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Koichi IKEDA

The year 2002, marking publication of the third issue
of the JATCO Technical Review, has become a
momentous one for us with the announcement of the
integration of our transmission business with the
AT/CVT division of Mitsubishi Motors Corporation.
This was one of the possibilities envisioned at the time
JATCO Corporation and TransTechnology Ltd. merged
in 1999, and it has now become a reality in a short span
of just three years. We are pleased that it shows we are
on the right track and can only marvel at the rapid pace
of change in society today.

The day has passed when we could take pride in the
appeal of our product lineup simply because it included
ATs and CVTs. There are increasingly stronger
demands today for a lineup of products that perfectly
match each of many different models offered by the
automakers. That requires ever more immense
investments in AT/CVT development and production,
and it is no longer possible for any one company alone
to maintain that level of investment. The present trend
toward the integration of vehicle platforms transcending
individual automakers will continue for some time to
come. As a component manufacturer specializing in
ATs and CVTs, it is essential for us to develop basic
units capable of being adapted to multiple vehicle
models in order to meet the needs of our automaker
customers. Our mission is to provide such units at
quality levels surpassing even those of the automakers
themselves and also at prices equal to mass-produced
products.

To achieve high mass production quality and low
prices, all operations throughout our company are
managed in accordance with the QS9000 Quality
Management System featured in the second issue of the
Review. Under this system, we have made it a unique
trait of our company over the years to build in the
highest level of quality without any oversights based on
functional deployment in the development process.
Moreover, to make sure that same level of outstanding
guality extends to production, including our parts
suppliers, we have put in place a comprehensive quality
assurance system backed by excellent process
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capabilities. Building in high quality without any
omissions essentially boils down to a condition of no
waste or inefficiency, making it possible to achieve an
optimum balance of quality and cost. As testimony to
our professionalism, all employees throughout the
company continue these quality assurance activities to
the point where they become second nature.

Another attribute expected of AT and CVT
technologies is that they enable vehicles to display their
charm and qualities as a product. While the conventional
role of ATs and CVTs as the units responsible for
transferring power has not changed, customers are
continually demanding ever-higher levels of comfort.
And fuel economy is also changing from a taken-for-
granted quality to one that differentiates products. In this
regard, JATCO has a unique strength not possessed by
other rival domestic or overseas component
manufacturers in that our parent company is an
automaker. This enables us to anticipate the needs of
ordinary customers and vehicle manufacturers and to
embody solutions in our products within today's shorter
cycles for vehicle development, thus providing an
avenue for us to contribute to the creation of vehicles
that sell well in the marketplace.

At JATCO, we have led other companies in bringing
out products incorporating cutting-edge technologies.
Full-range electronically controlled ATs, 5-speed ATs
for rear-wheel-drive cars, CVTs with high torque
capacity and toroidal CVTs are just a few examples. All
of these products were original concepts that did not
imitate anything on the market at the time they were
released. While it is often said that "necessity is the
mother of invention,” needs themselves exist universally.
That being the case, what made it possible to create and
nurture these cutting-edge technologies? | believe the
answer lies in the passion of each and every engineer;
that is, a desire to test and challenge oneself by doing
something no one else has ever done or a desire to
astonish and excite the world through one's success.
These dreams and hopes of every engineer are what are
translated into products embodying cutting-edge
technologies.

Ever more radical changes will be demanded of ATs
and CVTs in the coming years. Our aim to create
advanced products and nurture them into the company's
mainstay products in the next era. We possess the
technologies for accomplishing that and a corporate
culture that treasures such dreams and aspirations, as
well as the skills for working in concert to take new
ideas to the stage of mass production. Today and in the
years ahead, we want JATCO to continue to support the
development of the automobile-based society through
the provision of advanced AT/CVT technologies.
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The Auto Industry Future:

A New Business Model and New Powertrain Technology

Dr. David E. Cole*

The world's automotive industry is in the midst of a
very turbulent and challenging period. Certainly, this is
the case in North America. The industry is undergoing
fundamental change in all facets of the business with
internal restructuring, mergers, acquisitions, alliances,
and, in general, a significant alteration in the business
model. Pressures on the industry today are almost
overwhelming with ever-increasing consumer
expectations, challenging government regulations,
intensifying competition, and an explosion in new
knowledge, including (of course) technology.

The industry is highly unstable and certainly not in its
final form. The old business model is broken and must
be repaired in a manner that fundamentally redefines
how business in this industry will function in the future.
This notion is certainly amplified by profitability trends
that have shown declining profits for both manufacturers
and suppliers, even as automotive sales volumes have
remained high. Still, if we look ahead to the auto
industry of five to six years in the future, I believe we
will see a solid collection of successful manufacturers
and suppliers. The market will be strong with a wide
array of great products and happy customers, but not
everyone will be there. Only the strong will survive.

We must keep in mind that this industry is an
extremely important factor in the economies of the
developed world, and, of course, an increasingly
significant factor in the developing world as well. In the
United States, there are more than 1.8 million jobs
directly supported by the automotive industry with more
than 75 percent of those in the supplier community.

* President, Center for Automotive Research (CAR)
and a Management Partner, Altarum Institute

R&D expenditures by this industry are over $18 million
annually, which is greater than any other single
industrial sector in the U.S. economy. The economic
contribution of the average automotive job was $137,000
in 1998, well over twice that of the average job in our
economy. Furthermore, the economic multiplier for a
job with an automotive manufacturer today is 7.6. That
is, there are 6.6 jobs elsewhere in the economy for every
job in an auto manufacturer's facility. This is an
important industry, and it will continue to be a
significant industry even as it goes through major
restructuring.

Despite the challenges of the past few years, we see
evidence of positive things happening in this industry,
many of them prompted by the incredible competition of
the past few years. It is a much smarter industry. We
have witnessed massive automotive platform and
component set rationalization. The product development
process is faster and better. Manufacturing flexibility is
improving significantly. Processes are far stronger-
whether we are considering marketing, training, or
product development; and there is much greater
discipline to follow these processes. Supplier
competence has also improved dramatically, although
there are still many questions in this part of industry.
Our office recently conducted a survey of lower tier
suppliers and found that their information technology
(IT) competence is still not what it needs to be to
facilitate a move to the new business model over the next
several years. Finally, today, it is "lean" everything. We
have seen dramatic improvements in productivity as the
principles of "lean™ are propagated throughout the
industry.

As noted earlier, the business model of the industry is
broken, and there is no owner's manual or road map to
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lead us to the new business model. Let us consider some
key words that help frame the old model. We can then
begin to see the contrast with the new model that is
emerging. The old model has been historically slow,
with much paper, vertical integration and bureaucracy.
It is focused on talking and is linear or sequential. We
have worked very hard to make it lean. It is highly
legalistic in terms of relationships. It focuses on the
individual. It is often very regional and highly
structured. Acquisitions are important, and the
leadership often act like kings. It is a job for life; it is
competition; it is the use of physical prototypes; and it is
slow.

The emerging new business model is very different; it
is virtual integration versus vertical integration. It is
paperless. It is antibureaucratic, with more listening than
talking. It is real-time collaboration using virtual
prototypes, and it is lean-agile, not just lean. Flexibility
is a central feature of the new business model. It is the
team rather than the individual. The new business model
is globally integrated. Trust is required, and alliances
are often favored over acquisitions. The leadership
resembles coaches. In fact, the "Big Three" leadership
today all demonstrate coach management styles. Dieter
Zetsche, Jack Smith, Rick Wagoner, Bill Ford, and Nick
Scheele are all leaders with "coach" personalities,
meaning their role is to be on the sidelines, to pick the
team, to formulate the strategy, rather than be the
quarterback or linemen that play the game. | believe this
management style is absolutely essential in supporting a
high-performance new business model. It is
"coopetition": cooperating and competing between
organizations. It is people flow through our
organizations, recognizing that the typical young person
today expects to have eight to ten different jobs. It is e-
enabled, and, very importantly, it is fast. The
transformation is happening right now in this industry,
but not everyone or every organization will be able to
successfully adapt to the new business model.

Over the past several years, we have engaged in a
great deal of discussion on the "old economy™ and the
"new economy." In fact, two years ago, we said that if
you were not part of the "new economy," you were
living in the past. Then we began to ask questions about
the "new economy," about the "dot coms™ and the many
different dimensions of the "new economy." We finally
asked, "Where's the value?" We also began to recognize
that the "old economy" produced the things needed to

live. It built cars, trucks, washing machines, grew food,
made clothes, and built houses. Right now, in real time,
in front of our eyes, the best of the "new economy" is
being merged with the "old economy" to create the
"value economy.” For the auto industry, this is what the
new business model is all about.

Product technology is at the threshold of a major
revolution in the years just ahead, prompted in part by
intense competition and increasing demands by
customers, but also by regulatory pressure. Here, in the
United States, the fuel economy requirements are
particularly challenging, and most industry observers
expect the current Corporate Average Fuel Economy
(CAFE) standards of 20.7 miles per gallon for light
trucks and 27.5 miles per gallon for cars to be tightened
considerably, putting further pressure on the
manufacturers and their suppliers. There is a rapidly
growing movement by the industry to become more
"green" in the broadest sense with the rapid emergence
of the concept of sustainable transportation. Many of the
manufacturers have come together to form the World
Business Council for Sustainable Development
(WBCSD). Sustainability is a multidimensional concept
encompassing exhaust emissions, fuel economy, global
warming, safety, congestion, recycling, and mobility for
handicapped and older drivers. | believe we will see a
major push in the next few years on the part of the
industry to work more closely with governments and
nongovernmental organizations to lessen the negative
impact of automobiles and light trucks.

In product technology, we are, indeed, at the edge of
a revolution that encompasses a broad range of
technology for future vehicles. It certainly includes the
powertrain, but also telematics, safety systems, advanced
materials, electronics, and (of course) new and improved
manufacturing processes. The powertrain is a
particularly important area of the vehicle. Today, we are
increasingly optimistic about the prospect for significant
improvements in conventional powertrains, as well as
the emergence of advanced powertrains, such as heat-
engine electric hybrids and even fuel cells. While there
has been growing interest in more exotic alternatives,
including the hybrid and fuel cells, it is important that
we not underestimate the potential for more conventional
powertrains. This includes significant improvements in
the basic spark-ignited internal combustion engine with a
variety of advancements, such as gasoline direct
injection, variable compression ratio, further advances in
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friction reduction, and more precise control of the basic
combustion process, in addition to other factors.
Furthermore, advanced technology diesel engines are
proving to be particularly important, as evidenced by
their success in many areas of the world. These engines
promise a 30-to-40 percent fuel economy increase over
their gasoline, spark-ignited engine counterparts. There
are serious concerns regarding the exhaust emission
performance of the advanced diesel-particularly here in
the United States-but the promise is great and this
powerplant cannot be ignored for the future.

Another key part of the powertrain is the
transmission. While there are some improvements being
made in automatic transmissions, and even the
emergence of production of the so-called automatic stick
shift, one of the more intriguing designs is the
continuously variable transmission (CVT). In fact,
today, CVT transmissions are in production around the
world-generally using the segmented metal belt van
Doorne principle. Unfortunately, there have been
limitations with this transmission design regarding
torque and power capacity. One of the more exciting
potential alternatives is the Toroidial continuously
variable transmission that is being developed by JATCO.
This transmission has exhibited the potential for
considerably greater torque and power transmission
capability, and must be viewed as an important
competitor in the powertrain race in the years ahead.

Ultimately, any candidate to replace our current
powertrain must at least equal the performance attributes
of today's designs, and to be seriously considered, it
must exceed it in some aspects. Today, the hybrid-
electric seems to have significant potential. In fact,
several varieties of hybrids are available in low-
production vehicles. The particular challenges that
remain with a hybrid include the controls, electric
drivetrain, and, of course, the battery energy storage
system. It is still highly uncertain whether the hybrid
will be the long-term winner in the powertrain race. The
fuel cell, as noted earlier, has made remarkable progress
over the past few years, but still is far from being
competitive with the current powertrain. It should be
noted that with the fuel cell, there are a number of

important subsystems, all of which present significant
challenges. These range from the fuel cell stack itself
where the hydrogen and oxygen react to create electrical
power, to the electric drivetrain and hydrogen supply and
storage systems. Significant inventions are required on
all fronts if this technology is to become viable.

From an energy perspective, there is still great
promise in improved conventional powertrains, as well
as with heat-engine electric hybrids and fuel cells. The
ultimate decision from a fuel economy perspective must
be based on a true "well-to-wheel" analysis. That is, one
cannot look just at the powertrain, but must begin with
original energy source through delivery of the tractive
force driving the vehicle to determine the true system
level efficiency.

One of the more interesting aspects of the advanced
powertrain story is that when improvements in basic
technology are being made at a high rate, investment in
high production tooling is unwise. It is not until the rate
of technical improvement slows that it makes sense to
invest in high production equipment and facilities. If
you invest too early, by the time that facility is in
production, it could be producing out-of-date products.
Today, in most areas of automotive technology,
particularly in the powertrain, we are still on the steep
slope of the improvement curve. With the fuel cell just
two or three years ago, we were looking at costs that
were a thousand times those of the current powertrain.
Recently, that has been reduced to perhaps 10 times the
cost. But this is still not good enough; the goal is one
times cost, or less.

What are we going to be driving tomorrow? What
will our cars and trucks look like? What kind of features
will they have? Certainly, regulations will be a factor in
that decision, but I would also suggest that, ultimately, in
a market-based economy, economics will be the
determining factor. We are probably not going to have
fuel cells if they are five times the cost of internal
combustion engines. The market won't allow it. And
basically, in my judgment, it is economics and value that
will drive automotive products into the future.
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Summary With the cooperation of Nissan Motor Co.,
Ltd., we developed a new 5-speed AT that has been
adopted on the Nissan Cima and Skyline and its
application will be expanded to other model lines in the
future. The schematic for the engagement of the
elements of this new 5-speed AT was selected from
among a wide range of possible candidates with the aim
of reducing the size, weight and friction of the unit so as
to improve fuel economy, which was one of the major
development objectives. This paper explains the process
by which the schematic of this new 5-speed AT was
determined.
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1. Intr oduction

After Nissan Motor Co. launched the world's first
passenger car fitted with a 5-speed AT in 1989, 5-speed
ATs were adopted in succession by Mercedes-Benz,
BMW, Toyota and others. At that time, though, most of
the 5-speed ATs had been created by adding an auxiliary
transmission to existing 4-speed ATs, and they were not
well received from the standpoints of weight, size, cost
and other aspects. However, following the subsequent
development of an all-new 5-speed AT by Mercedes-
Benz, manufacturers accelerated their efforts to develop
new 5-speed ATs from the ground up for the purpose of
improving fuel economy and other performance
parameters. Today, 5-speed ATs are widely used on
luxury cars particularly in Europe and Japan.

The development of our new 5-speed AT (JR507E)
began with the selection of the optimum schematics,
without sticking to the conventional AT structure. As a
result, this new AT is one of the world's smallest and
lightest units. The reduction of friction in the AT also
contributes to improved fuel economy. The process by
which the schematic was selected is described here along
with the method we have developed for creating AT
schematics automatically.

2. Principle of Shifting by Means of Planetary Gearsets

Stepped ATSs designed for use on rear-wheel-drive
cars often adopt a planetary gear train. Presumably, this
is because a compact package can be achieved by
positioning the planetary gearsets, clutches, brakes and
other components on the same axis between the input
and output shafts. The selection of variations for
achieving the different speed ranges begins with the
question of how many planetary gearsets to use, and
there are an enormous number of gear train varieties.
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Fig. 1 Schematic of a 3-speed AT built with a Simpson
gear train

Benford and Leisung previously announced their
method of analyzing the rotational speeds and gear ratios
of planetary gearsets based on the lever analogy
principle.(1) In general, though, the collinear diagram
method, whereby one or several levers are used to
represent the gear train, is easier to understand. Figure 1
shows the schematic of the Simpson gear train that is
commonly used in 3-speed ATs. We will express this
schematic in a lever diagram. The single planetary
gearset consisting of a sun gear (S), a carrier (C) and a
ring gear (R) is represented as one lever, and the points
where the forces of S, R and C are input and output are
indicated by solid squares ( ), which are referred to as
nodes. By connecting the elements of the planetary
gearset in Fig. 1 in parallel, we can represent it in a lever
diagram as shown on the left side of Fig. 2. In addition,
two levers can be combined into one as shown in the
right-hand diagram to create a composite lever diagram
with four nodes. In other words, by switching between
the input node and reaction node (brake node) of this
lever, the required gear ratio is obtained at the output
node. Since it is known that the mechanical
magnification of the lever is equal to the gear ratios, the
following observations can be made about lever
diagrams.

(1) In the case of an underdrive, the output node comes
between the input node and the reaction node.

(2) In the case of an overdrive, the input node comes
between the output node and the reaction node.

(3) In the case of direct engagement, a planetary gearset
is interlocked by releasing the reaction node and
employing two input nodes.

(4) In the case of reverse, the reaction node is placed
between the output node and the input node.

1= (m) A —m
Input & - Qutput InputE - Uutggt

=1 =Y
=t =] ==/

Lever Diagram of Simpson
gear train

=

Composite Lever Diagram

Fig. 2 Lever diagram of a Simpson gear train and its
composite model
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Fig. 4 Lever diagrams of a 6-speed AT schematic with
three planetary gearsets

3. Schematic of a 6speed AT Based on Three

Planetary Gearsets

Four-speed ATs are usually built with two planetary
gearsets, but ATs with five or more speeds generally
have a minimum of three planetary gearsets in order to
obtain a suitable range of gear ratios, ratios between
gears and reverse gear ratio. For example, Fig. 3 shows
the schematic of a 6-speed AT that incorporates three
planetary gearsets. This schematic is represented in a
lever diagram in Fig. 4 using three levers. In the case of
three planetary gearsets, the elements are connected in
parallel using four O embers. Accordingly, they can be
combined and expressed in a lever diagram with five
nodes as shown on the right side of Fig. 4. If we
abbreviate the connections, such as the input, output and
reaction nodes, and do not try to distinguish between the
sun gear, ring gear and carrier of the planetary gearsets,
we obtain a representation like that shown in Fig. 5,
which Ross has called a silhouette.® In the 6-speed AT
schematic in Fig. 3, six forward speeds and one reverse
speed are obtained by positioning an input switching
clutch and a reaction switching brake in the silhouette
and switching between them. Besides this clutch and
brake, an internal clutch can also be inserted in the O
embers connected in parallel and an interlock clutch can
be positioned for interlocking the planetary gears, as
shown in Fig. 6.

0 ()
n
() n u
L L)
U

Fig. 5 Silhouette

Interlock Clutch \’_g
L =

()

Internal Clutch

Reaction Switch Brake
Input Switch Clutch

Fig. 6 Clutch and brake arrangement
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Fig. 9 Schematic of a Mercedes-Benz 5-speed AT

Figure 7 shows the schematic used for an AT fitted
on GM commercial vehicles. Six speeds are achieved
with three planetary gearsets and five engagement
elements. In this schematic, an internal clutch is
positioned in the part that connects in parallel the sun
gear of the first planetary gearset and the carrier of the
second planetary gearset (Fig. 8).

The schematic used for the Mercedes-Benz 5-speed
AT is shown in Fig. 9. It incorporates two internal
clutches and one interlock clutch (Fig. 10) and is
characterized by the absence of an input switching
clutch.

In planning an actual transmission schematic, lever
diagrams are created that contain the shift logic capable
of attaining the prescribed speed ranges. The next
operation is to determine whether the actual schematic
can be created on the basis of the lever diagrams. If the
internal and interlock clutches can be positioned in the
schematic without fail, there is a greater probability of
being able to create the schematic successfully.
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Fig. 8 Lever diagram of the GM 6-speed AT schematic
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Fig. 10 Lever diagram of the Mercedes-Benz 5-speed AT
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4. Extraction of Lever Diagrams for Planetary
Gearsets

The gear ratios generally used for a 5-speed AT are
three underdrive speeds, one direct engagement speed,
one overdrive speed and one reverse speed. The
following two approaches can be considered for
accomplishing these speeds.

