defect called a cold shut that is caused by improper
filling of the molten aluminum was found in a
reduced wall thickness section near the top surface of
the case (Fig. 5).

The cold shut that occurred in the reduced wall
thickness section near the top surface was located
near the gate through which molten aluminum flows
into the die. It was found that molten aluminum filled
the areas farthest from the gate without any problem
at all. Those locations are at the greatest disadvantage
for filling with aluminum and are generally places of
concern for that reason. Therefore, it was decided to
reexamine the flow simulation results in order to
confirm the flow of molten aluminum into those
areas.

Injection generally takes place at a slow speed until
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At a low injection speed, molten aluminum
—+ | enters the reduced wall thickness section.

Fig. 6 Melt flow analysis
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just before the gate, where it is switched to a higher
speed. That is done to minimize pocket defects caused
by the entrainment of air before the molten aluminum
enters the die.

The trial production results confirmed that molten
aluminum began to fill the reduced wall thickness
section near the gate before the switch to high-speed
injection. (Fig. 6).

5. Corrective Measure

It was inferred from the simulation results that the
cold shut occurred when molten aluminum entered
the reduced wall thickness section at low speed and
solidified. The basic measured devised for dealing
with this issue was not to fill the reduced wall
thickness section with molten aluminum at low speed.

First, an attempt was made to quicken the timing
for switching to high speed injection. Casting was
performed under a condition for preventing molten
aluminum from filling the reduced wall thickness
section. The result showed that this measure was
effective against the cold shut in the reduced wall
thickness region, but a pocket defect was discovered
after the case was machined. An investigation into the
nature of the defect revealed that it was a gas pocket.
It was assumed that air was entrained into the molten
aluminum because the timing for switching to high
speed injection was advanced and that caused the gas
pocket to occur.

The multi-level injection speed control function
that was added to the new casting machine when it
was installed was used to solve this issue by revising
the injection speed pattern. Injection was performed
at a slow speed until just before the molten aluminum
reached the reduced wall thickness section ahead of
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the gate. The speed was then increased by adding a
medium speed interval just before the molten
aluminum reached the reduced wall thickness section.
Subsequently, it was then increased to the specified
injection speed of 5 m/s.

Switching from the previous two-speed control of
low and high injection speeds to three-speed control
with low, medium and high injection speeds was
intended to satisfy two conditions. One was to prevent
air entrainment and the other was to raise the injection
speed sufficiently for the molten aluminum to pass
the reduced wall thickness section. The injection
speed control procedure is diagrammed in Fig. 7.

This measure eliminated the cold shut in the
reduced wall thickness section ahead of the gate while
at the same time ensuring satisfactory casting quality
in that section. Currently, the same level of casting
quality is obtained as for the JFO11E case for which
the wall thickness has not been reduced.

Filling completed
High speed <]

=
O 5
[P
%‘ After improvement:
g Addition of medium speed interval
=
[S]
2 \
RS

Low speed " I

0 Vadl )l
--------------------- e Injection position

i Initial condition :

Fig. 7 Diagram of injection speed control

6. Conclusions

(1) A method of casting thinner CVT case walls of
2.3 mm in thickness was developed that is suitable
to mass production.

(2) Material is often injected at slow speed ahead of a
gate, but when a reduced wall thickness section is
located nearby, it is apt to result in appearance
defects such as a misrun.

(3) As a means of preventing such defects, the fill
speed is controlled at the time the molten
aluminum passes such a reduced wall thickness
section. Specifically, it is effective to use multi-
level injection speed control for that purpose.
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7. Future Tasks

The method developed in this study is designed to
facilitate a shorter solidification time of molten
aluminum in connection with the reduction of the
case wall thickness. Adopting a method for
shortening the molten aluminum fill time made it
possible to reduce the wall thickness of mass-
produced CVT cases. To do that, it was necessary to
invest in a new die casting machine, as the
performance of the previous machine was
insufficient. The current performance level of the die
casting machine poses a formidable technical hurdle
for increasing the injection speed further above the
present speed. There is a good possibility that a
simple extension of the method described here will
not enable a further reduction of the case wall
thickness. In that event, the capital investment needed
to improve the die casting machine again may cancel
out any material cost saving obtained by reducing the
case wall thickness.

Therefore, we intend to devise and develop an
inexpensive technology for extending the molten
aluminum solidification time. Such technology will
be needed to hold down the capital investment in die
casting facilities while enabling the production of
new cases for which the wall thickness must be

reduced further.

Masashi OKUDA
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Development of the New J-SSF Method
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Surface

Summary The Jatco Special Surface Finish (J-SSF)
method was developed to facilitate the adoption of a
chain as the drive torque transmission mechanism of
the Jatco CVT8 High Torque (CVT8HT) model. This
article describes the J-SSF method, which is
indispensable to the CVT8HT.
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1. Introduction

The development concept defined for the CVT8HT
was to improve fuel economy further and to be
applicable even to 3.5L-class high-torque vehicles. It
was decided to adopt a chain as the drive torque
transmission mechanism, representing the essential
technology for achieving both improved fuel
economy and high-torque capacity.

In connection with the adoption of a chain, we
newly developed the Jatco Special Surface Finish (J-
SSF) method to overcome various related issues. This
article explains the development process of the J-SSF
method and outlines the major features of this
technology.

Sheave face

Fig. 1 Pulley and chain assembly

L=y AT
Unit Process Engineering Department

= B AT R
Parts Process Engineering Department
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| Friction coefficient |
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Fluid groove depth for avoiding formation of
excessive fluid film thickness
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Fig. 2 Geometry of sheave face grooves
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Fig. 3 Control range for sheave surface roughness
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2. Motivation for Developing J-SSF Method

With the steel belt used for our existing CVTs,
there are grooves at the contact surface (flank face)
with the pulley sheave face (Fig. 1). Such grooves do
not exist in the case of the chain adopted for the
CVT8HT. For that reason, it was necessary to provide
grooves in the sheave face as shown in Fig. 2.

The sheave face requires the following two
properties.

@ Friction coefficient

@ Anti-wear performance

In conjunction with the adoption of a chain, the
following parameters had to be controlled to ensure
the desired torque capacity, durability and reliability.

Friction coefficient: Control of the sheave surface
roughness (parameter A) to secure the desired fluid
film thickness and prevent the formation of an
excessively thick fluid film.

Anti-wear performance: Control of the sheave
surface roughness (parameter B) in the contact area to
prevent excessive wear.

The J-SSF method was developed as a surface
finishing technique for satisfying the required values
of parameters A and B in order to ensure both the
friction and anti-wear properties needed.

3. J-SSF Control Range for Surface Roughness

The range of parameters A and B required for the
sheave face is diagrammed in Fig. 3. The figure
shows the region in which surface roughness must be
controlled to satisfy the performance required of the
CVTS8HT, based on the results of tests conducted by
the R&D division and other data.

The production engineering division was charged
with the task of developing the technology to
facilitate mass production of pulley sheaves having
surface properties within the indicated control range.

4. Overview of J-SSF Process

A film lapping process was applied to develop a
technique for forming tiny grooves in the sheave face
in order to satisfy the surface roughness specification
mentioned in the preceding section. Figure 4 outlines
the newly developed J-SSF process.
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Current Film lapping
1 operation
Heat Hard s Microshot
treatment turning Grinding peening - -
Film lapping
— — 3 operations
J-SSF

Same as current CVT

< Purpose of each operation >

Operation 1: To stabilize surface roughness variation that occurs in the
upstream microshot peening process

Operation 2: To form grooves for collecting fluid (ensuring parameter A)

Operation 3: To smooth the sheave surface face (ensuring parameter B)

Fig. 4 Overview of J-SSF process

5. Optimal Machining Conditions and Results
Obtained

The optimal machining conditions were determined
from the results of machining tests. The sheave
surface roughness data obtained in each machining
operation confirmed that the process advanced to the
target as intended (Fig. 5).

It was found that the finish machining time was the
parameter that had the greatest effect on the resultant
surface roughness. It was also found that an
oscillating motion contributed to stabilizing the
sheave surface roughness.

6. Machining Results for CVT8HT Pulleys

CVT8HT pulleys were then actually machined
according to the optimal machining conditions
derived in the preceding section (Fig. 6).