(1) An integral type that accomplishes the speeds by
means of the main transmission alone

(2) A type that adds an auxiliary transmission to the
main transmission
The latter type is divided between those that
incorporate an overdrive range in the main
transmission and those that do not.

Schematics were created in both cases, with the main
transmission being limited to a unit incorporating three
planetary gearsets. The method developed by the authors
for creating transmission schematics is described
elsewhere,® so only the general procedure for extracting
lever diagrams, which is the first step, is outlined here.
(1) Extract all silhouettes for the three planetary

gearsets.

(2) Select one of the silhouettes and position either
single- or double-pinion planetary gearsets in a
three-lever representation showing the planetary
gearsets.

(3) Position the input node, output node and reaction
node at the nodes of the silhouette.

(4) Position internal clutches in the [0 embers that form
the parallel connections in the silhouette.

(5) Position interlock clutches in the three levers in the
silhouette.

(6) Position a ring gear, a sun gear and a carrier at each
node of the three levers in the silhouette.

(7) Assume tentative teeth ratios for the three planetary
gearsets.

(8) Define the engagement and release of the input node,
reaction node, internal clutch and interlock clutch in
the lever diagram defined in the foregoing steps and
find the engagement logic for each of the six forward
speeds and the one reverse speed. If the logic cannot
be found, change the assumed teeth ratios of the
three planetary gearsets.

(9) If the logic is found, investigate whether there is any
double transition shifting between adjacent speeds
and eliminate any such cases that are found.

By repeating these steps, a valid lever diagram is
extracted for the prescribed gear ratios. At this stage, the
rotational speed of each element is calculated as well as
the self-rotational speed of the pinions, and any cases of
excessive speed are thrown away. As an example, the
lever diagrams extracted for each speed range of the 6-
speed AT schematic in Fig. 6 are like those shown in
Fig. 11.
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Fig. 11 Lever diagrams of each speed range (for the schematic in Fig. 3)
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5. Method of Creating Transmission Schematics

In order to determine whether a schematic based on
the lever diagrams extracted in the preceding section will
be valid or nor, it is necessary to create a schematic.
Previously, this was done with a pencil and paper by
making use of intuition backed by experience, so it was
invariably a time-consuming process that involved
considerable imprecision. To avoid such problems, the
authors and others automated this process by developing
a method of generating schematics by computer.
Basically, this method makes use of the grid expansion
procedure developed by Lee® as a way of automatically
generating the circuitry of semiconductors and other
devices as wiring diagrams. The grid expansion
procedure refers to a technique for automatically finding
the wiring between two points of a circuit on a cell map
based on the Lee algorithm. This method is characterized
by being able to find the wiring in every case, provided
that it exists, and also by discovering the shortest route
between two points.

Consider that we want to wire between the starting
point S and the end point E in the cell map shown in Fig.
12. The cells indicated in red are areas where wiring is
prohibited. The process is summarized below.

(1) A label value of zero is given to the starting point S
as the origin.

(2) Distances from S are given as label values in such a
way that waves spread out from S at the center
(forward progression).

(3) Upon reaching the end point E, the cells are retraced
in the opposite direction such that the label values
decrease by one each time (reverse progression). If
there are multiple shortest routes, an order of priority
is assigned to the different directions.

(4) Upon reaching the starting point, a wiring network
for the shortest distance is determined (shown by the
yellow cells in Fig. 12).
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Fig. 13 Connection path diagram

An example of a schematic generated with this method is
shown as a connection path diagram in Fig. 13. The
notations R1, R2 and R3 denote ring gears, P1, P2 and
P3 are carriers, S1, S2 and S3 are sun gears, B1, B2 and
B3 are brakes, C1, C2 and C3 are input switching
clutches and O is the output cell. If a wiring diagram is
not successfully generated in this process, it is concluded
that a schematic cannot be generated from the lever
diagrams and the diagrams are thrown away. Even if a
schematic is valid, complex schematics must be
eliminated. For example, schematics in which the
number of axes passing through the sun gears or the
number of drums passing around the outside of the ring
gears exceeds the specified value are thrown away
because they are impractical.

6. Schematic Conditions and Creation

The following conditions were taken into account in
the process of creating the actual schematic.

(1) The number of planetary gearsets of the main
transmission, including the type with the add-on
auxiliary transmission, was limited to three from the
standpoint of reducing the size and weight of the
unit.

(2)Only one double-pinion planetary gearset was
allowed. The Ravigneaux gear train was assumed to
consist of one single-pinion and one double-pinion
planetary gearset.

(3) Two clutches each were allowed for the clutches that
connect/disconnect the planetary gearsets and the
clutches that lock the planetary gearsets.

(4) Up to six engagement elements were allowed.

(5) For the type with an add-on auxiliary transmission,
the main transmission would have two or three
planetary gearsets and the auxiliary transmission
would be a combination of the speed-reducing and
speed-increasing types.

Reference was made to the many schematics
previously proposed for 4-speed ATs that are composed
of two planetary gearsets and assume the addition of an
auxiliary transmission. Accordingly, the objective was to
create schematics for 4- and 5-speed ATs consisting of
three planetary gearsets. Schematics were compiled and
selected under the following conditions set for the gear
ratios and other aspects in order to achieve a
transmission with outstanding power performance and
fuel economy.
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(1) The transmission would have one overdrive gear and
fourth gear would be directly engaged.

(2) The gear ratio coverage would be as follows:
1st gear: 3.0-4.0
2nd gear: 2.0-3.0
3rd gear: 1.3-2.0
4th gear: 1.0 (directly engaged)
5th gear: 0.5-0.9
Reverse: 2.3-5.0

(3) The maximum rotational speed of the elements
would be three times the input speed at the most. The
self-rotational speed of the pinions would be a
maximum of three times with a load and five times
without a load.

(4) The range of gear ratios (1st-5th) would be variable
from close to wide.

(5) There should not be any decline in transmission
efficiency due to an excessive power environment
(especially in forward speeds, excluding 1st gear and
reverse).

A large number of schematics was obtained on the
basis of these conditions and assumptions. They are
summarized in Table 1 in terms of the number of
planetary gearsets and the arrangement of clutches. In
selecting the actual schematic, evaluations were made of
the gear ratios, transmission efficiency, rotational speed
of the elements, self-rotational speed of the pinions,
forward-reverse ratio and other factors with respect to a
range of ratio coverage from close to wide. Each factor
was duly weighted and evaluated. Apart from the
numerical values mentioned above, other important
aspects that were examined included the existence of
patents held by other companies, the increase in
engagement elements due to the use of one-way clutches
and the impact on noise and vibration. In the end, layout
diagrams were created for several candidate schematics
and estimates were made of the transmission dimensions,
weight and cost. The lever diagram and schematic that
were ultimately selected as a result of this process are
shown in Figs. 14 and 15, respectively. This schematic
was selected largely for the following reasons.

(1) The intrinsic characteristics of the AT in terms of
gear ratios, ratios between gears, ratio coverage and
other aspects are superior.

(2) Like the Simpson planetary gearset, input is to the
ring gear in underdrive, making it possible to achieve
size and weight reductions.

(3) The self-rotational speed of the elements and pinions
is low.

(4) Even with the use of three one-way clutches,
engagement elements only increase by one, allowing
five speeds to be achieved with three planetary
gearsets and seven engagement elements.

(5) It does not infringe on the intellectual property rights
of other companies.



JATCO Technical Review No.3 (June, 2002)

Table 1 Classification and examples of transmission schematics

Number of Number of Clutches
Type Planetary iNupbee Examples
Gearsets SI\I;'?::L Internal | Interlock | ©f Brakes
New Ravigneaux 2 3 3 GM 5L40E
3 3 0 0 3 ZF 5HP30
1 1 0 3 GM Allison
Integral Benz W5A580
. g - i d JATCO JR507E
3 0 1 2 2 |Ford Patent®)
2+1(0OD)
+1(0OD 0 1 4 Toyot:
Add on 3+1(0OD) oyota A650E
2+1(UD) 1 3 JATCO JR502E
3+1(UD)
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Fig. 14 Lever diagram of the JR507E 5-speed AT
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Fig. 15 Schematic of the JR507E 5-speed AT

7. Conclusion

(1) The possible combinations of multiple planetary
gearsets were categorized and schematics with the
potential for achieving the target performance of the
new 5-speed AT were extracted for each type
without exception.

(2) Based on the information gained from the extracted
schematics, the potential of each was thoroughly
compared and examined so as to narrow down the
candidates effectively.

(3) By developing the transmission in line with the
schematic that was ultimately selected, the target
performance was achieved, enabling the transmission
to contribute to improvements in vehicle power
performance and fuel economy.

_ 14_
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8. Concluding Remarks

The schematic of the JR507E 5-speed AT was
determined though the process described here, which
made it possible to achieve the high performance targets
set for this unit. The authors would like to thank the
individuals concerned in the Drivetrain Engineering
Department of Nissan Motor Co.'s Powertrain
Engineering Division for their valuable advice
concerning the study for narrowing down the schematic
candidates.

We are convinced that the JR507E is a suitable AT
for application to 21st century vehicles and plan to seek
the cooperation of related parties in making further
improvements to its performance in the future.
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transmission has been developed as an all-new, next-
generation gearbox. We accomplished this by making the
JR507E one of the smallest and lightest automatic
transmissions in its class. This paper describes the
weight reduction technol ogies adopted for the powertrain
parts.
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1. Intr oduction

The JR507E AT increases the torque capacity by
approximately 20% over the previous 4-speed AT and is
roughly 23% lighter in weight despite being a 5-speed
gearbox. It also retains the same unit size as the previous
4-speed AT to achieve one of the smallest and lightest
designs in its class. In developing the powertrain parts,
extensive use was made of aluminum, parts were
integrated and their functionality was enhanced, and
optimum strength analyses were conducted using finite
element analysis (FEA) models and by reviewing the
load conditions. These and other weight reduction
technologies are described here.

2. Basic Structure

The basic structure adopted for the JR507E AT is
considered to be optimally suited for reducing the size
and weight of the unit (Figs. 1 and 2). Three planetary
gearsets, seven clutches and brakes and three one-way
clutches are efficiently arranged to achieve a more
compact size combined with superior shifting
performance.
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Fig. 2 Gear train schematic of JR507E
3. R 2 bkl 3. Development of Weight Reduction Technologies
3.1. BB = B D ElliRL 3.1. Reduction of part count
oodoooooobbbbo0oooouooooos The newly adopted basic structure and optimum
AT ODDODOOOOO0DDO1 O OoO00ogoo4n layout reduce the part count by 17% compared with an
ATODODOODOODODOOM Fig. 30 existing 5-speed AT and keep the number equal to that

of previous 4-speed ATs (Fig. 3).
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Fig. 3 Part count
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3.2, Aluminum clutch drums

A high-strength aluminum alloy was adopted for the
drum of the direct clutch and that of the high and low
reverse clutch (Fig. 4). Strength analyses were also
conducted and many oil holes were provided in a
thorough-going effort to reduce the drum weight (Fig. 5).
As a result, the clutch drums are 45% lighter than
previous ones.

Fig. 5 FEM model of clutch drum

3.3. Aluminum planetary gear carriers

Similar to the clutch drums, a high-strength
aluminum alloy was also adopted for the front and rear
planetary gear carriers. A material with outstanding
abrasion resistance in particular was selected (Fig. 6).

In addition, the oil catch plate for supplying sufficient
lubricating oil to the pinion needles was integrated with
the carrier proper, making it possible to attain higher
stiffness as well (Fig. 7).

As a result of these measures, the weight was reduced
by 55% compared with that of previous planetary gear
carriers.

Fig. 7 FEM model of planetary carrier
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3.4. Enhanced functionality of drum support

The drum support now concentrates the functions of
supporting the rotation of the direct clutch drum,
supporting the longitudinal hydraulic circuit of three
brakes (reverse brake, forward brake and low coast
brake) and branching the hydraulic circuit. It is fixed in
place in the case by a tapered snap ring (Fig. 8).

The overall length of the support was shortened by
discontinuing the snap ring of the multiplate part of the
forward brake. Moreover, the adoption of a high-strength
aluminum alloy achieved a weight reduction of
approximately 2,500g.

The drum support was designed with the optimum
shape to equalize and minimize the upper and lower
displacement of the forward brake when hydraulic
pressure is applied (Fig. 9).

1
VA

Displacementd 0 O

s~ 0o

- Cente

Position

o kMW

‘ - - - -Previous New ‘

Fig. 9 Optimum design of drum support

3.5. More compact one-way clutches

A load frequency analysis was conducted for the first,
forward and third one-way clutches under real-world
driving modes. The results were incorporated in the design
of the three clutches to reduce their size and weight
compared with previous one-way clutches (Fig. 10).

This also made it possible to position the first and third
one-way clutches on the same longitudinal axis in the front
and rear planetary gearsets, respectively, thereby shortening
the overall unit length (Fig. 11).

As a result, a weight reduction of approximately 1,500g
was achieved.
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Fig. 12 Flow formed input clutch drum

Park Gear Output Shaft

Fig. 13 Integrated output shaft and park gear

3.6. Parts integration

1) Flow forming of input clutch drum
With the previous design, two stamped parts were
welded together. However, a flow forming process,
including the opening operation, was adopted for the
newly developed AT. This made it possible to
achieve the optimum drum shape, including the
integration of parts and a reduction of the part wall
thickness (Fig. 12).
This resulted in a weight reduction of approximately 150g.

2) Integration of output shaft and park gear
The output shaft and park gear were formed as an
integrated part using a precision cold forming
technique, which achieved a weight reduction of
approximately 50g (Fig. 13).
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3.7. Smaller inter mediate shaft

The method of designing the intermediate shaft at the
heart of the powertrain was also improved to achieve a
smaller and lighter shaft compared with previous ones.

4. Weight Reduction Effect

Powertrain parts account for a large portion (40%) of
the total AT weight (Fig. 14). As a result of developing
the weight reduction technologies described here, the
combined weight of the powertrain parts was reduced by
approximately 30% compared with existing 4-speed ATs
(Fig. 15).

A breakdown of the total weight reduction achieved
for the powertrain parts shows that the application of
aluminum to the clutch drums and planetary gear carriers
accounted for 46%, the enhanced functionality of the
drum support represented 20% and other measures
contributed 34% (Fig. 16).

50

45 Current trend of 4-speed ATs

40

Effect of weight reduction (30%)

///:*////'//////
Trend of new 5-speed ATs

JR507E

35 [
30

25 )

Powertrain parts weight (kg)

20
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Torque capacityl NOO [
Fig. 15 Weight of powertrain parts
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5. Closing Note

The development of the above-mentioned key
technologies accomplished the initial objective of
developing a new AT that ranks among the smallest and
lightest in its class.

The authors would first like to thank NISSAN
MOTOR CO., LTD. Powetrain Engineering Division,
Drivetrain Engineering Department, as well as the
various departments concerned within the company and
also the suppliers involved for their invaluable
cooperation and support in many different areas of this
project.

m (] Authors =m

Tsuyoshi SUGIHARA
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Summary Our new JR507E automatic transmission
adopts a new torque converter with three downsized
elements and a multi-facing lock-up clutch for improved
fuel economy and a lighter weight. This paper describes
the new torque converter.
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1. Intr oduction

A torque converter is a type of hydrodynamic
coupling that functions to attenuate fluctuations in
engine torque and also to amplify torque in a variable
manner according to differences in input / output speeds,
without the application of any external control. Nearly
all automatic transmissions today incorporate a torque
converter as a start-off element that provides a
comprehensive balance of the performance parameters
required of ATs. This includes reliability,
responsiveness, smoothness and the desired drive torque
characteristics. There are strong demands, however, for
further improvements with respect to fuel economy and
weight. In this regard, there are strong needs for
reductions in size and for higher lock-up clutch
functionality.

This paper describes the torque converter developed
for the JR507E 5-speed automatic transmission against
the backdrop of these requirements.

2. Development of Hydr odynamic Elements

2.1. Weight reduction challenge

Reducing the weight of a hydrodynamic coupling to
its ultimate level would result in a fluid coupling. Fluid
couplings have almost never been used as the start-off
element of automobiles because they have no torque
amplification effect.

_23_
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The coreless torque converter occupies an
intermediate position between an ordinary torque
converter and a fluid coupling. As its name implies, a
coreless torque converter is characterized by the absence
of a core that normally forms the flow passage in an
ordinary torque converter. The coreless torque converter,
with a low stall torque ratio and low efficiency in the
high-speed ratio region, has traditionally been regarded
as being derived from the fluid coupling.

A coreless torque converter® has been reported,
however, that maintains nearly the same stall torque ratio
and efficiency as a cored torque converter while
achieving maximum torque capacity that is
approximately double. In this case, since torque capacity
is proportional to the 5th power of the torque converter
diameter, the outer diameter of the unit can be reduced
by approximately 13%. Moreover, it has been reported
that a torque converter with curved blades achieves
higher efficiency.?

It was decided to develop a small-core torque
converter for the JR507E AT in reference to the coreless
torque converter concept (Fig. 1).

2.2. Approach to developing a small-core torque

converter

In order to achieve the development concept of a
compact torque converter with high torque capacity, we
first considered the coreless torque converter. However,
one problem that occurred with the coreless type was
that, owing to the absence of a core, productivity varied
significantly compared with a conventional torque
converter. Therefore, the idea of adding a small core was
investigated as a way of achieving an accommodation
with the traditional engineering method. In addition, the
size of the core would be small enough to minimize any
impact on performance and so as not to obstruct internal
flow appreciably.

In designing a small core, a 3-D viscous flow analysis
was conducted using commercially available software
(STAR-CD) to optimize the torus geometry, including
the shell and core. One example is described here.

Figure 2 shows the average relative velocity
distribution in a cross section of the flow passage from
the inlet to the exit of a turbine runner, when the core
geometry was changed. The letters A and B denote the
relative velocity before and after the core geometry
change, respectively. It is seen that the average relative



RKBENRE BN N—F DR

o
w

o
)

Relative velocity

o
s

o

0 0.2 0.4 0.6 0.8 1

Non-dimensional distance

Fig. 2 Average relative velocity from inlet to exit of a
turbine runner

23.7 L— RRziRE&E1E
goooboooooboboooooboooobobooob
oooooooooooooooobooboobbobobo
gooooooooooobooobobbbbbobb
gooooooooooooooooobbobob
goboobooooboooobobooooboboooDbo
ooooooooooooooobooobbbobooo
gooooooooooobooobobbbbbobb
oooo

231.0000000000000000000
goooooooooboobooobobDbDbDbDboboD
obobobobobobobTcobobobooobo
gbooboobooo
gooooo
goooboo
goooTcbooobobobobobob

232. 00000000
goooooooooboboobobDbDbDbbobo
oooooooooooooooobooboobbobobo
goooooooooooboobobbbbboboobo
oobooboooboobooobooobooon
goooooooooooboobobbbbboboobo
obooboboboogoooo

233. 0000
gbbooooobboooobobogTcoonon
O0Fig. 40000

Non-dimensional change in rothalpy

0 0.2 0.4 0.6 0.8 1
Non-dimensional distance

Fig. 3 Change in rothalpy from inlet to exit of a turbine
runner

velocity increases smoothly from the center of the graph
after the geometry change.

Similarly, the change in rothalpy is shown in Fig. 3.
Rothalpy refers to the total energy of the static pressure
and meridional velocity. The curve for the change in
rothalpy shows a more gentle slope after the core
geometry was changed, indicating that the improved core
geometry enhanced efficiency by suppressing loss.