Unfortunately, it was found that the process did
not have sufficient capacity to achieve the desired
surface roughness. However, it was verified that the
level obtained would facilitate mass production on the
assumption that all pulleys would be inspected.

Continuous machining results

Parameter B

Parameter A
Fig. 6 Machining results for surface roughness of
CVTS pulley sheave face
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7. Conclusion

The CVT8 series was developed with specific
emphasis put on fuel economy and driving
performance. Our production engineering capabilities
made it possible to achieve the rigorous demands of
the R&D division at a level suitable for mass
production. JATCO's production engineering
strengths were fully utilized in the development of the
J-SSF method and contributed substantially to the
completion of the CVTS series at a higher level of
perfection for release in the marketplace.

Hiroshi TOYOMORI
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CVT8 Launching in overseas

Carcia Luis Ricardo®

Serafio Jose Luis”

Summary In Jatco, there used to be: "All new projects launched in Japan first"--- But not anymore, lately this has
changed. Globalization and market demands, have lead its mind and try new challenges. In JATCO Mexico, S.A. de
C.V. (JMEX), we just had one of our biggest challenges so far, the launching of Jatco CVTS for 2.5L class vehicles,
the first time a project is launched outside Japan. This article refers to the problems JMEX manufacturing group had
to overcome and the strategy that followed to achieve the launching of the CVTS.

1. Preparation of Modification

Given that until that time this was one of the
biggest challenges JMEX had to deal with, a group of
young engineers were dispatched to Japan to work
during all the stages of the manufacturing preparation
process: J-GPEC (Jatco Global Production
Engineering Center) confirmation, modification
estimations, machine's specifications making, R&D
discussions, machines Tachiai, and machinery
shipping. They participated in the project
development for over a year, until all machines were
in transit to Mexico.

This group consisted of Mexican engineers with
high motivation and high skills from Casting, Gear
Machining, Pulley Machining, Case Machining, Heat
Treatment, and Assembly divisions.

This activity helped JMEX to understand in depth
the line concept, as well as to prepare more

‘ JMEX Preparation Concept ‘

Production Trial aims the same QCT level than SOP

Original
Plan

© Production  FIVPLETE
“Trial TRANIG

U o

i

Engineering
Trial

]

Set Up

MACHIE VALDATION
ADISTMENT MACHIE
Privsosetly TRASENG

._ FIHAL
FCONFRMATION
% S /

100%

QURFCW CONCEPT FOR PRODUCTION
JMEX
Engineering Trial

722

Production
Trial = SOP

J=~_ | cvT8Plan
sop

JMEX Concept

jineering Trial = Production Trial
Production Trial = SOP

S0P Engi

SOP Pans

CVT8 Strategy to Implement
Front Load Confirmation

proactively the line modifications, by taking the front
load and discussing the issues directly with the R&D
group and machine manufacturers.

*JATCO Mexico, S.A.de C. V.
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2. Production Simul Training, J-GPEC, and
Maintenance Collaboration

Engineering group was not the only one working
on the modification; also Production members were
dispatched to Japan, having several purposes:

- Understand the new features of the CVT8 model.

- Impact the machine specifications with their point

of view.

- Feedback to R&D with their experience to find

out difficult assembly points.

- Training in the first Vehicle confirmation

assembly to become a trainer in JMEX.

Furthermore, Maintenance members also went to
JTC to collaborate in the machines preparation,
providing their assistance in the Tachiai
confirmations and overhaul of several equipments;
mainly for Control Valve machining, which was a
completely new area for JMEX.

3. 5 Weeks Modification Challenge and Resume
Operation

Besides the challenge of launching the first product
overseas, JMEX had an additional challenge: to reduce
the modification time from a period of 3 months to a
period of 5 weeks, in order to assure the production
volume was delivered in the customer's facilities on time.

To reach this period, it was required to increase
working time to 24 hours shifts during most of the
modification weeks, and increase supplier's manpower. A
lot of issues came out among engineering divisions, but
all of them had a proper countermeasure. Additional to
the new models installations, several chronic problems
were solved applying countermeasures, taking advantage

1941

of the supplier's manpower and from maintenance's
support.