2.3. Optimization of blade geometry

Along with improving fuel economy by attaining
higher hydrodynamic efficiency, there is a simultaneous
demand for enhancement of the power performance of
vehicles. To improve power performance, it is essential
to have a good match between the engine's
characteristics and hydrodynamic performance. A key
issue is the extent to which the targeted hydrodynamic
performance can be achieved. It is also necessary to set
the blade geometry and angle appropriately, taking into
account hydrodynamic performance variations that
project the characteristics of future engines.

2.3.1. Pump impeller and turbine runner blade

The following independent parameters were
optimized and then combined with the stator to validate
the torque converter as the final step.
O Inlet/exit blade angles
U Blade load distribution
O Bias angle
In addition, the exit angle was selected in consideration
of the development of a torque converter series.
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2.3.2. Stator blade geometry

The stator is a key element that is capable of
controlling the characteristics of the input torque
capacity coefficient. To begin with, the input torque
capacity coefficient was designed with a characteristic
curve that met the requirements for both fuel economy
and power performance. The stator blade geometry was
then designed so as to obtain the target characteristics for
the input torque capacity coefficient.

2.3.3. Hydrodynamic performance

The hydrodynamic performance thus obtained is
compared with that of a conventional torque converter in
Fig. 4. The previous torque converter has a nominal
diameter of 272 mm while that of the new torque
converter is 260 mm. Even though its nominal diameter
is approximately 5% smaller, the new torque converter
achieves a higher level of performance than the previous
unit.

3. Development of Lock-up Clutch

3.1. Selection of clutch structure

The previous lock-up clutch was the single-facing
type. It was decided to develop a multi-facing lock-up
clutch for the following reasons.

O The desired lock-up clutch capacity can be secured
without increasing the piston diameter.

U The outer diameter of the friction material, i.e., the
piston outer diameter, can be reduced.

U The friction material surface can be cooled without
any need to maintain rigorous oil sealing at the
surface, thereby extending the material's service
life.

Table 1 shows the candidates considered for the structure
of the multi-facing lock-up clutch.

Based on the results in the table, it was decided to
select the front-charged piston type constructed with an
independent cavity for controlling the lock-up clutch
pressure. This type is advantageous with respect to the
response and drag torque of the lock-up clutch under
both driving and coasting conditions.
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Table 1 Merits and demerits of various lock-up clutch structures

Oil Through Type

Independent Cavity Type
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Torque Converter Structure O(a little complex) O(a little complex) O¢(a little complex) A(Complex)
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Performance of Lock-up Clutchif X (Driving response) X (Coasting response) O A (Drag torque)
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Fig. 5 Relation between lock-up clutch capacity, slipping
velocity and facing outer diameter
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3.2, Friction facing diameter

The friction facing diameter and number were
selected in consideration of achieving a torque capacity
of 450 N-m, attaining a constant friction material contact
pressure under full lock-up and keeping the slipping
velocity of the friction material low during slip lock-up
clutch operation. The torque capacity and slipping
velocity are shown in Fig. 5 as a function of the facing
outer diameter.
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3.3. Lodk-up dutch performance

The response of the lock-up clutch under both driving
and coasting conditions has been improved and drag
torque has also been reduced. As a result of adopting an
independent cavity for controlling the lock-up clutch
pressure, stable lock-up clutch response has been
achieved in all speed ratio ranges. In addition, drag
torque has been reduced by adopting the front-charged
piston type and making the outer diameter of the piston
smaller. Figure 6 compares of the lock-up clutch
response of the new and previous torque converters as a
function of the speed ratio.

3.4. Slip lodk-up operation

In developing the slip lock-up clutch, it was decided
to adopt a clutch constructed with multi-facings and an
independent cavity for controlling the lock-up clutch
pressure. This clutch design was selected to ensure
sufficient friction material strength and to hold down the
rise in the surface temperature of friction materials. As a
result, the new torque converter allows more aggressive
use of slip lock-up operation than before.

New friction materials and automatic transmission
fluid (ATF) were developed to reduce degradation of
friction material properties caused by slipping. In
addition, part designs around the friction materials of the
multi-facing lock-up clutch were optimized to achieve a
construction for controlling ATF flow characteristics and
thereby cool the friction materials more efficiently. The
graph in Fig. 7 compares the facing surface temperature
during slipping for the previous single-facing lock-up
clutch and the new multi-facing clutch. Following the
onset of slipping, the friction material surface
temperature of the multi-facing lock-up clutch rises more
quickly on account of the heat capacities of surrounding
parts. However, the cooling effect appears as time passes
and it is seen that the friction material surface
temperature then falls below that of the previous lock-up
clutch.
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4. Development of Torque Converter

A compact torque converter with high torque capacity
was then developed by combining the new
hydrodynamic elements and the small-diameter multi-
facing lock-up clutch described in the preceding
sections. Compared with the previous torque converter
for the JR404E AT, the outermost diameter of the new
torque converter has been reduced by approximately
10% (Fig. 8). This gives the new compact torque
converter a significant size advantage over the previous
benchmark. Figure 9 shows the maximum outer diameter
of the torque converter as a function of the maximum
engine torque that can be accommodated.
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Fig. 9 Relation between max. engine torque and TC
outer diameter

5. Conclusion

A torque converter is a functional component that
contributes significantly to the power performance and
fuel economy of a vehicle. Because it accounts for a
relatively large proportion of the space and weight, there
are needs for further performance improvements and size
reductions. In developing this new torque converter,
emphasis was placed on enhancing performance and
reducing the diameter of the unit. In future development
work, vigorous efforts will be made to reduce the overall
torque converter length as well.

Finally, the authors would first like to thank NISSAN
MOTOR CO., LTD. Powetrain Engineering Division,
Drivetrain Engineering Department, as well as various
individuals for their valuable cooperation with this
development project.
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Summary Conventional 4-speed ATs are being
replaced by ATs with more speed ranges in order to
improve fuel efficiency, acceleration and shift quality.
Since ATs with a greater number of speed ranges have a
more complex structure, shift control becomes more
complicated, necessitating further improvement of
development work efficiency. This paper describes the
principle and features of a shift shock simulation model
based on MATLAB, and the results obtained with this
tool, which contributed greatly to improving devel opment
work efficiency for our JR507E 5-speed AT.
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1. Intr oduction

The work of developing automatic transmissions
(ATs) has become more diversified and sophisticated in
recent years, as a result of the increased installation rate
of these gearboxes and their higher performance levels.
The amount of development work involved is also
steadily increasing. Against this backdrop, there is a
need for substantial improvement of development work
efficiency by enhancing design work efficiency and
accuracy. One characteristic of an AT is that the torque
transmission mechanism differs greatly according to
each type of shift. Consequently, in developing a shift
shock simulation model, a great deal of time and effort
has previously been required to create the control
program for the powertrain model (i.e., switching
between programs during simulations). In developing the
shift shock simulation model described here, a virtual
powertrain model that does not depend on the type of
shift was adopted, thereby eliminating the need for
switching between programs. The programming work,
including model creation, was done with MATLAB, a
CAE tool of The MathWorks, Inc. that greatly boosts
development work efficiency.

This paper gives an overview of the newly developed
shift shock simulation model, using a 5-speed AT for a
front-engine rear-drive car as an example.
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2. Development Aims

The aims of this project were:

e To simplify the complex model structure of a 5-speed
AT by using a method that does not require any
switching between programs during simulations.

e To visualize the model using MATLAB and
standardize it so that anyone can easily understand it.

2.1. Conventional method

Previously, when a shift shock simulation model was
developed for an all-new transmission, much time and
effort was needed to set the conditions for solving the
equations of motion of the powertrain. That was because
a method was used to reduce the number of unknowns in
order to compensate for the smaller number of equations.
That involved switching between programs depending
on the type of shift involved, using the engagement
states of the clutches and the rotational relationships of
the rotating parts. In addition, the programming itself
was done using Fortran or a similar language to perform
the calculations, making it necessary for the developer to
create the fundamental functions in the course of writing
the control program. As a result, the program became
rather complex and was difficult to understand for
anyone other than the developer. Consequently, it was
necessary to create a detailed manual in order to
standardize control programs.

2.2. Features of this de velopment method

In the process of developing the shift shock
simulation model, a method of "modeling the constant
slight slipping of the clutches when fully engaged™" was
modified and adopted. That method was developed by
the Advance Development Group, and it eliminates the
need for switching between programs. Additionally, the
programming itself was done with MATLAB, which
incorporates many general-purpose numerical analysis
functions, thereby enabling development man-hours to
be reduced significantly.

3. Modeling Principle
3.1. Formulation of powertrain model

Equations of motion are formulated for each rotating
part and can be expressed in matrix form as follows:
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I: inertia of each rotating part

w : angular velocity

k, a, b: coefficients of planetary gearsets

Tiner: interaction torque

Tinput: input torque to input shaft

Tresist: torque resistance to output shaft

Touen: torque transmitted by clutches, brakes and one-
way clutches

3.2. Model of clutch characteristics

A conventional model of clutch-transmitted torque
Ttrans is shown in Fig. 1. As the newly developed model
in Fig. 2 shows, clutch-transmitted torque is defined as a
function of the relative rotational speed of a clutch (the
existence of micro slipping produces torque capacity).
With the conventional method, it was necessary to
switch between programs for the engaged and slipping
states. The newly adopted method allows clutch
characteristics to be treated continuously with one
program.

New

O Atall clutch state
T.Omin( T, KAw)

trans. cl

trans

—>
Aw Aw

K : Torqueslipratioat AwoAw,,
Fig. 2 New model of clutch-transmitted torque
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3.3. Model (function) concept

An extremely important parameter in this simulation model
is k, representing " torque/slipping velocity.” In short, if the
slope ofk is too small, the clutch will converge (engage) at a
high relative speed. As a result, large error will occur at the
stage of studying the gear ratios. Conversely, the simulation
will diverge ifk is made too large.

In constructing this simulation model, the condition of
that does not give rise to divergence was found, making it easy
to designk in future projects. By way of reference, the
condition ofk that does not cause divergence for the one-
degree-of-freedom clutch model shown in Fig. 3 was found by
Euler's method of integration and is expressed by Eq. (8). The
calculation flow is shown in Fig. 4.

The torque balance for the clutch model in Fig. 4 is given by

AW A

n-1 | trans
»

Aw W,
Integration

Fig. 4 Flow of calculation

sl}—\

The torque balance for the clutch model in Fig. 4 is
given by
Io=T,,, -T,.

clutch iny

Under the condition that w = 0, Eq. (4) becomes

clutch inpus K Ct))
dt I

do _(T 050

Setting A t as the calculation cycle and discretizing Eq.

(5), we obtain

)= ol — 1)+ L~ f’“”(” Dy oeo

From Eq. (6), the relationship between n and the n-1th
w becomes

o(n)-o(n-1)= [1—?’{- Atjn_l{co(l)—a)(o)} 070

The condition for the convergence of the right-hand term
of Eq. (7) is expressed by Eqg. (8).

<1 [p80o

. K
Convergence condition = | 1- 1 At
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4. Programming with MATLAB

Figure 5 shows an example of the powertrain
simulation model created with MATLAB, a general-
purpose numerical analysis program provided by The
MathWorks, Inc. The hydraulic pressure calculated for
each clutch with the pressure model in (b) is input into
the clutches in the powertrain model in (a). The model in
(a) also includes blocks for calculating engine torque,
vehicle running resistance and other parameters, in
addition to the clutch pressures. This model calculates
the torque acting on various parts inside the AT. The
gear block in (a) is constructed as shown by the gear
model in (c). Based on the torque calculated in (a), the
rotational speed of each AT member and the amount of
torque it transmits are calculated.
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Figure 6 shows an example of the change in vehicle
acceleration calculated with this simulation model for an
upshift from first to second gear.

The following example concerns an advance
prediction of potential problems at the design stage and
the measures taken to resolve them. The downshift from
fifth to second gear shown in Fig. 7 is executed by
disengaging and engaging many clutches. Previously,
since it was difficult to design the optimum control
procedure on the basis of design studies, repeated tests
had to be conducted with actual hardware. In the design
study, it was found with this simulation model that a
spike-like change in vehicle acceleration occurred during
the downshift shown in (a) in Fig. 7. This simulation
model is effective in analyzing the shift mechanism
because the calculation results include the rotational
speed of every part. An analysis of this parameter
revealed the cause of the spike-like change in vehicle
acceleration. That result was fed back to the shift control
design to prevent this problem from occurring in the first
place. As a result, smooth shifting performance like that
seen in (b) in Fig. 7 has been obtained.

(a) Pressures inbalances (b) Pressures balances
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Fig. 7 Example of downshift simulation from fifth to
second gear
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5. Conclusions

(1) The introduction of a more efficient development
tool than the previous calculation method has made
it possible to reduce development man-hours
substantially.

(2) A stability condition was derived for the relationship
between the calculation cycle and slipping velocity.

(3) This condition is effective for creating the powertrain
model of an AT with a greater number of speed
ranges. The new method eliminates the switching
between programs that was required with the
previous approach.

(4) Because the rotational speed of every rotating
element and the torque it transmits can be calculated,
the method is effective in analyzing the mechanism
of shift shock.

Finally, the authors would first like to thank NISSAN
MOTOR CO., LTD. Powetrain Engineering Division,
Drivetrain Engineering Department, as well as T.
Matsumura, Senior Chief Researcher, of the Advance
Development Group and M. Taki of the R&D
Administration Department for their valuable
cooperation in connection with the development of this
new shift control.

-~
Kazuo T

Kazuhito SANO OMIOKA



% £ |

VZT7BAEES AL v FORRE

Development of a Linear-Stroke Inhibitor Switch
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Summary The conventional rotary inhibitor switch
that has been attached to the outside of ATs has
individual contacts for the signals of each selector lever
position. We have developed a new linear-stroke
inhibitor switch that combines the On/Off signals of four
contacts to output a coded signal of the selector lever
position. Developed to reduce the cost and improve fail-
safe functionality, this inhibitor switch has been
incorporated in an all-new 5-speed AT for use on rear-
wheel-drive cars.
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1. Development Aims

The development aims set for the new inhibitor
switch (Fig. 1) were to reduce the cost and improve fail-
safe functionality. Housing the switch inside the AT
eliminated the cost of measures needed so far for
protection against the harsh vehicle environment. This
included eliminating seals for preventing water incursion
and measures for avoiding damage caused by salt,
sulfurous acid gas and other substances.

In addition, coding the output signals improved fail-
safe functionality and eliminated the need for the
dedicated starter contact used previously to handle large
current.

On the other hand, using the inhibitor switch in an
atmosphere where it is splattered by automatic
transmission fluid (ATF) raised other new issues such as
assuring the contact reliability of the contacts and
protection against foreign matter.

Terminal block

Speed sensor
connector
(Back side)

Fig. 1 Linear-stroke inhibitor switch
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2. Structure of Inhibitor Switch

This inhibitor switch is housed inside the AT and its
movable contacts slide linearly, thereby switching and
outputting the selector lever position signals. Because of
this structure, it is called a built-in linear-stroke inhibitor
switch.

There are seven selector lever positions: P, R, N, D, 3rd,
2nd and 1st. In addition to the output signals for these seven
positions, output signals are also provided for intermediate
positions between P and R (P-R), R and N (R-N), N and D
(N-D) and 2nd and 1st (2nd-1st) for fail-safe purposes.

Besides its individual function as an inhibitor switch, it
also serves as a wiring board in that it mounts the
connectors for the temperature sensor and vehicle speed
sensor. The inhibitor switch comprises three principal
components: a terminal block on the fixed contact side, a
moving block on the movable contact side and a case as its
external structure (Fig. 2).

The terminal block is made of plastic having good
resistance to heat and oil. It is molded with a total of ten
inserted terminals for the contact signal lines (S1, S2, S3
and S4), the common ground line (GND) of the contact
signals, the output and ground lines of the temperature
sensor, and the power, output and ground lines of the
vehicle speed sensor. For the purpose of the fail-safe
function, the common ground line is connected to the
inhibitor switch case and to the transmission case by means
of the control valve body.

Based on the previous connector, a new connector was
developed in which the ten terminals are arranged in series
in a straight line due to the restriction on the terminal layout
because of the limited space available.

Like the terminal block, the moving block is also made
of plastic (Fig. 3). Attached to it are contacts called sliders,
which have a spring characteristic, and a drive pin that is
integrated with the block.

Contact (Slider)
- Russell shape

Curled shape

Fig. 3 Moving block
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The ground contact on the sliders is always in contact
with the common ground line. The movement of the
moving block brings the contacts of the S1 to S4 contact
lines in contact with the terminals on the terminal block
according to the position of the former block, thereby
generating On/Off signals. Switching of the On/Off signals
is accomplished by the vertical movement of the slider
contacts, which are constructed such that they slide up on
the terminal block.

3. Installation Layout

With the conventional rotary inhibitor switch that is
attached to the outside of an AT, the rotation of the manual
shaft is transferred to drive the movable contacts of the
switch. In contrast, with the new inhibitor switch, the pin on
the movable contacts is set directly in the manual valve

(Fig. 4).

Manual valve

Fig. 4 Integrated structure of the switch and valve
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As shown in Fig. 5, because the inhibitor switch is
positioned on the manual valve body, the relation between
the pressure switching position and the contact switching
position is determined directly by the part dimensions
alone. This design eliminates the need for adjustments,
making it unnecessary to align the N selector lever position.

4. Use in ATF Atmosphere

Since this inhibitor switch is housed inside the AT, it
does not adopt a tightly sealed structure, which allows the
ATF to enter the switch freely. Consequently, assuring the
contact reliability of the contacts and securing durability
against foreign matter in the ATF were issues that had to be
addressed.
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4.1. Contact reliability

Some types of contact material may react with the
ATF to form a nonconducting oxide film on the contact
surface that prevents the flow of current. Since an oxide
film can sometimes form even at high temperatures, a
switch material was selected that does not form an oxide
film in the ATF under a high temperature condition.
Increasing the contact pressure is one effective way of
assuring contact reliability, but it also has the
undesirable effect of promoting contact wear due to
rubbing. Accordingly, the contact pressure was selected
S0 as to achieve a stable spring force without any decline
over a long period of use and also to provide good wear
resistance.

4.2, Protection against foreign matter

Issues related to foreign matter in the ATF include:

a. Changes in the current flow area of contacts due

to contact wear

b. An increase in operating force due to foreign

matter caught in moving parts

c. Short-circuiting between signal lines caused by

conductive foreign matter or blockage of current
flow due to nonconducting foreign matter

Naturally, a material having excellent wear resistance
was selected for the contacts. The contacts have also
been designed so as to avoid the buildup of foreign
matter.

To prevent short-circuiting between the signal lines,
sufficient air gaps and insulating gaps are provided by
the walls of the guide for the sliders of the terminal
block (Fig. 6).

4.2.1. Prevention of ATF incursion

The open area through which ATF might enter the
inhibitor switch has been reduced as much as possible to
avoid fluid incursion even if just by a little. In addition, a
hood (Fig. 4) is provided over the area of the case where
the drive pin moves to lessen the chance of incursion by
ATF that drips down from above. On the other hand, the
ATF exit has been designed with a large opening to
allow easy fluid discharge.

These measures prevent fluid from collecting inside
the switch and also avoid the buildup of foreign matter
on the inside.

4.2.2. Forced removal of foreign matter
The moving block and terminal block are both
constructed for aggressive removal of foreign matter.
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Inhibitor switch

Manual valve

Manual valve body

Fig. 5 Switch assembly
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Guide wall

Fig. 6 Air gaps in the terminal block

(1) Russell shape of moving block for removing large
foreign matter
The moving block is designed with rounded edges to
prevent foreign matter from becoming caught in the
clearance of moving parts, which would raise the
necessary operating force.

The Russell shape (projections located above the
terminals in Fig. 3) of the moving block serves to push
large foreign matter to the outside, thereby preventing it
from penetrating to the sliding surface of the contacts.

(2) Curled shape of sliders for removing medium-sized
foreign matter
The slider contacts have a curled shape (Fig. 3) to
reduce sliding resistance. This shape also serves to
collect foreign matter on the sliding surface of the
contacts and to sweep it toward the outside.

(3) Air gaps for removing fine foreign matter

The curled shape of the slider contacts can collect
small foreign matter but cannot easily evacuate it. To
remove fine foreign matter, slits are provided in the fixed
terminals on the terminal block and holes are opened
through to the back side of the inhibitor switch (Fig. 6).
Collected foreign matter is pushed into the holes and
removed through the back.
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5. Contact Signals

The four signal lines from S1 to S4 pass current to the
ground line, thereby producing an On signal (Table 1).
Unlike the previous inhibitor switch, there is no starter
contact for the P and N selector lever positions.

5.1. Gray code

Four-bit coded signals are output by combining the
On/Off states of the four contact signals S1 to S4. The
binary system of notation is a widely known way of
representing bits. With the binary system, however, there
are times when two or more bits are reversed at one time,
as in the case of 0100 being the next notation after 0011.
The new inhibitor switch adopts the gray code in which
there is always just one bit that changes in adjacent
patterns.® As a result, in the event a wire should break,
for example, a pattern would appear in which two or
more bits change at one time, which makes it easier to
detect troubles.

5.2. Fail-safe

To ensure vehicle safety, code patterns have been
selected so as to satisfy the conditions noted below even
in the event that a broke wire or some other problem
should occur at one location in the signal lines.

a. The engine must not start even though the selector
lever is in a position that normally does not allow
the engine to be started.

b. The R position must not be detected even though
the selector lever is not in the R position.

c. Some other position besides the R position must not
be detected even though the shift lever is in the R
position.

5.2.1. Establishment of intermediate positions

With this inhibitor switch, the bit patterns include
intermediate selector lever positions, i.e., P-R, R-N, N-D
and 2nd-1st. These intermediate positions are not
directly related to the selector lever positions, but they
facilitate reliable detection of trouble in the event a wire
breaks or a short-circuit occurs.

Table 1 On/Off pattern
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Without intermediate positions, the P position and R
position are adjacent. If a wire should break in one signal
line, one bit would change. In some cases, the R position
might change to the P position, which would run counter
to (a) mentioned above. In contrast, by inserting an
intermediate P-R code, even if there should be a change
from the R position, it can be limited to P-R.

6. Conclusion

Many of the inhibitor switches that will be newly
developed in the future will probably be of the linear-
stroke type that is housed inside the AT like the switch
described here. The know-how gained through the
development of this inhibitor switch will serve as the
foundation for the development of future products.

Finally, the authors would first like to thank NISSAN
MOTOR CO., LTD. Powetrain Engineering Division,
Drivetrain Engineering Department, Niles Parts Co.,
Ltd., as well as other related companies and the in-house
departments concerned for their tremendous cooperation
in connection with the development of this inhibitor
switch.
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Summary The newly developed JR507 5-speed
automatic transmission for rear-wheel-drive cars adopts a
computerized control system for direct clutch pressure
control, referred to as a Direct Acting System. This system
directly controls the hydraulic pressure of every friction
element to improve shifting performance in connection with
the attainment of a smaller, lighter transmission.

The Direct Acting System precisely controls the oil
pressure at clutch engagement to generate the optimum
hydraulic pressure for shifting. However, it is necessary to
minimize any discrepancy between the hydraulic pressure
specified for the linear solenoids and the actual pressure
generated. Therefore, we developed a computerized
hydraulic pressure calibration system to minimize variation
in linear solenoid pressure within the allowed production
line cycle time (process speed).
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1. Intr oduction

In recent years, customers have expressed demands
for automatic transmissions (ATs) that shift more
smoothly and also with a modulated sensation in certain
places. Meeting such demands requires finer control that
more closely matches human sensitivities. Consequently,
it has become necessary to provide more sophisticated
and accurate AT control, especially with regard to
hydraulic pressure control. A big issue here is the
question of how more accurate control can be achieved
at low cost. To achieve such control at low cost, it is
necessary to attain the control accuracy required for the
linear solenoid output pressure while maintaining the
production line cycle time.

This paper describes a computerized hydraulic
pressure calibration system that satisfies these
conditions.

2. Development Objectives
The following objectives were set for the

development of the computerized hydraulic pressure
calibration system.
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(1) To reduce costs by easing the accuracy required for
linear solenoids themselves.

(2) To improve clutch pressure control accuracy.

(3) To keep the production line cycle time at the target
level.

Another consideration was to minimize any cost
increases (for additional memory devices, etc.) needed to
accomplish these objectives. Three calibration methods,
designated as Types A, B and C in Table 1, were proposed
as possible ways of achieving the development objectives.
They were investigated by the Kepne-Tregoe method of
Decision Analysis (DA) and Type A was found to be the
best proposal. The DA table used in the analysis is shown in
Table 1.

Table 1 Comparison of calibration methods

Type A Type B Type C
Oil pressure All data memory | TraditionalCtype
calibration type type
Cost reduction O O X
Accuracy of
clutch pressure O O X
Cycle time O X O
Minimum cost
increase O X O
o .:Good x :Poor

TypeA:00000000O0O0O0OO
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Type A: The hydraulic pressure calibration method
proposed in this work.

Type B: An all data memory method whereby pressure
characteristics are measured in relation to an
indicated current value in a valve test and a map is
created and stored in memory.

The conventional method of adjusting linear
solenoids by means of adjustment screws. The
solenoids are only checked in the valve test and
are replaced if the result is not acceptable.

Type C:

3. System Configuration

The configuration of the new calibration system is shown
in Fig. 1. Communication between the system computer and
the AT control unit (ATCU) is effected via the Controller
Area Network (CAN). The linear solenoids incorporated in
the control valve are driven by a pulse-width-modulated
(PWM) signal output by the ATCU. Driving the linear
solenoids changes the clutch pressures, which are detected
by pressure sensors to provide analog piezoelectri
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values. The values are sent through the storage amp to the
analog-to-digital (A/D) converter of the system computer
where they are converted to digital values that are displayed

0 Analog-To-Digital Converter 000 000000 0 and recorded in the system computer as data.

gobbdgogoboboouobbdoooobooo
gooo
OO0b0O0O0000FRg. 10000

System personal computer

s
ﬁ&%(
| 74

Control valve

Storage AMP

Fig. 1 System configuration

4 MEFYUTL— a>Dfiin 4. Hydraulic Pressure Calibration Flow

The overall flow of the hydraulic pressure calibration
process is shown in block diagrams in Figs. 2 and 3, which
divide the process between the production plant and the
vehicle.

guobboooobbooougboboooaoboo
0000000000000 000dFig.20Fig. 3
goodg

At plant
@

Clutch pressure measurement at indicated current

2 v

P-1 Map fitting

® v

Uploading of parameters

@ v

Clutch pressure confirmation at indicated oil pressure

Fig. 2 Block diagram at plant

dopoodooOoobooboooobooooo O Calculations for hydraulic pressure calibration at the

Oododouooooooooooooooogao plant
O The clutch pressure generated by the indicated current is
measured.
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In vehicle

)

[0 Based on previously measured static characteristics of
the linear solenoids and a basic P-1 Map (basic
pressure-current characteristics used in the
calibration), a map that is the closest in shape is
calculated along with the gain and offset values.

O The parameters are uploaded from the facility PC to a
ROM device (EEPROM).

O The static characteristics of each clutch are measured
at an indicated clutch pressure and the difference
between the indicated clutch pressure and the actual
pressure is confirmed. A judgment is made as to
whether the control valve is within the target value or not.

Downloading of parameters

®)

Target pressure

®

P-1 Map fitting

@

> Current— PWM output

®

Solenoids driven by PWM signal

®

— Current feedback

Fig. 3 Block diagram in vehicle
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O Linear solenoid output based on hydraulic pressure
calibration in vehicle
O After the AT and ATCU are installed in a vehicle,

calibration data are read out from the ROM device
incorporated in the AT only the first time the ignition
key is turned on.

O A hydraulic pressure command is issued in

accordance with a value calculated from the engine
torque during ordinary driving.

O The pressure command is converted to an indicated

current value in reference to the map, gain and offset
values.

O The indicated current value is converted to a PWM

output signal based on the PWM conversion map.

O The PWM signal drives the linear solenoids.
O A monitor current is measured simultaneously with

the flow of current through the linear solenoids, the
difference between the actual current value and the
monitor value is determined and that current
information is fed back. It is assumed that the
indicated current & monitor current & actual current.
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5. Reduction of Calibration Time

Having improved clutch pressure control accuracy,
the following two measures were implemented to attain
the target cycle time.

1. Measuring static characteristics at as many points as
possible leads to improved accuracy. On the other
hand, taking measurements at many points makes it
more difficult to complete them within the target
cycle time. The reason is that the measurement time
represents the sum of the time for both raising and
lowering the hydraulic pressure and the waiting time
until the pressure converges.

Accordingly, the number of measurement points was
reduced in both the pressure raising and lowering
operations until a number was reached where the same
accuracy could be obtained by running a simulation. As
a result, the number of measurement points was cut in
half, as illustrated in Figs. 4 and 5.

(Pressure)

O Currentd
Fig. 5 Reduction of measurement points

2. Previously, the hydraulic pressure of each clutch was
measured in order to avoid any interference between
clutch pressures. Consequently, it was difficult to
keep the cycle time at the target level because several
minutes were needed to measure the clutch pressures.
Accordingly, a hydraulic circuit model was created to
shorten the cycle time by simultaneously measuring
the pressure of several linear solenoids for which
there is no interference between the measured
pressures. The operation of the model was confirmed
with an actual AT. By selecting linear solenoids for
which pressure fluctuations did not cause any
interference, it was possible to shorten the cycle time.
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6. Effects

In addition to achieving the target cycle time by
discontinuing calibration for individual linear solenoids,
clutch pressure control accuracy was also improved.
Figures 6 and 7 compare pressure accuracy before and
after calibration. It is seen that the computerized
hydraulic pressure calibration system greatly reduces the
variation that previously occurred with individual linear
solenoids, thus achieving the initial objective of this
project.

O Curren O

0O Pressure O

Fig. 7 After calibration

7. Conclusion

The adoption of this computerized hydraulic pressure
calibration system has made it possible to improve
pressure control accuracy, thus providing more precise
AT control.

The authors would first like to thank NISSAN
MOTOR CO., LTD. Powetrain Engineering Division,
Drivetrain Engineering Department, as well as various
individuals for their valuable cooperation in connection
with the adoption of this system.
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Analysis of Band Brake Engagement and Disengagement Behavior in an Automatic Transmission
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Summary Frictional characteristics and drag torque
characteristics of a band brake were investigated
experimentally and theoretically. Measurements and
calculations were made concerning the relationship
between the oil film thickness and band facing width and
other parameters. The ail film pressure between the band
and drum was also measured immediately after band
brake disengagement. It was found that the initial
coefficient of friction of the band brake depended on the
mean oil film thickness and that large drag torque
immediately after band brake disengagement depended
on the negative pressure of the ail film.
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1. Intr oduction

In an automatic transmission built with planetary
gearsets, the band brake is positioned around the drum
that is directly coupled to one of the constituent
members of the planetary gearsets. Therefore, its axial
dimension can be substantially reduced compared with
that of a wet multiplate brake. However, when the
direction of drum rotation coincides with the direction of
force applied by a hydraulic piston, braking torque
increases exponentially relative to the friction coefficient
on account of a self-energizing effect. As a result,
compared with a wet multiplate brake, the braking
torque of a band brake is extremely sensitive to friction
characteristics.”” On the other hand, drag torque right
after band brake disengagement is known to be
influenced by the band brake geometry and the oil film
thickness between the band brake and drum.®
Consequently, the engagement/disengagement behavior
of the band brake has a critical effect on shift quality.

This paper presents an analysis of the correlation
between friction characteristics in the band brake
engagement process and the band facing width. It also
presents an analysis of the mechanism generating torque
when the band brake engages and disengages. That was
done by measuring band brake behavior in the
disengagement process and the oil film pressure
distribution.
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2. Band Brake Construction and Function

The band brake is a friction engagement element
having a wet friction material bonded to the inner surface
of a metal strap. The working force of a hydraulic piston is
applied to the band, causing it to wrap tightly around the
rotating drum so as to brake and stop the drum. Figure 1
shows the construction of the band brake and gives the
names of the major components. One characteristic of the
band brake is that the braking torque obtained differs
depending on whether the direction of drum rotation and
the direction of the force applied by the hydraulic piston
are the same or opposite. In other words, when the
directions are the same, the braking torque Tb is given by
Tb = FsO R(e"® - 1). The direction of drum rotation in
which this braking torque is obtained is referred to as the
self-energizing direction. On the other hand, the braking
togue Th that is obtained when the directions are opposite
is given by Th = FsO R(1 - 1/e"?). The direction of drum
rotation in which this braking torque is obtained is referred
to as the de-energizing direction. The notation pu used in
these equations is the friction coefficient of the band
brake; it is influenced by the drum rotational speed,
contact pressure and oil flow rate, among other factors.
Additionally, drag torque occurs in a state of no
engagement because the drum is turned by the oil film
formed between it and the band brake. A high level of drag
torque may occur especially right after band brake
disengagement.

3. Analysis of Combined Friction Characteristics

3.1. Correlation between number of band oil
grooves and u-V characteristic

Using the SAE No. 2 tester, a comparison was made of
the p -V characteristic of a band brake with one oil groove
in the center of its facing area and a band brake with three
equally spaced oil grooves. The former is referred to here
as a single-groove band brake and the latter as a triple-
groove band brake. Table 1 gives the main specifications
of the band brakes used in the tests. The test conditions are
given in Table 2. Figure 2 compares the p -V
characteristics obtained when the drum rotated in the self-
energizing direction. The one-groove band brake shows a
decline in braking torque, compared with the three-grove
band brake, in the initial engagement period when the
rotational speed of the drum started to decline. This
indicates that the friction coefficient in the initial
engagement period (u i) is influenced by the number of oil
grooves.
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Table 1 Specification of test band brakes

Outer diameter of drum 169 mm
Band strap |Thickness 0.5 mm
Width 40 mm
Material S65CH
Facing Thickness 1 mm
Material Paper
Lubricant ATF (DEXRON-1I')
Number of grooves (n) 1 3
Groove width (w) 3 mm 2 mm
Drain port diameter (d) 3 mm 2 mm
d
Expanded view of band "
Facing area
Number of grooves: 1
,€1500 — g
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Flywheel rotational speed (rpm)

Table 2 Test conditions

Oil temperature 40°C
Initial rotational speed 1247 rpm
Flywheel inertia 0.203 kgm®
Applied force 588 N
Oil volume 0.7 1 (oil bath)

Number of grooves : 3
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Fig. 2 Braking torque according to the shapes of the grooves (4001 )
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3.2, Correlation between band facing width and

u -V characteristics

Three band brake specifications were prepared
without any oil grooves and having a respective band
facing width of 40, 20 and 10 mm, as shown in Table 3.
Using these band brakes, the correlation between the
band facing width and p -V characteristics was
investigated.

Figure 3 shows the y -V characteristics measured for
the 40-mm and 20-mm band facing widths when the oil
flow rate was varied over a range of 0.5-5 L/min at an oil
temperature of 3000 . With the 40-mm-wide band facing,
as the rotational speed of the drum increased, the region
of an increasing friction coefficient of the band brake
(i.e., a region of fluid lubrication where viscous friction
was dominant) expanded toward the low rotational speed
side as the oil flow rate increased. At an oil flow rate of
2 L/min or greater, a friction coefficient indicative of a
boundary lubrication condition is not observed until the
rotational speed of the drum falls below 500 rpm.
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Table 3 Expanded view of test bands

On the other hand, with the 20-mm-wide band facing, the
friction coefficient was influenced only in the vicinity of a

Facing width

40 mm

20 mm

10 mm

Band strap
width
Lst=40 mm

drum rotational speed of 2,000 rpm at the onset of

engagement. Figure 4 compares the u -V characteristics of
the 40-, 20- and 10-mm-wide band facings under a

Outer
diameter of drum

169 mm

condition of an oil flow rate of 1 L/min. The results
indicate that, with a narrower band facing width, the

Drain port

None

friction coefficient becomes almost constant and does not

Oil temperature: 300

depend on the drum rotational speed.

Facing area

Oil temperature: 3001

Applied force: 314N | ___ g ; Applied force: 314 N
" - > I/m!n Width of band
. ) facing: 20 mm
01 facing: 40 mm . 1 l/min 0.2 ,
g —o— 0. l/min |
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Rotational speed of drum (rpm)
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Fig. 3 Relationship between p -V characteristics and oil flow rate

Oil temperature: 3000
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Fig. 4 Relationship between p -V and facing width
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3.3. Numerical analysis of oil film thickness in
initial period of band brake engagement

The experimental results presented in subsections 3.1
and 3.2 showed that the friction coefficient in the initial
period of band brake engagement is under a condition of
boundary lubrication and is influenced by the oil film
thickness between the band brake and drum. Therefore,
an attempt was made to determine the oil film thickness
(h) between the band brake and drum right after
engagement by numerical calculations. Figure 5 shows
the calculation model used.

Because the width of the band brake is extremely
short relative to its circumferential length, the oil film
thickness between the band brake and drum can be
expressed with the following equation by applying the
Reynolds equation for approximating an infinitesimal
width.

d( dp dh
s pe
dz( dzJ e (1)

where z is the coordinate of the band width, h is the
oil viscosity,w is the angular velocity of drum rotation
and 6 is the angle from the anchored end of the band
brake.

The following assumptions were made for performing
the calculations.

(1) Band tension is uniform around the entire band right
after the onset of engagement.

(2) Oil inflow and outflow due to the porosity of the
band facing is ignored following the onset of
engagement.

(3) The oil film thickness is uniform across the width of
the band and can be treated as the mean thickness,
taking into account surface roughness.

The oil film pressure on both sides of the facing (z=% L)
is given by the following expression under a boundary
condition of atmospheric pressure:

p=0(Z =+L) 2

Integrating Eq. (1) under this condition yields the
following expression:

3nw dh ) )
Z )= —\Z “ -1L 3
pZ)= =575 ( ) (3)
Moreover, because the mean oil film pressure across the

width of the band facing must balance the radial
component of the band brake tension,

L Fs
o a-t g
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where Fs is the force applied by the band servo piston
and R is the drum radius.

Substituting Eq. (3) into Eqg. (4) and solving the resultant
expression produces

dh h’Fs
= 3 ()
dé 4nL"Rw
Integrating Eq. (5) yields
B ——— 6
Jald + C ©

wherea =Fs/2n L3Rw and C is an integration constant.
Letting h(0) = hO (experimental value) denote the oil
film thickness in the vicinity of the anchored end, the oil
film thickness in the circumferential direction of the
band brake h(B ) can be determined with the following
equation:

hy

ho)= ——to
Vah,'0 +1

In addition, the mean oil film thickness (hm) around the
entire band in relation to the angle of contact (B ) of the
band brake is given by

-;—L" hd 6
aﬂzho {,/ahozﬁ +1 - 1}

Figure 6 shows the calculated results for the
relationship between the band facing width and the mean
oil film thickness. As the band facing width increases,
the mean oil film thickness also increases. This is due to
the combined effect of a decrease in facing contact
pressure as the band facing width increases and an
increase in the amount of oil (increase in h) drawn into
the clearance between the facing and drum at the same
oil flow rate.

Figure 7 shows the calculated results for the
relationship between the force applied to the band brake
and the mean oil film thickness for a band brake with a
40-mm-wide facing. The results indicate that the mean
oil film thickness increases sharply when the force
applied to the band brake is reduced.