Quality confirmations were made in the second shift,
and machine modifications and adjustments were done
during the 24 hours. A high enthusiasm was felt among
all group, because of the excitement of the new model,
CVT8 and the 5 weeks challenge.

Additional to this, a special front-loading concept was
established in JMEX, from the Executive Committee to
the workers in the line, the concept of Engineering Trial
= Production Trial, and Production Trial = SOP was
strongly laid. This helped JMEX to reach its goals faster
and with a more proactive attitude.

All these activities, training, front loading, and tackling
challenges, allowed JMEX to reach a very important time
reduction in the project standard timeline. In previous
experiences and from basic concepts, 13 months were
needed from the training and preparation of modification
to the SOP. In JMEX, with the CVT8 model, we took
only 9 months to complete the whole process.

5's was given a special focus during the modification
term, through special daily patrols to confirm the working
conditions and ensure safety of all Jatco members and
supplier's.

Finally, the KPI's were considered very carefully, with
daily follow up by manufacturing managers, helping to
all members to look each detail thoroughly.

As the base of JIMEX modification and resume
operation, 6 pillars were taken into account:

- CPCM

- Cross Check

-5's

- Quality Maintenance

- Cp, Cpk

- Layout inspection
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4. Production Training

More over, Production also had a big challenge,
train all workers in the new models; because of the
importance this project represented a new concept
was established in JIMEX: "Mini-line".

Within this new concept of Mini-Line, an area was
arranged as a simulation of the actual process in the
assembly line, and it was used to train old and new
operators on the new CVT8 for 2.5L, CVTS for 3.5L,
and CVT7 models.

1951

5. Big Quality & Productivity Issues after SOP

Nevertheless, no modification is perfect, and
several quality issues were found after the SOP.

For instance, Heat Treatment jigs caused low
hardness in the pulley slides sheave, several
dimensions were found out of specification in Control
Valve machining and Pulley machining, and design
notes were not applied properly in Pulley Machining.
While in Assembly division, 2 big issues were
detected: Snap Ring of Reverse Brake was found with
burr and in an opposite direction, due to a validation
mistake for the installation. And with the
modification of one Revolution Sensor tightening,
some interlocks were not validated properly,
triggering the issue of having to send some units with
missing torque to the customer.

Regarding productivity, in Assembly line, we had a
huge lesson learned during Engineering Trials and
Production Trials, the Cycle Time of all operations
were not properly validated, affecting directly the
JPH, for that reason it was necessary a big additional
effort from all manufacturing department to achieve
the targets in the shortest term possible.

Despite all, these problems were not seen as a
failure, but as a huge learning experience for JIMEX.
And all these knowledge will be transferred and
applied to every new project that JMEX will face
from now on.
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6. General Summary

Of course we found many problems during the
modification and after it, several critical delays
appeared caused by several variables, but the gained
experience during the CVTS project will help IMEX
to push forward in the future projects, always with the
"challenge" and "front loading" attitude.

The show is not over for JMEX, from now on we
have huge projects that will represent high income for
Jatco and a big challenge to JMEX's future. And, let
me tell you something*-* bring them on!

B Authors N

-\

Carcia Luis Ricardo Serafio Jose Luis
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Introducing the JF414E 4-Speed AT for Front-drive Cars
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Fig. 1 Main cross-sectional view

The JF414E 4-speed AT for front-drive cars was
adopted on the Nissan March for the Chinese market
in August 2010. Its application has since been
expanded to other models marketed in emerging
economies and in North America. Sales of the JF414E
to the Russian automaker AvtoVAZ were launched in
2012 for use on its new Lada Granta model that was
released in Russia in September 2012. The JF414E
achieves an optimal cost, compact and lightweight
package, and ample functionality, durability and
reliability to satisfy customers' performance
requirements. It enjoys an excellent market reputation.