(")
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Qil flow rate: 11/min

T Oil temperature: 300
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2 P
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3 N

< 0.02 v
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3 0 5 10 15 20 25
=

Half width of band facing (mm)

Fig. 6 Relationship between facing width and mean oil
film thickness (calculated)
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Fig. 7 Relationship between mean oil film thickness and
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Table 4 Test conditions

Drum rotational speed
during band engagement
Drum rotational direction de-energizing
Applied pressure 0.2 Mpa

Oil flow rate 2 l/min

Step 1: Full engagement
Exposure time: 20sec

Step 2: Engagement at drum
rotational speed of 230 rpm
Exposure time: 6 sec

Step 3: Disengagement
Exposure time: 10 sec

230 rpm

Measurement pattern

4. Analysis of Band Brake Disengagement
Characteristics

4.1. Observation of band brake disengagement
behavior
An observation was made of band brake behavior after

the force applied to the band brake was released under a
condition where the drum was rotating in the de-
energizing direction at a speed of approximately 200 rpm
with the band brake engaged. The test conditions are
summarized in Table 4. Marker pins were attached at
three locations around the band strap. Their movement
was recorded with a video camera in order to analyze
band brake behavior.

The test rig used is shown schematically in Fig. 8. A
time history of the change in drag torque following band
brake disengagement was also measured simultaneously.
This analysis made clear that the following
characteristics typify the post-disengagement behavior of
a band brake with poor disengagement performance.

(1) The band brake remains in contact with the drum and
moves in its direction of rotation following release of
the engaging force.

(2) As a result, the bracket at the anchored end of the
band brake comes loose from the anchor bolts,
increasing the clearance between the band brake and
drum in the vicinity of the anchored end.

(3) Under that condition, the drag torque of the band
brake is around 5 N-m, which is larger than usual.

(4) By the time the drag torque returns to its usual level
(approximately 2 N-m), the bracket at the anchored
end has moved slightly in the opposite direction of
drum rotation, and the clearance between the band
brake and drum has increased from the anchored end
to a point more than 90° around the circumference of
the band.
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Fig. 8 Test rig for investigating of the band release characteristics

glioobobobobobooooooooooon
ugobooobouooobooooboooood
uboboobood

gz200b0o00ooogoooooooooobobbooo
oooboooobooooboooobooooog
oogoboodoboooooooooboogooog
ooo

g3poboboboboobooooooooooon
gosNnmOOO0Oooooogoog

4000000000000 2NmO0D000DODODO
goboooobooobooobooooboo
gobooooooboobboooboooo
gbobobobogobooobogesnobobon
gobooobouoooboooobooobood
good

42N BT L —FBEBED/NY B - B S ARHER
EFAE
gooooobbobbsgooooeouooon
gobooobo2000b00b00bomooe
gobbodooobobooobboooobooo
O00OFrgoOODOODOODOODOODOO
O00OFRglOOODODOOODOOOODODOOD
gobooboooobooboooobg
goooooooooboboobDbDbDbbobo
goboooboobboobobioboooooon
gobogoobogzroobboobooboooon
gobbooooobooooobooooooogon
gobooooobooobboooobboogon
gobooooooobooon

_58_

4.2. Measure ment of oil film pressure between
band and drum at band brake disengagement
The oil film pressure between the band and drum was
measured at two points in the center of the band facing at
three places, spaced at equal intervals of approximately
90°, around the circumference of the band brake,
making a total of six measurement locations. Figure 9
shows the locations where the oil film pressure was
measured. The oil film pressure measured at each
location upon disengagement of the band brake is plotted
in Fig. 10. A region of negative oil film pressure begins
at a point approximately 180° from the end of the band
brake on the servo piston side and the maximum
negative pressure occurs at 270° . Accordingly, it is
inferred that the negative oil film pressure in this region
causes drag torque following disengagement of the band
brake.

Pressure sensor

Facing

Groov Pressure sensor
\

X
L ]

@J:ation

\ ;} .

X
[]

Servo piston side

° direction

Anchor side _ Servo
“piston

rod

Expanded view of band

Fig. 9 Arrangement of the pressure sensors
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5. Conclusions

(1) Friction characteristics in the initial period of band
brake engagement are influenced by the oil film
thickness between the band and drum. A more stable
M -V characteristic is obtained with a narrower band
facing width and with a larger number of oil grooves.

(2) The oil film thickness between the band and drum in
the initial period of band brake engagement can be
estimated with a Reynolds equation for
approximating an infinitesimal width.

(3) It can be inferred that the negative film pressure in a
region near the anchored end is the cause of
excessive drag torque right after band brake
disengagement.

A cknowle dgments

The author would like to thank T. Yamazaki at
Nissan Motor Co.'s Powertrain and Environment
Research Laboratory, R. Akasaka at Nissan Motor Co.'s
Testing and Technical Service Department and
numerous other individuals for their invaluable advice
and cooperation in connection with this research.

References

(1) M. Mori, et al., "Research on the Friction
Characteristics and Durability of the Band Brake for
Automatic Transmissions," Preprint of JSAE
Autumn 1994 Conference, No. 944 (1994) (in
Japanese).

(2) Y. Kato, et al., "Analysis of Oil Film Behavior on the
Friction Surfaces of a Multiplate Clutch and Band
Brake in an Automatic Transmission," Transactions
of JSAE, Vol. 26, No. 1 (1995, 63-67 (in Japanese).

m [J Author =m

Yoshiaki KATO



A - S

BEROTST74I1CLKBINIV N/ A4 XS SR

A coustic Holography Analysis of Radiation Noise Caused by CVT Belt Noise
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performance of a steel-belt CVT for front-wheel-drive
cars, one aspect that differs from ordinary ATs s the noise
caused by the steel belt that is a core component of the
transmission. High-frequency noise induced by the CVT
belt is radiated locally from the transmission case. In the
early stage of CVT development, it is necessary to identify
the source of such noise accurately in order to shorten the
development period. We applied acoustic holography to
addressthisissue. Asaresult, the noise source onthe CVT
case was accurately identified and effective improvements
were implemented quickly. This paper describes the
experimental apparatus and measurement method used and
the experimental results obtained.
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1. Intr oduction

Belts made by Van Doorne's Transmissie b.v. (VDT)
are used in steel-belt CVTs fitted on front-wheel-drive
cars. The CVT belt consists of two sets of steel bands to
which approximately 400 steel elements are attached.
The meshing of the belt gives rise to high-frequency
noise at approximately 4 kHz even in a vehicle speed
range of 20-30 km/h, with high meshing orders due to
the large number of elements. This noise tends to
become a problem in the vehicle interior.

Key aspects of this belt-induced noise are the
excitation force of the belt itself and CVT case
sensitivity. With regard to the former aspect, the
vibration characteristics of the belt alone can be
evaluated, making it possible to confirm the influence of
the belt itself on noise.®

Transmission case sensitivity is greatly influenced by
membrane vibrations originating from the case geometry
owing to the high frequency of belt noise. A further
problem is the fact that the case surface acts as a local
noise source. In order to shorten CVT development lead
time, it is necessary to identify noise sources quickly and
to apply effective control measures at those places.

However, based only on radiation noise
measurements made at locations close to the
transmission, it has not been possible to identify noise
sources accurately in evaluations performed previously.
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Moreover, studies of noise control measures have involved
the building of prototype units incorporating
improvements based largely on finite element analysis
(FEA) results and prior experience. Such units have then
undergone testing to verify the effectiveness of the
modifications. In some cases, sufficient noise reduction
effects have not been obtained, thus requiring additional
time for re-examination, building of prototype units again
and further verification testing. This is all attributable to
an inability to identify noise sources with sufficient
accuracy. Accurate identification of noise sources is
therefore indispensable to increasing development work
efficiency. Radiation noise was analyzed in this study by
acoustic holography, a technique thought to be effective in
identifying noise sources. This technique is compared here
theoretically with the conventional acoustic intensity
method, and the experimental results obtained with
acoustic holography are also described.

2. Acoustic Measurement Techniques

2.1. Acoustic intensity

The concept of acoustic intensity measurement is
illustrated schematically in Fig. 1. Two microphones are
separated by a distance d. An acoustic wave front that
arrives at microphone A reaches microphone B at a certain
time difference. By using that time difference information,
the direction of sound propagation can be judged and the
magnitude of the sound component along the microphone
axis can be calculated. Letting p,(t) and p,(t) denote the
sound pressure at microphones A and B, respectively, the
particle velocity v (t) and average sound pressure p(t) can
be given by Egs. (1) and (2), wherep indicates the air
density.

O (LGB0 )

py= 2220 @

As shown in Eq. (3), acoustic intensity | is found by
multiplying the average sound pressure and the particle
velocity and taking a time-averaged value.

I=p(tw@) ©))

Although noise sources can be identified on the basis of
acoustic intensity measurements, the following problems
have occurred.

(1) The two-microphone method of measuring acoustic
intensity does not necessarily provide high
measurement accuracy because the particle velocity is
approximated on the basis of sound pressure
differences.

(2)The measured results cannot be applied to
computational prediction of the sound pressure
distribution or other similar quantities.




JATCO Techical Review

No.3 (June, 2002)

(CVT Case)

Sound propagation

Fig. 1 Acoustic intensity measurement
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Fig. 2 Acoustic holography measurement

2.2. Acoustic holography

In contrast, acoustic holography is a highly accurate
measurement technique that does not include any
approximations. This method involves the use of one
reference microphone and several microphones placed in
the measurement plane. Acoustic information in a sound
field (measurement plane) near an acoustic radiator is
measured as a hologram. The signal is processed in the
spatial frequency domain (k-space) by means of the two-
dimensional Fourier transform, and the result undergoes
an inverse Fourier transform operation to visualize the
vibration state of the radiator. A schematic of the
measurement concept is shown in Fig. 2. The distance
between the microphones d and the distance between the
microphones and the hologram surface (noise source) D
are given by Eqgs. (4) and (5), respectively.

min_ _ ¢

2 2f.
d<D<2d

(4)
Q)

where c is the speed of sound and fmax is the maximum
measured frequency.

An acoustic hologram is obtained by converting
{sound pressure and time} data obtained at each
measurement point to {sound pressure and measurement
plane} data at each sampling point. This is subjected to a
two-dimensional space Fourier transform operation,
which results in what is called a k-space representation
of the acoustic hologram. A velocity propagator is then
applied to propagate the representation in the reverse
direction from the measurement plane to the vibration
plane, which results in a k-space representation of a
velocity hologram at the vibration plane. The velocity at
the vibration plane can be reconstructed from Eq. (6).@

v, (v, y,2)=F [Pk, k,,2)G," (k,.k,,z-2)]  (6)
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This expression is the fundamental equation of acoustic
holography, where F* is the inverse Fourier transform,
GnB is the velocity propagator for reverse propagation
and P is the sound pressure.

If a k-space hologram of vibration radiated from a flat
plate is propagated in the forward direction, it is possible
to find the sound pressure, particle velocity, sound power
and acoustic intensity at any arbitrary point, including
locations outside the measurement plane.

3. Experimental Application to CVT Belt-induced
Noise

3.1. Flow of experimental work

As the first step, the level of radiation noise induced
by the steel belt with the present case was measured at a
measurement point near the CVT. Based on the
frequency characteristics, the level of each peak
frequency was confirmed and the problem frequency
was identified.

An acoustic holography measurement was then made
using an experimental setup consisting of one reference
microphone and several measurement microphones, as
shown in Fig. 3. The noise source in the problem
frequency range was identified on that basis. A CVT
case incorporating a measure to suppress noise at that
location was then examined and built. Measurements
were then made for the original case and the improved
case to confirm the effectiveness of the modification
made.

Case Radiation
Noise [dB-A]

e Frequency fﬁgﬂ

Fig. 4 Belt-induced noise in motor dynamometer

3.2. Experimental results

The measured results for the original CVT case
showed that belt-induced radiation noise displayed a
large peak in the vicinity of 4.2 kHz (Fig. 4). An acoustic
holography measurement was then made at that peak
frequency.
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In the sound pressure map of the measurement plane
in Fig. 5, several places (indicated in red) show a high
sound pressure level, making it impossible to identify the
noise source. However, as a result of combining this map
with the intensity map (Fig. 6) and the vector map (Fig.
7) of the measurement plane, it was possible to narrow
the location down to the center of the case and to
identify the noise source with good accuracy.

4!F“F
|

| BN
1151 B} 9
| HH

Fig. 8 Calculated sound pressure map of case surface (original)

An attempt was then made to probe the noise source
further by finding the sound pressure at arbitrary
locations based on the measurement plane results. This is
one of the outstanding capabilities of acoustic
holography. From the measurement plane results, a
sound pressure map was calculated up to the surface of
the CVT case (Fig. 8). That allowed the noise source to
be pinpointed in the center of the case, as was done with
the intensity map.

Having inferred from the results that the noise source
was in the center of the case, a prototype case was built
in which a noise control measure was applied to the case
center.

_ (3 41 —
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As a result, the belt-induced noise level measured for the
prototype case was improved in the vicinity of 4.2 kHz
(Fig. 4.). An intensity map (Fig. 9) and a vector map
(Fig. 10) of the measurement plane for the improved
case also confirmed that the noise source previously seen
in the center of the case had been eliminated.

Thus, acoustic holography made it possible to
identify the noise source accurately and to implement an
effective measure to remove it.
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Fig. 10 Vector map of measurement plane (improved)
4. Conclusion

Acoustic holography was applied to address noise
induced by the steel CVT belt, representing a problem of
high-frequency radiation noise. This technique facilitates
computational prediction of sound pressure, intensity
and vector maps and other quantities at arbitrary
locations in and outside the measurement plane. As a
result, it was possible to identify accurately the noise
source on the surface of the CVT case and to make a
suitable improvement quickly.

Finally, the authors would like to thank many
individuals for their invaluable support in connection
with this work.
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Summary JATCO was the first in the world to
implement a toroidal continuously variable transmission
(CVT) on a production vehicle in 1999. Toroida CVTs
have been highly acclaimed by users for their smooth,
responsive driveability and excellent fuel economy.
This paper describes the approach taken to expand the
shift ratio range of atoroidal CV T within the limited size
allowed. It aso discusses a method for improving fuel
economy further in comparison with conventional ATSs.
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1. Intr oduction

One feature of CVTs is their outstanding fuel
economy. The toroidal CVT in particular can be applied
to cars with a large-displacement engine, making it
possible to improve their fuel economy further.

This paper describes the potential for further
improving the fuel economy of future CVTs by changing
the specifications of the variator. The unit described here
is based on our JROOGE toroidal CVT that has already
been commercialized.

2. Specification Analysis of Variator Unit

In this chapter, we will show future possibilities
discussing specification analysis of the variator unit
considering improving fuel economy.

Obviously fuel economy will be improved if the
variator's efficiency is increased. We can expect better
fuel economy with wide ratio coverage because of the
low engine rotation speed. Unfortunately, the wide ratio
coverage and high efficiency is incompatible if we
design the variator with the limited cross section size
that is decided by the vehicle design.
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k=e0/R: Cavity aspect ratio

Fig. 1 Half-toroidal type variator
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We will show you one result of parameter study to
indicate the relationship between ratio coverage and the
variator's efficiency with limited cross section size.

2.1. Condition of the study

1) Design traction coefficient value is 5% higher than
current marketed unit.

2) Design maximum contact pressure is 5% higher than
current model.

3) Concept of the unit is dual cavity same as current
model.

4) Torus diameter is 132mm same as current model.

5) Input disc diameter is 155 mm same as current model.

6) Output disc diameter is 158mm same as current
model.

7) Transmission maximum input torque is 450 Nm.

As the dual cavity toroidal CVT is suitable for rear
wheel drive vehicles, size limit is considered mainly for
cross section direction. If we have to consider axis
direction length, the cavity radius should be one of the
conditions.

2.2, Process of specification analysis

The 3 biggest numbers to decide the variator
specifications are torus diameter, cavity radius and the
half cone angle. At first, in this study the torus diameter
was fixed at 132mm. We changed the cavity radius from
R40mm to R48mm. The cavity aspect ratio k was
automatically decided. Then the half cone angle was
changed as a parameter for each cavity radius. We can
get a maximum ratio coverage according to the
aforementioned conditions. Table 3 indicates calculation
results for each cavity radius and the half cone angle.
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Table 1 Ratio coverage at each specification

Half cone angle (deg.)

Cavity radius R(mm) | Cavity aspectratiok | 57 | 575 ] 58 [ 585] 59 [ 595] 60 [ e05] a1 [615] 62 [ 625
40 0.65 4.848 [4.867 [4.873 [4.891 [ 4.899 [4.905 [ 4.802 [ 4.703 [ 4.606 [4.499 [ 4.396 [ 4.203
41 0.6098 5.155 | 5.176 | 5.182 | 5.201 | 5.206 [5.214 | 5.102 | 4.978 | 4.871 | 4.755 | 4.639 | 4.528
42 0.5714 5335 | 5.457 | 5.462 | 5.485 | 5.490 | 5.484 | 5.362 | 5.229 | 5.110 | 4.983 [ 4.857 |4.736
43 0.5349 5213 | 5331 | 5.463 | 5.587 [ 5.713 | 5.778 | 5.698 | 5.566 | 5.421 | 5.281 | 5.143 | 5.010
44 0.5 5.166 | 5.282 | 5.414 | 5.549 | 5.687 | 5.814 | 5.869 | 5.862 | 5.763 | 5.607 | 5.454 | 5.306
45 0.4667 5.072 | 5.198 |5.327 | 5.461 [5.597 | 5.735 | 5.880 | 5.947 | 5.918 | 5.904 | 5.874 | 5.695
46 0.4348 5.091 |5.230 | 5.361 | 5.508 | 5.646 | 5.787 [ 5.931 | 5.995 [ 5.975 | 5.954 |5.933 | 5.898
47 0.4043 4.870 | 5.004 [ 5.141 [ 5.283 [5.429 [ 5.564 [ 5.718 | 5.862 [ 6.010 | 5.983 | 5.955 | 5.929
48 0375 4.542 | 4.667 | 4.807 | 4.940 | 5.077 | 5.219 | 5.363 | 5.512 | 5.667 | 5.810 | 5.971 | 5.938

Table 2 Maximum spin at each specification
Half cone angle (deg.)

Cavity radius R(mm) | Cavity aspect ratiok | 57 | 57.5 | 58 | 585] 59 | s95] 60 | 605] 61 | 61.5] 62 | 625
40 0.65 0.1208 [0.1345 |0.1481 [0.1617 |0.17520.1887 |0.2021 [0.2154 |0.2287[0.2420 |0.2552 [0.2684
41 0.6098 .14690.1601 0.1733 [0.1863 [0.1994[0.2123 [0.2253 [0.2382 0.2510]0.2638 |0.2766 [0.2894
42 0.5714 0.1719]0.1846 |0.1973[0.2099 |0.2224{0.2350 |0.2475 02599 |0.2723[0.2847 |0.2970 03094
43 0.5349 0.1956 |0.2078 [0.2201 [0.2322 [0.2444 |0.2565 |0.2685 [0.2806 [0.2925 |0.3045 |0.3164 |0.3284
44 0.5 0.2183 |0.2301 [0.24190.2536 [0.2653 |0.2770 |0.2887[0.3003 [0.3119|0.3235 [0.3350 [0.3465
45 0.4667 0.2399[0.2513 |0.2627(0.2740 |0.2854 0.2966 [0.3079 03191 |0.3303 [0.3415 [0.3527 03639
46 0.4348 0.2606 [0.2716 |0.2826[0.2936 |0.3045 [0.3154 |0.3263 [0.3372]0.3480]0.3589 [0.3697 |0.3805
47 0.4043 0.2804[0.29110.3017]0.3123 |0.3228 [0.3334 |0.3439 |0.3544 |0.3649 |0.3754 [0.3859 [0.3963
48 0375 0.29940.3097 |0.3200 [0.3302 |0.3405 |0.3507 |0.3608 |0.37100.3812 |0.3913 |0.4015 |0.41 16
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Then we calculated spin magnitude at the contact
point between power roller and disc. It is well known
that losses at the variator consists mainly of spin losses
at contact points and power roller thrust bearing losses.
As the latter one does not change dramatically, we focus
on the spin losses. We can evaluate the variator's
efficiency with spin magnitude. The spin magnitude can
be calculated with cavity aspect ratio, half cone angle
and attitude angle. As maximum spin is generated at 1:1
variator ratio, we may observe it to represent the
variator's overall efficiency. Table 2 shows maximum
spin magnitude at 1:1 variator ratio.

2.3. Results of the study

Figure 2 shows calculation results. The maximum
spin magnitude at each ratio coverage is indicated with
the parameter cavity radius. As you can see in figure 2,
with a fixed torus diameter, a large cavity radius can
provide wide ratio coverage. On the other hand, spin
losses were increased by the large cavity radius.

In the condition that we have set, if we want a wider
ratio coverage than 5.8, the spin losses increase
exponentially. Even if we accept high spin losses, there
is a barrier at 6.0.
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We can observe the best half cone angle that obtains
the widest ratio spread for each cavity radius with fixed
torus diameter. The reason why the shapes of the curves
are different to each other is because of the conditions
that limit the ratio spread. The conditions are contact
pressure in some cases and limitation of the radius of
contact point in other cases. We pick up the
specifications that can achieve the widest ratio spread.
Table 3 is the summary of the calculations to pick up the
best specifications at each cavity radius.
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Fig. 2 Correlation of maximum spinnig magnitude and ratio coverage at each cavity radius

Table 3 Best specification at each cavity radius

No. | Torus diameter (mm)| Cavity radius RO (mm){ Cavity aspect ratio k | Half cone angle (deg.) | Ratio coverage
1 ¢ 132 40 0.65 59.5 4.905
2 ¢ 132 41 0.6098 59.5 5.214
3 ¢ 132 42 0.5714 59 5.490
4 ¢ 132 43 0.5349 59.5 5.778
5 ¢ 132 44 0.5 60 5.869
6 ¢ 132 45 0.4667 60.5 5.947
7 & 132 46 0.4348 60.5 5.995
8 ¢ 132 47 0.4043 61 6.010
9 ¢ 132 48 0.375 62 5.971
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2.4. Variator's efficiency calculation result

We now calculate the variator's efficiency including
power roller thrust bearing losses. The efficiency
calculations are made from the following: low ratio, 1:1
ratio, high ratio and input torque(20Nm thru 450Nm).
Figure 3 shows a typical result using a cavity radius of
43mm. As indicated by figure 3, high efficiency at a
relatively low load, which is often used in normal
driving is one of the features of this transmission.

In these calculations, the specification of the power
roller is fixed, for example when the thrust forces
increased the loss torque is increased. Technically the
specification of the power roller design should be
optimized. But, because the difference of the loss is very
small, we can use the same specification for this
calculation. Table 4 shows the variator's efficiency for 9
cases at 2000, 4000 and 6000rpm with a 450 Nm input.
Figure 4 shows the efficiency curve at 2000rpm. When a
wider ratio spread is required, the variator's efficiency
gets worse. This is prominent at the high ratio position.
Only with a narrow ratio spread at the high ratio position
can zero spin be achieved. You may wonder why there is
no zero spin point at the low ratio position. To prevent
excessive contact pressure at the low ratio position we
must not rotate the power roller to a geometrically low
zero spin position.

In the next chapter we will discuss vehicle fuel
economy using the above-mentioned result.

100 ——
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Efficiency (%)
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84 |
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Fig. 3 Transmision efficiency of R = 43mm (2000rpm, High Ratio)
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Fig. 4 Correlation of transmission efficiency and ratio coverage (2000rpm, 450Nm)
Table 4 Calculation result of transmission efficiency
Variator efficiency (450Nm)
Nin=2000rpm Nin=4000rpm Nin=6000rpm
No. | Ratio coverage || LOW 1:1 HIGH || LOW 1:1 HIGH || LOW 1:1 HIGH
1 4,905 93,17 | 93.03 | 94.10 || 93.46 | 93.30 | 94.39 || 93.66 | 93.51 94.60
2 5.214 92,82 | 92,70 | 94.37 || 93.00 | 93.00 | 94.65 || 93.21 9323 | 94.86
3 5.490 92.41 92.42 94.32 92.70 92.74 94.60 92.91 92.99 94.81
4 5.778 91.98 | 92.00 | 93.88 || 92.28 | 92.36 | 94.16 || 92.51 92.64 | 94.35
5 5.869 91.60 | 91.59 | 92.80 || 91.92 | 92.00 | 93.12 |[ 92.17 | 92.31 93.35
6 5.947 91.24 | 91.17 | 91.77 || 91.60 | 91.63 | 92.17 || 91.87 | 91.98 | 92.48
7 5.995 90.91 90.79 90.98 91.30 91.29 91.47 91.59 91.67 91.83
8 6.010 90.58 | 90.37 | 90.11 91.02 | 90.92 | 90.70 || 91.34 | 91.34 | 91.14
9 5.971 90.28 | 89.89 | 89.16 || 90.77 | 90.51 89.88 || 91.13 | 90.97 | 90.42
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3. Fuel Economy Stepped AT & Toroidal CVT

It is well known that the variator ratio spread is more
important than the number of gear steps when we discuss
mode fuel economy. On the other hand, the more the
variator ratio spread is increased the more the difference
between two variator ratios is increased. Therefore the
drive-ability deteriorates. Then the stepped AT needs to
increase the number of gear steps to get good mode fuel
economy. For the CVT, the ratio can be changed
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continuously and it will not drift into the above dilemma.
The variator ratio spread can be widened up to the
mechanical limitation. As explained in the last chapter,
there is a possibility that we can get 6:1 ratio coverage
with the toroidal CVT. But, the variator's efficiency will
get worse when the ratio spread is more than a certain
number. When we discuss mode fuel economy, we have
to consider both the ratio spread and the variator's
efficiency. In the case of a stepped AT, the efficiency is
not influenced by ratio coverage. The limitation to the
ratio coverage is rather decided by the planetary gear set
selection.

In this chapter we will explain the result of the
simulations used to evaluate fuel economy for the main
vehicle market, for example, in North America, Japan
and European market. We simulate the toroidal CVT and
stepped AT in the above mentioned market using a
constant condition at each speed. We understand the
need for a suitable ratio coverage that will cover the fuel
economy needs of each market.

3.1. The friction magnitude assum ption
We look at the following friction items separately for
toroidal CVT simulations.
1) Loss at the torque converter
2) Loss at the oil pump
3) Loss at the clutches and the seals as a function of
input disc rotation number and input disc input torque
4) Loss at the variator
5) Loss at the gears and the bearings as a function of
output disc rotation number and torque
Loss at the variator is calculated from efficiency data
that was taken from the last chapter which used a
function of variator ratio, input disc rotation and input
torque. We use a 3dimensional map for the calculation.
The speed of changing variator ratio is given as a
primary delay function and the time constant is given as
a function of variator ratio.
We use the following friction items for the step AT
1) Loss at the torque converter
2) Loss at the oil pump
3) Loss at the clutches, the bearings and the seals as a
function of rotation number and torque
4) Loss at the planetary gear sets for each gear step
For 5-speed and 6-speed step AT, we assume they use
3 planetary gear sets. The skeleton is recent typical
one.
The magnitude of transmission friction loss should be
compared to other available transmission technologies.
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Table 5 Lock-up schedule for each transmission

5speed AT | 6speed AT | Toroidal CVT
Slip lock-up 3rd | 23km/h 23km/h
4th |  40km/h 40km/h
Lock-up 5th | 50km/h 50km/h
6th 50km/h
Lock-up 15km/h
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Fig. 5 Fuel economy of step AT with ratio spread (US market)

3.2, Condition of calcul ation

1) The lowest variator ratio used for any transmission in
this paper is the same, which keeps the acceleration
performance almost the same.

2) The torque converter lock up schedule is listed in
Table 5.

3) The driving modes are USA combined, Japanese
10/15 mode and Europe EC mode

4) For each market a vehicle model is selected that
would be suitable for the toroidal CVT for that
market. The SUV was selected for North America,
and the passenger vehicle was selected for the
Japanese and Europe market. The GVW for these
vehicles are 4185 Ib. (1900kg) and 6388 Ib. (2900kg).

5) The step AT used for comparison was a 6-speed for
Europe and a 5-speed for Japan & North America.

3.3. Calculation result for USA market

Figure 5 shows the calculation results for the step AT
in the US combined mode. When changing ratio
coverage from 5 to 6, The best fuel economy will be
achieved at 5.5 ratio coverage.

Figure 6 is the result of the calculations for the
toroidal CV'T conducted on 9 cases in chapter 2.

As the ratio spread increased, the engine operation
point moved to a better efficiency point. But, the
variator's efficiency got worse rapidly when the ratio
spread was more than 5.8. The best fuel economy ratio
spread is near the 5.8 ratio. In figure 6, a 5 speed with a
5.5 ratio spread is also shown. The toroidal CVT has a
6% fuel economy gain versus the 5peed with a 5.5 ratio
spread in US combined mode.

US combine mode (SUV,GVW2900kg)

Fuel economy (mpg)

Transmission type/Ratio coverage

(= Fuel Boonomy(mpg) —=— Gain of CVT(%)]

Fig. 6 US mode fuel economy of toroidal CVT with ratio
spread and 5.5 ratio spread 5 speed AT
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Fig.8 Fuel economy of step AT (Japanese mode)

Figure 7 shows Fuel economy data at a constant
speed condition for the CVT & step AT. The reason why
the CVT shows better fuel economy below 40 mph is
because of the difference of each torque converter lock
up schedule.

3.4. Calculation result for Japanese mar ket

Figure 8 shows the calculation results for a step AT in
the Japanese 10/15 mode. When changing the ratio
coverage from 4 to 6, the best fuel economy will be
achieved at a 5 ratio coverage. The main reason for this
is because of the lower speed condition used for the
Japanese 10/15 test mode. For the Japanese 10/15 mode
fuel economy, a ratio spread of 5 is large enough.

Figure 9 is the calculation result of the toroidal CVT
conducted on 9 cases in chapter 6. For the same reason
as the step AT, there is a very small difference for the
Japanese 10/15 mode when changing the ratio coverage
from 5 to 6. The best fuel economy ratio spread is near 5.
In this figure, a 5 speed with a 5 ratio spread is also
shown. The toroidal CVT has an approximately 10%
fuel economy gain versus the 5 speed with a 5.5 ratio
spread.

Figure 10 is fuel economy at constant driving
condition in Japanese market.

Japanese 10/15 mode (Sedan,GVW1900kg)
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% of gain
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H
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Fig.9 Japanese 10/15 mode fuel economy of toroidal
CVT with ratio spread and 5 ratio spread 5 speed AT
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Fig. 10 Fuel economy at constant speed driving (Japan)
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Fig. 11 Fuel economy of step AT (EC mode)
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Fig. 12 Europe EC mode fuel economy of toroidal CVT
with ratio spread and 6.5 ratio spread 6 speed AT

3.5. Calculation result for European market

Figure 11 shows the calculation results for a step AT
with an EC mode. Because the average speed is
relatively high, the best fuel economy will be achieved at
a 6.5 ratio coverage. Figure 12 shows the calculation
results in the European market for the toroidal CVT
conducted on 9 cases in chapter 6. When the ratio
coverage is more than 5.8, the variator efficiency and
fuel economy gets worse. This is different than the step
AT. The best fuel economy ratio spread is near the 5.8
ratio. In this figure, a 6 speed with a 6.5 ratio spread is
also shown. The toroidal CVT has approximately a 5.5%
fuel economy gain versus the 6 speed with a 6.5 ratio
spread.

Figure 13 shows fuel economy at a constant driving
condition in the European market. The step AT with a
wide ratio spread of 6.5 shows very good fuel economy
from 50 to 130 mph. Over 130 mph, the fuel economy
gets worse because it can not be operated at the highest
gear.
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4. Conclusions

We can summarize as follows.

1) There is a ratio spread with which we can achieve best
fuel economy for the half-toroidal CVT with the
restriction of size.

2) These ratio spread are less than 5 ratio spread for the
Japanese market and approximately a 5.8 spread for
the US and European market.

3) The superiority of the toroidal CVT to a step AT is
remarkable with a 10% fuel economy gain in Japan
In the US & Europe it is approximately a 5 to 6% gain
due to high speeds.

4) If the high speed is continued to be allowed in Europe,
the toroidal CVT needs to improve to compensate
inferiority of the variator efficiency.

Finally, the authors would like to express their
appreciation to various individuals at NISSAN MOTOR
CO., LTD. Nissan Research Center, Powertrain and
Environment Research Laboratory.
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Development of an Integrated Hybrid Automatic Transmission (IHAT)
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Summary We are developing an electric hybrid drive
system called an integrated hybrid automatic
transmission (IHAT). In the IHAT system, an internal
combustion engine, a motor-generator and an automatic
transmission without a torque converter are connected to
the three members of a planetary gearset. The IHAT is
similar to an integrated starter generator (1SG) system,
but is shorter in length and provides better fuel economy.

This paper describes the structure and functions of the
IHAT and explains the control system used to maintain
smooth driveability.
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1. Intr oduction

Improvement of vehicle fuel economy has become an
increasingly important issue in recent years. One
effective way of improving fuel economy is to adopt a
hybrid system. Hybrid systems can be configured in a
variety of ways, and an integrated starter generator (1SG)
is one configuration that looks promising for mass
production. The fuel economy gain of an ISG system is
relatively small, but because of its simple construction, it
offers the advantage that it can be implemented in
conventional vehicles powered only by an internal
combustion engine by making relatively minor
modifications. Although ISG units have been used for
many years on buses and other vehicles, their recent
application to passenger cars began with the Honda
Insight.

We are now developing a hybrid system, called the
IHAT, that integrates a motor-generator with an AT or
CVT.

2. IHAT Configuration

The configuration of the IHAT system is shown in
Fig. 1. In this simple form, an internal combustion
engine is connected to the ring gear of a planetary
gearset, a motor-generator to the sun gear and the input
shaft of an AT, without a torque converter, to the carrier.
In addition, a lockup clutch directly connects the engine
and AT, and a one-way clutch is used to prevent reverse
revolution of the carrier.

A cross-sectional view of an IHAT test unit for
application to rear-wheel-drive vehicles is shown in Fig. 2.
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Fig. 2 Sectional view of an IHAT test unit for rear-
wheel-drive vehicles

Figure 3 shows enlarged views of the bell housings of
the IHAT test unit and a conventional AT on which the
former is based.

Conventional Tic |CE
AT/CVT q {
—
Housing
Extension TIC
of total length, | qﬂ ICE
[LM,G ]
| HAT :Itlcje"téry gearset I GE
No extension
— >
MIG :|

Fig. 4 Powertrain layouts of the AT/CVT, ISG, and
IHAT for front-wheel-drive vehicles

The IHAT bell housing is exactly the same length as
that of the conventional AT.

To allow easy control of the lockup clutch in this
IHAT test unit, another one-way clutch is provided in
parallel with the lockup clutch.

Figure 4 compares the powertrain layouts of a
conventional AT/CVT, ISG and IHAT for a front-wheel-
drive vehicle. In the AT/CVT layout, a housing
containing the torque converter is installed between the
engine and the case containing the planetary gearset,
clutches, brakes and pulleys.
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Ordinarily, an ISG unit is used together with an
existing transmission, which means the overall length of
the powertrain system is extended by an amount equal to
the motor-generator length, as seen in the figure. This
poses a serious problem, especially on front-wheel-drive
cars. In order to mount the system in a vehicle, either the
transmission or the engine/auxiliaries must be shortened
or the engine compartment must be enlarged.

Because the IHAT system does not have a torque
converter, the motor-generator, lockup clutch and IHAT
planetary gearset can all fit inside the housing.
Consequently, it is relatively easy to mount the system in
a vehicle because the overall length of the powertrain
does not increase very much. Although the overall length
does increase slightly in the case of an AT/CVT
equipped with a recent ultra-flat torque converter, the
amount is insignificant compared with the ISG system.

3. IHAT Functions

(1) Automatic engine start-stop

The engine shuts off automatically to improve fuel
economy when the driver brakes the vehicle to a stop
with the selector lever in the D position (Fig. 5).
Releasing the brake pedal causes the motor-generator to
produce reverse torque, and all the elements start
revolving in the reverse direction from a stopped state.
The one-way clutch then automatically locks up so that
the engine can be cranked and started.

The planetary gearset acts to make the cranking
torque larger than the motor-generator torque. As a
result, the engine can be restarted instantly using just the
limited torque available from the compact motor-
generator unit that allows excellent mountability.

M/G mode: Generating (Reverse revolution)

Fig. 6 Creep capability

(2) Creep capability

Once the engine starts, the motor-generator torque
changes to the positive direction (Fig. 6). The engine
torque and motor-generator torque are then immediately
combined in the planetary gearset and output from the
carrier to the AT to produce driving force, enabling the
vehicle to creep. The motor-generator generates
electricity at this point.
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(3) Venhicle start-off

When the driver presses the accelerator to open the
throttle, the engine starts to produce torque and the
IHAT unit increases the motor-generator torque
according to the engine operating state (Fig. 7). By
suitably controlling the motor-generator torque, the
engine speed is controlled to an appropriate level,
enabling the vehicle to accelerate smoothly.

At a certain point during vehicle acceleration, the
direction of motor-generator revolution changes from the
reverse to the position direction, and the unit switches
from the generating to the propulsion mode. As the
vehicle accelerates further, the motor-generator speed
approaches that of the engine, and when the speeds of
both units become equal, the lockup clutch engages to
directly connect the engine, motor-generator and the
input shaft of the AT (Figs. 8 and 9).

With a conventional AT/CVT or an ISG system,
energy loss occurs in the start-up device, such as a
torque converter, when a vehicle starts off. In the IHAT
system, however, the only losses are electrical ones in
the motor-generator, inverter and battery, with the result
that fuel economy is improved.

M/G mode: Generating (Reverse revolution) —-> Motoring

Motoring
S A
Generating

Fig. 7 Vehicle start-off

Positive direction

y Clutch engagement

n r//
I ———

— Time
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M/G Speed

Engine speed

To Carrier speed
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Fig. 8 Time chart of vehicle start-off
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(4) Direct drive, power assist and regenerative braking

With the lockup clutch in the directly connected state,
the IHAT system operates in the same way as the 1SG
system. When the battery state of charge is sufficient in
ordinary driving, the vehicle is propelled without any
torque output from the motor-generator (Fig. 10). During
acceleration, the motor-generator produces positive torque
to augment the vehicle's power performance (Fig. 11).

M/G mode: Motoring

Fig. 11 Power assist

When the vehicle decelerates, the motor-generator
produces reverse torque that is regenerated to charge the
battery, which works to improve fuel economy (Fig. 12).

M/G mode: Generating (Reverse revolution)

Fig. 13 Electric power generation in D-position
(vehicle is stopped & engine is idling)

(5) Electric power generation

If electric power generation is needed when the
selector lever is in the N or P position or during direct-
drive operation, the lockup clutch engages, causing the
motor-generator to produce reverse torque. When the
driver brings the vehicle to a stop by braking, with the
selector lever in the D position and the engine running,
the reverse-revolving motor-generator produces positive
torque to generate electricity (Fig. 13).
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+36%

(6) Hill-holding capability

One problem that occurs with the ISG system is that a
vehicle can roll backward when a driver tries to take off
again on an uphill grade following automatic shut-off of
the engine. This happens in the interval from the time the
driver releases the brake pedal until the engine starts and
driving force is generated.

With the IHAT system, a vehicle does not roll
backward even with the engine off, so long as the action
of the one-way clutch provides sufficient hydraulic
pressure to engage the AT gears.