Table 1 Specifications of JF414E

Torque capacity 150 Nm
Control system Electronic
Torque converter size 205mm 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,D2,1)
Overall length 344,2 mm
Coner g sennsine |2
Weight (wet) 63 kg

B Typical model fitted with the JF414E AT H

New Lada Granta



oogno

JooooouodoOorFOOCVTO Jatco CVT7O O O

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

Developed in a Renault-Nissan Alliance project,
the Jatco CVT7 is mounted on the new SM3 compact
sedan, a C-segment model that Renault Samsung
Motors Co., Ltd. released in September 2012. The
Jatco CVT7 achieves the world's widest ratio
coverage, thanks to its architecture that features an
auxiliary transmission. It incorporates Adaptive Shift
Control (ASC) to deliver quick start-off response and
smooth acceleration performance. Furthermore, its
smaller, lighter package and reduced fluid churning
loss contribute significantly to the SM3's class-
leading fuel economy among C-segment vehicles in
the Korean market. Its performance has earned high
praise from customers in Korea.

Table 1 Specifications of Jatco CVT7

Torque capacity 150 Nm

Electronic
UUF 205 mm dia.
Low: 2.2 High: 0.55

Control system

Torque converter size

Pulley ratios

Ratio coverage 7.3

Final gear ratio 3.882

No. of selector positions | 5

Overall length 323.3 mm
Weight (wet) 67.5 kg

B Typical model fitted with the Jatco CVT7 Il

New SM3

1981
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Introducing the Jatco CVT7 for Front-drive Cars
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Fig. 1 Main cross-sectional view

The Jatco CVT7 was adopted on the Palette
minivehicle released by Suzuki Motor Corporation in
September 2009. It has since been adopted on other
Suzuki minivehicles such as the Wagon R and Lapin
and also on a succession of Suzuki small cars,
including the Swift and Solio. In conjunction with the
release of the new Wagon R and Wagon R Stingray in
September 2012, measures were taken to improve the
fuel economy obtained with this CVT. Those
improvements contribute to the enhanced fuel
economy of these new Suzuki models. One notable
feature that is particularly popular among customers
is the adoption of a new idling stop control function
that shuts off the engine during deceleration before
the vehicle comes to a stop.

Table 1 Specifications of Jatco CVT7

Torque capacity 100 Nm

Control system Electronic

Torque converter size UUF 185 mm dia.

Pulley ratios Low: 2.2 High: 0.55

Ratio coverage 7.3

Final gear ratio 4.572

No. of selector positions | 5

Overall length 313.3 mm

Weight (wet) 64 kg

B Typical models fitted with the Jatco CVT7 Il

New Wagon R
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New Wagon R Stingray
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Fig. 1 Main cross-sectional view

The Jatco CVT7, featuring an auxiliary
transmission, is mounted on the Mitsubishi Mirage,
one of the automaker's global strategy models. This
vehicle model was released in Thailand in March
2012 and in Japan in August 2012. The Jatco CVT7
helps the Mirage attain a fuel economy figure of 27.2
km/l under Japan's JCO8 fuel economy test mode.
That is the highest fuel economy among registered
gasoline engine models in Japan and is due in part to
the effect of the idling stop function incorporated in
this CVT. As a result, the Mirage qualifies for a tax
reduction/exemption, which has contributed to its
brisk sales. Besides excellent fuel economy, the Jatco
CVTT7 also provides improved shift response, thereby
reconciling fuel efficiency with driving performance.
That has helped to improve customer satisfaction with
the car significantly. Following the launches in
Thailand and Japan, Mitsubishi plans to release the
Mirage successively in other markets worldwide as a
global strategy model.

Table 1 Specifications of Jatco CVT7
Torque capacity 100 Nm

Electronic
UUF 205 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 | 6

Overall length 343 mm
366 mm (with Automated Sequential Gearbox)

Weight (wet) 68 kg
69 kg (with Automated Sequential Gearbox)

B Typical model fitted with the Jatco CVT7
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Fig. 1 Main cross-sectional view

The JFO10E-N CVT is mounted on the Infiniti
JX35 that Nissan Motor Co., Ltd. released in
December 2012. This is the Infiniti brand's first front-
drive car to be fitted with a CVT. An I-Drive switch
is provided on the center console for selecting the
drive mode from among four choices: Normal, Sport,
Eco and Snow. According to the mode selected,
Adaptive Shift Control (ASC) shifts to the optimum
ratio matching the driver's driving style and the
driving conditions. High-speed sporty driving is
possible especially in the Sport mode.