Table 1 Specifications of the test vehicle

ICE Type, Displacement Gasolir;é, 6 cylinders, 1,998 cc
Max. torque/Power | 172 Nm@4,400 rpm/96 kW@5,600 rpm
WG Type Permanent-magnet synchronous
Max. torque/Power 122.5 Nm@0-1,000 rpm/41 kW@4,000 rpm
Type Nickel-metal hydride
Battery Voltage | 288V (7.2Vx40modules) |
Max. power 22- kW (0.55 kW x 40 modules)
s | o | emmdeneion
Vehicle curb weight 1,655 kg

4. Fuel Economy Improvement Obtained with IHAT

The effect of the IHAT system on improving fuel
economy was measured under Japan's 10-15 test mode
using a test vehicle. The results showed an improvement
of 36%. Table 1 gives the specifications of the test
vehicle.

The fuel economy improvement was also estimated in
a simulation conducted with MATLAB. A calculation
made for the 10-15 test mode showed an improvement of
37%, which agreed well with the experimental result. A
calculation made for the EC test mode used in Europe
indicated an improvement of 21% (Fig. 15). These
simulations were run under the same conditions as those
of the test conducted with the test vehicle.

{EC mode)

Fig. 15 Fuel economy improvement
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5. Power Performance Obtained with IHAT

Cars fitted with a conventional AT can provide
powerful take-off acceleration, thanks to the torque
amplification effect of their torque converter. While the
IHAT system does not have a torque converter, the
motor-generator torque is added to the engine torque to
enhance acceleration performance.

Figure 16 compares the take-off acceleration
waveforms measured for the IHAT-equipped test vehicle
and for the base vehicle fitted with a conventional AT.

s - \ Torque Half of natural period
Input MG torque '~
with a delay of \_\: - ,
| half of natural -
| period after ICE
\ torque ¥, Timg

Spring displacement 4
=Driving force

AN
oS ><\s>\»» =

Vibration Vibration
caused by caused by
ICE torque M/G torque

Fig. 17 Counter-phase control

Cancel lation

The IHAT test data (black waveform) are inferior to
those (red waveform) of the conventional AT-equipped
vehicle in nearly every speed range. This result can be
attributed to the substantially heavier weight (+280 kg)
of the test vehicle owing to the provisional modifications
made and to the numerous measuring devices installed
onboard. Therefore, a correction was made for a vehicle
weight increase of just 110 kg, and the result is shown as
the blue waveform.

It is seen that the IHAT-equipped test vehicle
achieved a peak G level exceeding that of the torque
converter-fitted vehicle. However, its acceleration
performance subsequently fell below that of the latter
vehicle in the torque conversion range. This is attributed
to the decline in the motor-generator torque at high
engine speed owing to the limited output of the motor-
generator and battery. Once the torque converter-fitted
vehicle entered the coupled range, the IHAT-equipped
vehicle showed superior performance. This is because
the motor-generator continued to provide power assist.

6. ITHAT Jerkiness Problem and Its Resolution

Because the IHAT system does not have a torque
converter, the engine and AT input shaft are always
connected via the planetary gearset. Consequently, a
sudden change in engine torque as a vehicle starts off
can induce torsional vibration in the drive shaft, causing
the vehicle to jerk. A method was therefore developed
for controlling the motor-generator torque so as suppress
such jerky behavior. The control method is outlined in
Fig. 17.
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Engine torque is estimated based on the engine speed
and throttle valve opening, and the motor-generator
torque is manipulated such that it produces vibration at
the same amplitude but in the opposite phase of that
induced by the engine torque. Specifically, a certain gain
is applied to the engine torque and the resulting torque is
input into the motor-generator after the engine torque
and with a delay equal to one-half of its natural period.
As a result, the motor-generator torque produces
vibration that cancels out the vibration induced by the
engine torque, thereby suppressing jerky vehicle
behavior.

Figure 18 is a block diagram of the counter-phase
control procedure, which is shown in the upper block of
the diagram.

Without counter-phase control
a
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25
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Fig. 19 Effect of counter-phase control

The gain to the torsional angle of the drive shaft
differs between the vibration caused by the motor-
generator torque and that due to the engine torque.
Therefore, in order to equalize the two vibrations, the
motor-generator torque is controlled such that it becomes
the value obtained by multiplying the engine torque by
the ratio of the two gains. The gain ratio can be found
analytically as: (motor-generator inertia)/engine
inertia)/(IHAT planetary gearset ratio).

However, because the vibration caused by the
engine torque is attenuated in the half-period interval,
the motor-generator torque is further corrected using a
separate gain value to adjust the amplitude. That gain has
been adjusted on basis of experimental data. The natural
period was also found experimentally.

The lower part of Fig. 18 is the engine speed
control block. Torque for controlling the engine speed is
filtered using the same procedure so as not to cause any
disturbance.

Figure 19 shows the effect of this control
procedure during start-off acceleration at TVO = 4/8.
Jerky behavior is observed in the G waveform without
counter-phase control, but jerkiness was suppressed in
the waveform obtained with this control method.
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7. Conclusion

O Since the IHAT system does not have a torque
converter, the motor-generator can be incorporated
inside the housing. Moreover, a compact motor-
generator can be used because the planetary gearset
amplifies engine cranking torque. As a result, the
IHAT system is relatively easy to install in vehicles
because its overall length does not increase
appreciably.

O The IHAT system has capabilities for automatic
engine start-stop and regenerative braking. Moreover,
because it does not have a start-off element such as a
torque converter, it suffers less energy loss during
vehicle start-off than conventional AT-equipped
vehicles. As a result, a 36% improvement in fuel
economy with the IHAT system was measured under
Japan's 10-15 test mode. A simulation run under
Europe's EC mode showed an estimated fuel economy
improvement of 21%.

O The motor-generator torque provides power assist in
the IHAT system during acceleration. Although the
IHAT system's acceleration performance is inferior to
that of a conventional torque converter-equipped
vehicle in the torque conversion range, it is superior in
the coupled range.

0 While the IHAT system does not have a torque
converter, jerkiness is suppressed by suitably
controlling motor-generator torque.

A

Masaharu MOCHIZUKI
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Summary The JATCO Excellent Production System
(JEPS) refers to the JATCO way of manufacturing. The
scope of this system is not limited to the shop floor, but
also includes the work of semi-direct and indirect
departments. The JEPS activity can be characterized as
follows. It is based on the three pillars of production
control, engineering and shop floor management (" genba
kanri"), and the know-how gained through TOM, TQP
and JIT activities is brought together and used to
improve and standardize the systems involved. This
provides the overall process for pursuing the JATCO way
of manufacturing.

1.IZCHIC

gdddodooooobbobobbbboooooo

gooogooboog
gbobodgboobbgooooaobobd
gobooboobbooboon
gbobuodgbobooobooooo
goboobooooobooo

gobogooodan
goboboooobbooooobbooobboo

gg,gaoboo,oo,0booobooboogn

2. 1250

giigboobooogooobooooobobooan,
gooooboogoo
g20000b00obooboboobobobobobobo
goooooboogn
g3oboboboboobooooooooooon
goboobogboog
ggbooobobooboooo

‘ogoon
Production Control Department

_86_

1. Intr oduction

The following items can be cited as examples of the
requirements placed on our manufacturing way by the
external environment:

O Assurance of profitability during a time of a changing
product mix

O Speed for winning the competition with other
companies

O Improvement of the level of small-lot, large-variety
production

O Establishment of the production system at overseas
plants

This paper begins with an explanation of the
objectives of the JEPS activity and then explains its
current status, desired form, characteristics and examples
of the activities involved.

2. OBJECTIVES of JEPS

The principal objectives of the JEPS activity are:

(1) To strengthen the company's competitiveness and
profit structure by rebuilding the JATCO way of
manufacturing.

(2) To standardize the content of the various activities in
line with the "JATCO-style production system."

(3) To pursue ways of synchronizing the work of the
entire company so as to match developments in the
external environment and among our customers.
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3.1. Activity plan
An outline of the activity plan schedule is shown in
Fig. 1.
First phase:
Activities focused on the flow of materials with the aim
of improving the production system.
Second phase:
Activities to improve the efficiency of semi-direct and
indirect operations.
Third phase: Activities focused on costs

3.2. Current status

Currently, the second phase of the JEPS activity is
beginning, and we are on the way toward our targeted
goals. From the standpoint of the focus of JEPS, the
activities carried out in the first phase were probably the
most important. The starting point of manufacturing is the
shop floor. This is where waste, inefficiencies and the
"bills" of the upstream departments become clear.

The first-phase activities revealed the following issues:

(1) The basic concept of manufacturing is not sufficiently
unified throughout the company. Moreover, there is no
standard process for setting targets with respect to the
production lot size, lead time and other parameters of
production activities.

(2) Staff departments are not fully conscious of the fact
that issues which cannot be resolved solely on the shop
floor must be tackled as problems that concern their
own departments.

(3)On account of the situation in (2), the speed of
improvement is slow.

One issue in particular that is strongly felt in
connection with the situation noted in (2) is the
understanding of the meaning of small-lot, large-variety
production. The provision of a large variety of products to
customers is only natural from the standpoint of being
competitive. It is strictly due to the multiple varieties of
the final product and is not done for the sake of
diversifying the product mix. Having a diversified product
mix greatly affects profitability and competitiveness, as
will be explained later. One key issue here is the
somewhat low level of awareness regarding this point.
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4. Characteristics of JEPS

This section explains the characteristics of the first-
phase activities inasmuch as their concept and method of
execution differed in various ways from the individual
efforts pursued previously to implement shop floor
improvements.

4.1. Profitability
According to a general formula:
profit = price - cost
However, when focus is placed on cost, the following
expression is easier to understood:

cost = price - profit
Price is determined on the basis of the relationship with
the customer. The only way to realize one's target profit
is to achieve the cost figure that results from subtracting
the profit from the price.

In other words, the actions that each department
should take are seen more clearly by indicating how
much the cost should be held down, rather than by
indicating how much profit is to be made. Each factory
prepares its own apportionment chart for setting targets
like that shown in Fig. 2. By increasing the number of
elements for which the cost (profit) can be controlled in
the manufacturing division, structures can be put in place
for generating profit.

In carrying out the actual activities, four major
indexes are set--the factory's gross profit, the ratio of
added value to factory management cost, added value
per employee and the number of days of inventories
needed for regular production activities. These indices
are managed separately at each factory on a monthly
basis.

4.2, Competitiveness

A benchmark comparison of production lead time
with a competitor revealed a difference of approximately
three days (48 hours). This difference is shown
schematically in Fig. 3.
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Fig. 2 Diagram for setting targets
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0obDo0dooooboooooooon The following factors can be cited as the reasons for this

0100000000000 0000000000 difference in lead time.

(1) The lead time between processes (raw materials,
boboboboooooobobooooon machining and assembly) was longer.

gooooooboooood (2) Each line in these processes was optimized
O3MOoooooooooooon separately; the system for achieving one integrated
0400000000000 flow was weak. .
(3) The rules for stopping production were not clearly
O000o00oooDooOoogly/20000000 defined.
0ooDo0o00Do0oDOO00bOO0o0m1/2000000 (4) Production was based on estimated orders.
ooooo0oooooonon As a method of resolving this problem, a "half-shift firm

order production system"” was implemented under which a

Hoo0.0nnoononnoooonoonos half shift (about four hours) was adopted as one control

O000.00000000000000000 span.
oooooooooooooooog Assembly process: Assembles and ships only the
0000000000000 0000 quantity ordered from the customer.

Machining process: Machines and supplies to the
oood assembly process in advance only the quantity ordered
O000.00000o00ooo0oooooooo from the customer, allowing only the lead time needed for

00000000000 oooooon assembly; requests only the necessary quantity from the

0000000000000,000000000 raw materials process. . .
Raw materials process: Supplies to the machining

oooooooooooobonobdboband process only the quantity requested by machining and
dooooooooobboooooog20000 replenishes only the quantity of materials used.
000o000ooo0oo In this way, the lead time between processes was

OooOooOOOTPMOOOOOOOOOOO shortened based on clear rules for carrying out and
stopping production in each process. Although a lead time
Doooooooooooooooossiogdod difference still exists with the competitor, it has been

O00oo0001/2000000012000000 reduced by approximately two days.

0000000000000040000000000 In |mplemen_t|ng thg actual act|V|t|es_, 12 priority items
were defined, including the promotion of efforts to

poobooooon strengthen production foundations based on TPM activities
(e.g., reducing equipment troubles, reducing quality defects
and adhering to the 5 S's), coordinating production with
shipments and adopting half-shift production. These
activities have been promoted on all lines (approximately
400 altogether).
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4.3. Standardization

A weak point of previous improvement activities was
that the system for standardizing procedures was not
sufficient. Consequently, when operating environment
changes occurred, lines that had been expressly
improved often retrogressed to their previous condition.
Moreover, there were aspects where production methods
differed on account of the merger with TransTechnology
Co., Ltd.. It was recognized that JEPS should be used as
a good opportunity to implement unified manufacturing
practices throughout the company.

The approaches taken to advance and standardize

these activities everywhere in the company are shown in
Fig. 4.

Cost meeting

v

Accomplishment
of 4 major indexes

v v

Standardization of activities
* Defining the main activity
* Revising the production

preparation system

JEPS supervisory Production
committee activity

—>

(Staff Section) J
Improving daily working

procedures

Fig. 4 Management of activities
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5. Examples of Activities

This section explains some concrete examples of the
improvement activities implemented. Figure 5 is a bird's-
eye view of JEPS that shows an overall picture of the
activities involved.

5.1. Production coordinated with shipments
5.1.1.Differences from the previous production system
Only the quantity of products ordered by the
customer (planned shipment quantity) is assembled.
Previously, products were produced, kept in stock and
shipped on the basis of estimates for the purpose of
leveling production volumes, among other reasons.

5.1.2.Effects

O The work of replacing products in the shipping area
has been eliminated.

0 Useless product inventories have been eliminated,
thereby doing away with unnecessary containers.

O The rate of straight-through shipments from assembly
lines has been substantially improved.

O Lead time from the start of assembly to shipment has
been shortened.

O The need to prepare an assembly plan for indirect
work has been eliminated.
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5.2, Half-shift production
5.2.1.Differences from the previous production system
This activity mainly applies to the machining lines.
Only the quantity to be assembled during the next half
shift (four hours) in the downstream assembly process is
produced in advance during the previous half shift. Parts
for all transmission models are produced even if multiple
models are involved.
Previously, the main method was to produce parts for
replenishing the inventories of parts used on the
assembly lines that constitute the subsequent process.

5.2.2.Effects

O The parts storage area at the end of the machining
lines stores only the quantity for half-shift production
at the most, enabling more of the area to be used
effectively for production.

O Lead time from the start of machining to the start of
assembly has been reduced.

O Unnecessary inventory management work has been
eliminated.

A model of this firm order production system used on

the machining and assembly lines is shown in Fig. 6.

N-1 Day

N Day

Day First Half

Day Later Half | Night First Half|Night Later Half|

Day First Half

Day Later Half | Night First Half] Night Later Half

A B 8] D
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/[ [ [

Vehicle Asscmbly//

/

AT Shipment _/ /
;
|

.zf./ I / ________/ :

------------ ATIAssemhly /// ' / /f

Machining/ / / /
I i

Fig. 6 Model of firm order production system
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The foregoing examples concern the improvements made
to the production system for each process. The following
are examples of improvements made within the processes.

5.3. Production system of (.10 min/operation

Improvements to the manual assembly lines had also
been implemented previously, but there was no yardstick
for evaluating work efficiencies common to each line on
the basis of individual operations.

In this activity, the units of work motions were
analyzed for each individual operation and a basic unit
was set, making it possible to evaluate the lines and
operations on the basis of a common yardstick.
Specifically, a basic unit of 0.10 min per operation was set
for manual tasks, including walking to the next operation.

In other words, for a production volume of 10,000
units per month, the production cycle time is 2.0 min. In
this case, 2.0 min/0.10 min/unit = 20 units. This means
that one employee can operate the equipment for
producing 20 units.

This system has changed the previous concept of
investment in automation. It also provides greater
freedom for organizing work teams to cope with
production fluctuations. It has mainly been applied to the
machining lines. A specific example of this approach is
shown in Fig. 7.
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0.1 min/operation Manual line operation/Hour (before revision)
Picking [Removing |Installing

Line |Parts Parts Parts Switching |Walking |Total
1 0.02 0.08 0.06 0.03 0.07 0.26
2 0 0.03 0.03 0.02 0.05 0.13
3 0 0.08 0.07 0.03 0.07 0.25
4 0.02 0.03 0.03 0.02 0.05 0.15
5 0 0.08 0.07 0.03 0.07 0.25
6 0 0.03 0.05 0.02 0.08 0.18
7 0 0.08 0.06 0.03 0.07 0.24
8 0 0.03 0.03 0.02 0.08 0.16
9 0 0.08 0.06 0.03 0.07 0.24
10 0.02 0.03 0.03 0.02 0.04 0.14
Total 0.06 0.55 0.49 0.25 0.65 2
Average| 0.006 0.055 0.049 0.025]0..065 0.2

Required cycle time = 1 min/unit

Manpower = Total time/required cycle time = 2 min/1 (min/unit) = 2

l Major Shorten the distances between the lines
Improvements  |Fixing the location for picking parts, etc.
Picking [Removing |Installing
Line |Parts Parts Parts Switching [Walking | Total
1 0.02 0 0.04 0.04 0.1
2 0 0 0.03 0 0.05 0.08
3 0 0 0.06 0 0.05 0.1
4 0 0 0.03 0 0.04 0.07
5 0 0 0.07 0 0.03 0.1
6 0 0 0.05 0 0.05 0.1
7 0 0 0.06 0 0.04 0.1
8 0 0 0.03 0 0.05 0.08
9 0 0 0.06 0 0.04 0.1
10 0.02 0 0.03 0 0.04 0.09
Total 0.04 0 046 0 043 0.93
Average 0.004 0 0.046 0 0.043 0.093

Required cycle time = 1 min/unit

Manpower = Total timer/required cycle time = 0.93 min/1 (min/unit) = 1

Fig. 7 Analysis sheet of work task times
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Katsumi MAKINO

6. Conclusion

The foregoing discussion has outlined the JEPS
activity. Yet this concept of the "JATCO way of
manufacturing” is still far from taking root in our
corporate culture. The true acid test still lies ahead. In
essence, the JEPS activity involves translating the
principles and ideals underlying this concept and theory
into actual behavior and working procedures.

With the JEPS activity as our slogan, we want to
promote efforts that enable everyone in the company to
direct their capabilities toward a common vector.

Finally, we would like to thank A. Takahashi,
Specialist Contract, and the other members of Nissan
Motor Co.'s DOUKISEISAN Promotion and Supplier
Support Group for their valuable instruction and advice
concerning the promotion of this activity.

Hiroyoshi OGAWA
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Downsized version of The New Drawing Manage ment System
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Hitoshi TAKADA

¥ & 0000O00O0OOCOOOOOOCOOOOOO
CADOOODOCOCOOODODOOJUMPSI JATCO Unit
Material Parts SystemO0 OO0 0OOO0O00ODOCO
0000000000000 000O000OoOO0O0
OO0O0O0O0OCADODOODOOOOODOOOOJEDRIS
O JATCO Engineering Data Retrieval Improvement Share[JJ
00000o00O0O000oooOOo0oOooooooooo
0000000000000 00DOooO0O0oODoooo
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Summary The Drawing Management System was
developed for managing CAD data on the host computer
in collaboration with JUMPS (JATCO Unit Material
Parts System) in order to facilitate the borrowing and
returning of master drawings. A downsized version of
the Drawing Management System has been newly
developed along with downsizing the CAD system and
developing JEDRIS (JATCO Engineering Data Retrieval
Improvement Share). This paper mainly describes the
background behind the development of this new version,
its features and the connection with JEDRIS.