Table 1 Specifications of JFO10E

Torque capacity 350 Nm
Control system Electronic
Torque converter size 250 mm dia.
Gear ratios Pulley ratio 2.371~0.439
Final gear ratio 4.878~6.327
No. of selector positions 6

Overall length 389.1 mm
Weight (dry) 102.5 kg

B Typical models fitted with the JFO1I0E CVT Hl

Infiniti JX35
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1. Tokuri Sakazuki QC Circle advances to All-Japan

Invitational Conference

The Kinki regional QC circle invitational
conference was held on July 14, 2011. The Tokuri
Sakazuki QC Circle, consisting of maintenance
personnel from the Yagi and Kyoto plant production
engineering sections, gave an impressive presentation
on the theme of "One for All, All for One — Skilled
Employees Group Realizes the Importance of
Teamwork." They were admirably selected as a
delegation to the national conference.

The All-Japan Invitational Conference is the
pinnacle QC circle event to which only 18 QC circle
teams that have won at local and regional qualifying
conferences can advance. Participating teams
compete over the results attained in QC activities
conducted over a period of 2-5 years with respect to
employee development, energizing workplaces, QCD
(quality, cost, delivery) improvements and other
aspects.

The Sideburns QC Circle from Yagi plant's
Production Section No. 1 was JATCO's first
participant in the national conference in the previous
fiscal year and won a gold medal. With this latest
success, JATCO has now sent a QC circle team to the
all-Japan conference two years in a row.

2. Student Formula Japan

The 9th Student Formula SAE Competition of
Japan, sponsored by the Society of Automotive
Engineers of Japan, was held over a five-day period
from Monday-Friday, September 5-9, 2011 at the
Ogasayama Sports Park (ECOPA) in Shizuoka
prefecture. Jointly supported by government, industry
and academia, this competition contests overall
manufacturing capabilities and is one of the projects
undertaken to cultivate human resources capable of
contributing to the advancement of automotive
engineering and industry in general. The Society of
Automotive Engineers in the U.S. has been
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conducting Formula SAE® since 1981, and similar
competitions are now held annually in 12 countries
around the world. Student Formula Japan has been
held every year since 2003.

This year's event recorded the largest number of
entries ever with 87 teams participating, 73 of which
were from schools in Japan and 14 from schools
overseas. Intense competition for the championship
unfolded among the 75 teams that cleared the
documentation screening. Some 130 companies,
notably domestic automakers, were sponsors of this
event. JATCO also provided support as one of the
sponsors, and three employees cooperated by serving
as judges.

3. Family Day Open House

The families of employees in the Fuji Area were
invited to a Family Day Open House held on Sunday,
September 25, 2011. The impetus for starting this
event was an opinion voiced by one of the employees
that it would provide a good chance for children to
see their fathers or mothers at work during plant
operations on Saturday or Sunday. Moved by that
opinion, many employees cooperated in making it a
reality. One child who came to the Open House
commented that she realized the task of making one
transmission is accomplished through the collective
efforts of many people working together on both
hardware and software aspects. A boy said that he
wanted to do his best after seeing how people at his
father's company were all striving to do such good
work. These and other comments indicated that the
Open House was an extremely valuable day.
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4. Kids Engineers in Ishinomaki

Kids Engineers is a hands-on event for children
sponsored by the Society of Automotive Engineers of
Japan to foster an interest in manufacturing and
various fields of science and technology, focusing on
automobiles. Following Kids Engineers 2011 that was
held at the INTEX Osaka International Exhibition
Center in August, a classroom-style program called
Kids Engineers in Ishinomaki was also conducted at
the Kaihoku Municipal Elementary School in
Ishinomaki, Miyagi on Wednesday, October 26, 2011.

Ishinomaki is located in an area devastated by the
massive tsunami triggered by the Great East Japan
Earthquake that occurred in the Pacific off the
northeastern coast on March 11, 2011. Companies
have been dispatching personnel to conduct
classroom-style programs for children at local
elementary schools in the city. Five companies —
Nissan Motor Co., Ltd., Toyota Motor Corp.,
Mitsubishi Motors Corp., Yamaha Motor Co., Ltd.
and JATCO —participated in this event. One program
continued for 55 minutes and was conducted four
times. A total of 37 "future engineers" had an

opportunity to experience first-hand the joys of
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science and manufacturing.

JATCO's program was entitled: "What is a
planetary gearset?" The event organizers were
initially concerned that this subject might be too
difficult for children to understand. However, young
JATCO employees, fervently desiring to deliver
dreams of hope to the devastated area, gained the
children's trust by using well designed teaching
materials that the children could easily relate to. That
resulted in an exceptional feeling of unity in the
classroom. While the scars of the disaster still remain
everywhere in Ishinomaki, it is hoped that engineers
capable of overcoming numerous adversities and
supporting Japan in the future might emerge from
among the children, inspired by this Kids Engineers
program.

5. Aguascalientes Sate Governor Carlos Lozano visits
JATCO

Carlos Lozano, governor of the Mexican state of
Aguascalientes, visited JATCO's head office on
October 27, 2011. This was Governor Lozano's
second visit to JATCO, following his first visit in
October 2010 soon after he was elected state
governor. In addition to Governor Lozano, the dean
of the Autonomous University of Aguascalientes and
six other related persons were welcomed by JATCO
President Takashi Hata and other company
executives.

In the subsequent meeting with President Hata and
the executives, Governor Lozano explained his state's
plans regarding electricity, gas, transportation and
other infrastructure elements vital to the automotive
industry. He also indicated that the state government
intended to support the creation of suitable university
programs in response to requests from automotive
industry-related companies. He pledged support for
the further development of JATCO Mexico S.A. de
C.V. (JMEX) in this regard.

Governor Lozano also noted that he wanted to
invite more supplier companies to locate in the state

of Aguascalientes.
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6. Opening of Global Satellite Office

JATCO opened a Global Satellite Office (GSO) in
Shin-Yokohama on Friday, November 18, 2011. This
GSO was opened as an office that all JATCO
employees can readily use regardless of their
department. The aim behind the GSO is to establish an
advanced base for easy access to the expanding
volumes of information in the Tokyo metropolitan area,
in order to promote and execute JATCQO's business
efficiently, which rapidly becoming more global in
scope. It is expected that the volume of internal
communication and the volume of external information
will increase dramatically in the coming years.

7. Donation to Thailand

JATCO (Thailand) Co., Ltd. (JTL) donated
100,000 Thai bahts (about 250,000 yen) to the King
of Thailand Foundation on November 17, 2011 in
response to the flooding that occurred in the central
part of Thailand beginning in early October. JTL is
steadily moving ahead with the work of launching the
CVT production project, firmly convinced that it will

contribute to Thailand's recovery.

8. Cornerstone laying ceremony at JTL

A cornerstone laying ceremony was held on
December 19, 2011 at JATCO (Thailand) Co., Ltd.
(JTL), the company's manufacturing subsidiary in
Thailand. JTL is JATCO's third overseas production
center after the plants in Mexico and China and is set
to become Thailand's first CVT manufacturer.
Production is scheduled to begin in the second half of
2013 with an annual production capacity of
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approximately 500,000 units. The workforce at the
time production is launched will be 500 employees,
but it is planned to expand that number to some 1,300
employees by the middle of fiscal 2014.

9. Joint press tour

JATCO and Nissan Motor Co., Ltd. held a joint
JATCO Press Tour on March 6, 2012, to which
around 100 members of the mass media were invited,
including journalists, automotive industry
commentators, magazine editors and others. JATCO
President Takashi Hata gave a presentation on
JATCO's plans for further global expansion.
Executive Vice President Yo Usuba explained
JATCO's product lineup, especially the new Jatco
CVTS8 series, and the company's technical
capabilities. Executive Vice President Seiji Honda
talked about the challenges facing JATCO and
business continuity management. A tour of the CVT7
production line in Fuji Area No. 1 was conducted,
which served as the unveiling of JATCO's Attractive

Plant project. All of the press visitors expressed deep

interest in the CVT production line during the tour.

10. Contract signing ceremony for AT supply to
AvtoVAZ

JATCO and AvtoVAZ" held a contract signing
ceremony on April 9, 2012 for AT supply to the
Russian automaker. JATCO began shipping its
JF414E 4-speed AT for small front-drive cars to
AvtoVAZ in June 2012. This AT is fitted on
AvtoVAZ's new Lada Granta, which was released in
the Russian market in August 2012 and is AvtoVAZ's
first AT-equipped model. Approximately 80,000 AT
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units are to be supplied annually. In this connection,
in June 2012, JATCO opened a sales office for the
supply of ATs in Togliatti where AvtoVAZ's
headquarters is located.

“AvtoVAZ is Russia's largest automaker, established in 1966.

Headquartered in Togliatti, Samara Region, AvtoVAZ
produced some 560,000 vehicles in 2011.

11. Cumulative production of JF405E reaches five
million units

A commemorative ceremony was held at the
Kakegawa plant on March 19, 2012 to celebrate
cumulative production of the five millionth unit of the
JF414E AT. The JF405E was created in 1998, at the
time of the former JATCO Corporation, as the world's
first electronically controlled 4-speed AT for use on
minivehicles. From the time production was launched,
the production volume has been increased again and
again, coupled with the brisk sales of the Suzuki R
Wagon. In subsequent years, this AT was adopted by
an increasing number of automakers, including GM
Korea, Hyundai and others, in addition to Suzuki.
That popularity supported production operations at
the Kakegawa plant over a long period of 13 years,
and the JF405E even became synonymous with the
plant itself. This is JATCO's third stepped AT model
to reach cumulative production of five million units
after the FO3A and FO4A.
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12. Cumulative production of JFO11E in Fuji Area
No. 2 reaches three million units

Cumulative production of the JFO11E in Fuji Area
No. 2 reached three million units at a record-setting
pace. Following the start of production in March
2004, the one millionth unit was reached in 49
months, the two millionth unit in 76 months and the
three millionth unit in 98 months. The cumulative
production volume continued to increase at an
accelerating pace. The global production volume of
this unit now exceeds eight million units.

13. JATCO participates in Kids Engineers 2012

JATCO took part in Kids Engineers 2012, which
was organized by the Society of Automotive
Engineers of Japan at Pacifico Yokohama (Exhibition
Hall D) on Friday-Saturday, August 3-4, 2012. Partly
because it was such fine weather for an outing during
the summer vacation, families waiting to get in
formed a long line in front of the entrance.

JATCO's program focused on the theme: "What is
a planetary gearset?" It was designed to give children
a basic understanding of the mechanism of a
planetary gearset by having them disassemble,
assemble and replace the gears of life-size models.
While there was some concern that the content might
be too difficult for children, they understood and
remembered the parts with astonishing speed. In no
time they were able to say, "This is a sun gear and
that's a ring gear." It is hoped that engineers will

emerge from among them in the future.
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A speed change control device for an automatic
transmission according to this invention determines
whether or not a request to downshift a gear position of
the transmission exists during traveling in a manual
speed change mode, and calculates an input shaft
rotation speed of the transmission following a
downshift based on the downshift request. When it is
determined that the calculated rotation speed is higher
than a rotation speed limit value, the speed change
control device performs a downshift to a gear position
at which the input shaft rotation speed of the
transmission is lower than the calculated rotation speed.

A situation in which the input shaft rotation speed
of the transmission reaches an auto upshift rotation
speed such that an upshift is performed immediately
after the downshift can be prevented. As a result, the
sense of discomfort felt by a driver due to rapid
changes in the gear position can be prevented.
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[SUMMARY OF THE INVENTION]

The transmission controller performs a non-
coordinated shift, in which the gear position of the
subtransmission mechanism is modified from the
second gear position to the first gear position at a
higher speed than when the gear position of the
subtransmission mechanism is modified by a
coordinated shift while permitting a deviation
between the through speed ratio and the target
through speed ratio, instead of the coordinated shift
when it is determined that the second speed kick
down shift is to be performed.

When a second speed kick down shift accompanied
by a 2-1 shift in the subtransmission mechanism is
performed, the non-coordinated shift is performed
instead of the coordinated shift, and therefore the
through speed ratio of the transmission can be varied to
the large speed ratio side quickly, enabling rapid driving

force increase and an improvement in shift feeling.
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