(NE402. ]t

A
1.1. 8=

0 O O 0O CADd Computer Aided Design00 0 0 0O O
SO0 0000000000000D0OD0OOOCADAMO
000000000 O0OOoO0DbOO30000cCcAD-ID
ODO0o00O0DOocADODODODOOOOCADDOOD
ooooooon

91000000000 0000CADAMODOODO
OO00OCAD-IDOODODOODOOOOODOOD
CAD-IDDODDOO0O0OO0OOOOODODOODODODO
000000000 oDoDooooDooooDoon
000000000 o0DO0o0oDO0oOooDoDogn
gogooooooogopoz200cADODOODOOn
oo0oooooooon

CAD System Mainframe

1. Introduction

1.1. Background

The use of computer-aided design (CAD) at JATCO
began with CADAM on the host computer that was
installed in 1985. Three years later, CAD-Il was
introduced and these two CAD systems were
subsequently used in parallel as our principal CAD tools.

In 1991, Nissan Motor Co., Ltd. integrated its CAD
systems to CAD-II, completely discontinuing the use of
CADAM. Accordingly, we also planned to switch
entirely to CAD-II, but that was not accomplished on
account of certain issues concerning functionality,
operating ease and data conversion. It was finally
accomplished when downsizing of the system was
completed in 1985, but in the meantime, we were
obliged to use the two systems in parallel.

JUMPS System Mainframe

Drawing loan/retum request

via JUMPS.
CADAM, CAD-TI

B n
o

Referencing of a drawing image

Fig. 1 Drawing management system(] before(]

‘o0oooog
Management Information Systems Department
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As for our Drawing Management System, on the other
hand, following the introduction of the CAD systems in
19?7, drawing administrators were managing drawings
manually by transferring drawing data between the master
drawing database and work databases. Subsequently, with
the further penetration of the CAD systems, manual
management of drawings reached its limit, so a Drawing
Management System was developed in 1992 that was
linked to both the CAD system host computer and the host
computer for administrative work. That system made it
possible to issue instructions via JUMPS for automatically
borrowing and returning drawings. In addition, drawing
image data were created and registered in an optical disk
storage system, making it possible to retrieve previous
drawing images from an optical disk (Fig. 1).

1.2. System development history

As a measure for reducing CAD system operating
costs, a study was launched in 1995 to downsize the CAD
systems and integrate them with aCAD-II, the downsized
version of CAD-II. However, it was nearly impossible to
switch the terminals to workstations all at once and to
convert all the CADAM drawings to aCAD-I1 system data.
Initially, therefore, the infrastructure was gradually put in
place by replacing the existing terminals with ones that
could be used both with the CAD system mainframe and
as CAD workstations.

In carrying out the information management plan for
1995 to 1997, an effort was made to facilitate product data
management (PDM). As the first step, development work
was initiated on JEDRIS and a new Drawing Management
System, with the aim of sharing design and engineering
information. Together with the start of full-scale operation
of JEDRIS in November 1997, management of aCAD-II
drawings was launched for some development projects.
Subsequently, steps were steadily taken to expand the
range of application to other projects, to put in place the
associated infrastructure and to add further functions to the
system.

A study was also undertaken of the company's next-
generation CAD systems. It was decided to adopt I-DEAS
for 3-D design and aCAD-II and I-DEAS for 2-D design.
As result, when the infrastructure was fully in place, the
use of CAD-1I and CADAM was discontinued in March
2000, and a complete switchover was made to each aCAD-
Il and I-DEAS system, respectively. Simultaneously,
application of the downsized version of the new Drawing
Management System was initiated.

1.3. System devel opment aims

Our definition of PDM is "to create a product
information database centered on CAD drawing data and
production specification data, as well as including all other
product-related documents and information, and to show
their interrelationships, so as to build a system that enables
designers to reference product data freely at any time in its
latest and correct state and to be able to exchange the data
with one another.” To accomplish that, the following aims
were set for system development.
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Related
design notes;

Design change
check list

O To improve the environment for retrieving
drawings, information on related arrangements and
preparations and parts information.

O To take into account ease of use by the designers
so that as much necessary information as possible
could be obtained on a single terminal screen.

O To manage drawings with ample consideration
given to security.

O To provide the same service to all workstations
(UNIX and NT) and PCs regardless of the
platform.

O To be able to use both JEDRIS and the Drawing
Management System from one single menu
without any unnatural feeling.

It was decided to develop the new Drawing
Management System as a subsystem of JEDRIS in order
to accomplish these aims (Fig. 2).

Trial production

| Production preparations

Release drawing

JEDRI S

: Scope of
application

Fig. 2 Position of the new drawing management system in JEDRIS
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2. Functional Overview

2.1. Overview of new Drawing Management System
2.1.1. Problems with the existing system
O As indicated below, designers had to go and perform
operations on several different terminals in order to
borrow a master drawing.
{11 Retrieve the part number and drawing number
at a JUMPS terminal.
{21 Check the drawing details at an optical disk
terminal.
% Make a request to borrow the desired drawing
at a JUMPS terminal.
&3 Work on the drawing on a CAD terminal.
O Since the borrowing of drawings was done via
JUMPS, it was not possible to borrow drawings
when JUMPS was not operating (i.e., after 19:00).
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O The creators of drawings could not be identified
because the CAD work database in each department
was shared in common. In addition, there was a
management problem in that anyone could reference
and change a drawing.

O The scope of drawing management was limited to
CADAM and CAD-II drawings and other drawings
were outside that management scope.

O The user environment had deteriorated markedly owing
to insufficient database capacity on the host computer
and to a decline in responsiveness.

2.1.2. Features of new Drawing Management System
The features of the new downsized version of the
Drawing Management System that was developed to
resolve the aforementioned problems are outlined below.
{13 Improvement of operating ease
Incorporating this new system within JEDRIS has now
made it possible to perform all the operations on one
terminal, including retrieving and displaying drawing
information, information on arrangements and
preparations and parts information, making a request to
borrow master drawings and revising CAD drawings
(Fig. 3).
&1 Extension of time frame for borrowing drawings
Since all drawing management work is done on
JEDRIS, drawings can be borrowed even when JUMPS
is not operating (until 12:00 midnight).
& Improvement of security
Employees personally manage the work database at
their own workstation. As a security measure, the use of
terminals is managed on the basis of a user ID issued to
each individual. Moreover, with regard to technical
information that requires strict security, the scope of
authorized access can be set separately for each user ID.
These measures ensure comprehensive security.
@ Improvement of system expandability
Along with the growth of our customer base, it has
become necessary to manage data in many different
formats, including CATIA, Pro/ENGINEER, Excel and
others, in addition to aCAD-Il and I-DEAS.
Consequently, the new system was given the flexibility
to manage all sorts of CAD data regardless of the format.
{Iy Stabilized system response
Stable response at all times has been ensured through a
distributed arrangement of the CAD database and CAD
systems.

2.2, Work flow
A typical work flow is illustrated in Fig. 4.

{11 A designer borrows a master drawing via JEDRIS.

21 The designer revises the drawing and then requests a
drawing approver to approve the revised drawing
(drawing transfer).

& The approver initials the revised drawing to approve it
and then requests the drawing administrator to release
the drawing.

i The administrator receives the release information via
JUMPS, checks the revision made and then returns the
revised drawing to the database.

1 At the same time, image data are created from the
returned drawing and registered in the storage system.



JATCO Techical Review

No.3 (June, 2002)

o8 Bl 5=
IrALIE] ToYaL[A] WELL] fERIC] SRIC 2r(AIE] 7=l
TA T LEBF

WIBLI] fARIC] W01 O+ FOM AT a20] KTIN)
| F-agm |mmes |xe | Emsrrm

11— 3 EMEE

1-DEAS T 4 1L

(@i mmoE
EEE® 31020 41%01 Jis= el

R O e
AEETEE| 010330

| o | v
x01]

W'W
e "

=
=)

s>

j =
=) iz

b

£11e)|
_a1| B4 A -2 31020_41K01 w

EmEE-

EmtEs =
cap@p(c  1-veas
Y |
) |

PN LY —
wwE @[

31020 A1X01
31020 A1E0D

[ A= ]
T Sl

4101

(RéLzE-N

FnTA TLs0 LEE0
7 ‘ .

Fig. 3 Drawing referenceld image display[] a request to
borrow the drawing

2.3. S RTLER
0000000000000000000dFig. 5
0oooo

——

EDMICS Server

Search Server
Input Server

(Sun E/P4000)
Lé (Sun E/P3500)

Metaphase Server

Metaphase Server
(Sun E/P450)

< Designer >

Hb ns and
Approved e

< Approver > < Drawing

Release
request
drawmgi

L

Drawing
lown

Drawings waiting
forapproval =

drawing dmmg

Divving

o
1

2 server
i Crente image data,
approved

(ko TIFF fom HPGLY

Fig. 4 The flow of business

2.3. System configuration
The configuration of the equipment used to
accomplish these functions is shown in Fig. 5.
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3. Future Tasks

3.1. Improvement of drawing management data
There has been a rapid penetration of 3-D design
work at our company in recent years in connection with
efforts to reduce costs, such as by reducing prototyping
man-hours and die/mold manufacture, to improve
product quality and to shorten development lead times.
Managing 3-D design data requires a link with PDM.
This issue needs to be dealt with as quickly as possible
in the course of proceeding with studies concerning
drawing-less operations and a system for making
arrangements on the basis of 3-D design data.
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3.2, Expansion of the use envir onment

The use of this system is currently limited to the
headquarters area, and it cannot be used in the Atsugi
area or in other places. Consequently, there is a need to
put in place an integrated CAD environment so that the
system can be used in all design offices.

3.3. Expansion of scope of application

As a result of the expansion of our design offices,
there is a need to construct a system capable of
supporting collaborative work at geographically
distributed locations using digital mockups.

Activities were launched in FY 2001 to address the
above-mentioned tasks and an action plan is now being
prepared.

4. Closing Note

Lastly, the author would like to thank Fujita Research
Institute Corporation, Digital Process Ltd. and various
individuals at JATCO for their invaluable cooperation in
connection with the development of this system.

Hitoshi TAKADA
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Summary We presented exhibitions at the 2001
Frankfurt and Tokyo Motor Shows to publicize our
advanced technologies and new products as an intelligent
powertrain system supplier. This paper reviews the
trends in powertrain technologies at the two motor shows
and describes our exhibits.
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1. Introduction

Two international motor shows that heralded the
dawn of the 21st century were the 59th IAA Frankfurt
Motor Show™ (Fig. 1), Europe's largest automotive
event, and the 35th Tokyo Motor Show™. At these
shows, the world's automakers and parts suppliers vied
in announcing and exhibiting their next-generation
technologies and new products.

"t Held September 11-23, 2001. Exhibiting companies
numbered approximately 1,070, of which ten were
Japanese parts suppliers. Attendance totaled some
810,000 visitors. JATCO participated for the third time
since 1997.

2Held from October 24 to November 7, 2001.
Exhibiting companies numbered approximately 350,
and attendance totaled 1.27 million visitors.

Fig. 2 Compact cars with diesel engine
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2. Trends

There were fewer exhibits of futuristic dream cars.
Many prototype models were displayed that indicated
the kinds of vehicles the manufacturers themselves
wanted to build. It appeared that the prototypes had
already progressed to the stage of selecting the
constituent units making up the vehicles. In addition,
Ford, GM, DaimlerChrysler, Renault/Nissan and other
automotive groups emphasized their unified brand
images on an individual group basis.

In the area of efforts to foster harmony with the
environment, there were fewer automaker exhibits that
showcased fuel cell cars. Instead, small cars powered by
new-generation diesel engines featuring improved fuel
economy and lower CO2 emissions were conspicuous in
Europe, typified by the VW Polo, Ford Fiesta and other
B-segment vehicles. One presumed reason for that is the
rapid increase in the proportion of vehicles equipped
with a diesel engine in recent years, which rose from
13% in 1990 to 23% in 1996 and is projected to reach
38% in 2004. Automakers with a high percentage of
small diesel engine cars in their lineup, such as VW,
PSA and others, have been expanding their unit sales
(Fig. 2).

With Japanese automakers being about the only ones
that have rolled out hybrid vehicles so far, there are
many negative views of this technology in general. Yet
there is the potential for greater expansion of hybrids
through further technological innovations and cost
reductions. In Tokyo, on the other hand, exhibits of
hybrid vehicles already released or under development
were prominent.

The large high-tech flagship cars (F-Segment) of the
European automakers attracted much attention. These
included the Mercedes-Benz SL Class equipped with a
vario-roof that opens quickly in about 15 seconds to
transform the two-seat coupe into a convertible instantly.
This model is fitted with a 5-liter engine and a 5-speed
AT with a manual shift mode. Another example is the
BMW 7 Series featuring shift-by-wire and enabling the
driver to perform all sorts of operations easily from the
driver's seat.

Exhibits by powertrain system suppliers at the
Frankfurt show included stepped ATs with speed ranges
expanded from four or five speeds to six, CVTs and
automated manual transmissions (ATMs or robotized
gearboxes). Although the proportion of AT-equipped
new cars has been increasing every year in Europe, the
fact that MTs predominated the market for so long has
led to various system proposals like those mentioned
here (Fig. 3).

Exhibits that attracted attention in Tokyo included
new CVT technologies, such as new belt-drive units and
half- and full-toroidal CVTS, as well as transmissions
designed for hybrid vehicles.
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Fig. 3 Automated manual transmission
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Fig. 4 JATCO booth

3. Concept of JAT CO Exhibits

3.1. Theme

The central theme was to represent more concretely the
company's expressed mission of being an intelligent
powertrain system supplier along with our efforts to foster
symbiosis with the environment and fuel economy
improvements. The overall booth concept also embodied
such ideas as the enjoyment of sports car driving, a recent
trend aimed at younger users, and the revival of power
competition.

As an AT/CVT specialist, JATCO was the world's first
manufacturer to succeed in mass producing 5-speed ATs
for rear-wheel-drive vehicle application, belt CVTs for
use on 2.0-liter class cars and toroidal CVTs, among other
products. Our exhibits emphasized the development of
next-generation ATs with a greater number of speed
ranges, CVTs and transmissions for HEV application,
based on those cutting-edge technologies. They also
illustrated further optimization of performance through
powertrain management proactively linked to vehicle
behavior control systems, such as ABS and traction
control, as well as to the external environment and driver
information systems.

3.2. Booth design

Large, electrically illuminated corporate logo signs
were installed at two locations so that visitors walking
along the aisle running through the venue could easily
recognize the location of our booth from a distance. The
booth walls had a dark green motif, which is the symbolic
color of JATCO's logo (Fig. 4).

The booth was completely divided into two functional
areas. One was a conference room area where discussions
and presentations could be conducted with automakers
and other customers in a composed atmosphere. The other
was an open exhibition area where ordinary visitors could
view the exhibits at their leisure.

Working CVT models were placed on the aisle side of
the open exhibition area so that visitors would be more
likely to stop and view the exhibits. Eight static models
were positioned in front of a large curved wall, located in
the center and designed in the image of the blue sky along
with showing a diagram of our corporate philosophy. The
booth was designed with emphasis on flow lines so that
visitors could readily view the exhibits in turn.
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4. Press Briefing

Journalists from approximately 60 domestic and
overseas media companies combined came to our booth
for a press briefing, and separate interviews were
arranged for approximately 20 companies. The
interviews covered two broad subjects: (1) JATCO's
plans for further growth as a global supplier and (2) new
technologies and new products (Fig 5).

The first subject concerned the creation of a new
AT/CVT specialist with one of the biggest production
volumes in the world through the possible integration of
our business with the AT/CVT business of Mitsubishi
Motors Corporation (MMC). Just prior to the Tokyo
Motor Show, it was announced that MMC would spin
off its AT/CVT division into a separate company that
might possibly merge with JATCO later. There were
many questions and expectations about this possibility
from general print media and automotive industry
publications. The second subject naturally included
questions about the toroidal CVT that we successfully
mass-produced for the first time anywhere in the world
and the next-generation belt CVT series for use on a
variety of vehicles from small to large cars. Interest was
also especially concentrated on the Integrated Hybrid
Automatic Transmission (IHAT) system that enables a
hybrid powertrain to be mounted in the space of an
ordinary transmission. This reflected the growing
interest in hybrid vehicles that are beginning to spread
primarily in the Japanese market. Moreover, in Europe,
there were questions about our compact 6-speed AT.

In Japan, there was coverage by Nikkei Mechanical,
and the automotive industry magazines Automotive
News Europe and AutoTechnology were among the
publications that covered the exhibits in Europe. Even
after the motor shows closed, there were additional
requests for coverage of the exhibited products from a
number of domestic and overseas magazines.

Fig. 5 Booth visitors
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5. Exhibits

5.1. Working models
(1) Automatic model

Toroidal CVT: A display-use motor was incorporated
into the torque converter to drive the four sets of power
rollers in the CVT automatically from a low to a high
speed ratio, enabling visitors to see its smooth shifting
action (Fig 6). Many visitors expressed astonishment at
the converse approach taken to transmit power via a
high-viscosity fluid.

Even though the vehicle model on which this toroidal
CVT is used is not sold in Europe, booth visitors were
surprisingly widely aware of its existence as the most
advanced transmission technology anywhere in the
world. Many expressed wishes for a further expansion of
the speed ratio range and an increase in torque capacity.

A manual shift mechanism was attached that enabled
visitors to shift the toroidal CVT through eight speed
ranges by pressing buttons. That device was effective in
publicizing the capability of this technology to deliver
sporty driving performance.

Fig. 7 Dynmic power roller model

(2) Manual models

Two CVT models were displayed that visitors
themselves could operate by turning a handle in place of
drive torque from an engine. The firsthand experience of
moving a lever for switching the ratio change
mechanism of the CVT between low and high ratios
helped to deepen their understanding of the operating
principle.

1) Power rollers of the toroidal CVT (Fig. 7)
2) Metal belt and pulley mechanism
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5.2. Static models
(1) Stepped AT
1) Cutaway model of the JF404E 4-speed AT for
compact front-wheel-drive cars
This compact, lightweight 4-speed AT has a long
history of use in the European and Japanese markets
and is fitted to the VW Polo and Lupo models.

2) Cutaway model of the JR405E 4-speed AT for
midsize rear-wheel-drive cars

This 4-speed AT features one of the lightest

designs in its class and is used on the Mazda Bongo
Frendee, among other models.

3) Cutaway model of the JF506E 5-speed AT for
midsize to large front-wheel drive cars
This 5-speed AT has large torque capacity and
optimum gear ratios for eliciting maximum vehicle
performance. It is used on the Jaguar X-Type, VW
Golf, Land Rover Free Lander and MG Rover Rover
75, among other cars.

4) Cutaway model of JR507E 5-speed AT for large rear-
wheel-drive cars
Used on the Nissan Cima and Skyline, this 5-
speed AT (Fig. 8) ranks among the world's best in
terms of its shifting performance, high efficiency and
lightweight design.

5) Cutaway model of a 6-speed AT now under
development for use on large front-wheel-drive cars
While providing large torque capacity, this 6-
speed AT adopts a Lepelletier gearset system to
achieve a compact package with superior vehicle
mountability and an ultra-wide gear ratio range.

Fig. 8 New 5-speed AT for RWD Vehicles

- 105-



JATCO Techmical Review

No.3 (June, 2002)

| 4

Fig. 9 Next-generation Belt CVTs
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Fig. 10 I-HAT

Exterior models of a belt CVT series now under
development

The full lineup of next-generation belt CVTs now
under development was displayed (Fig. 9). Based on
our many years of field experience with 2-liter class
CVTs, these new belt CVTs achieve an ultra-wide
speed ratio range as well as substantial
improvements in both start-off acceleration and fuel
economy.
1) Next-generation belt CVT for small car use
2) Next-generation belt CVT for midsize car use
3) Next-generation belt CVT for large car use

Cutaway model of the IHAT system being
developed as a hybrid vehicle transmission

The IHAT system is JATCO's unique hybrid
technology that incorporates an energy regeneration
function, yet it installs in nearly the same space as a
conventional AT (Fig. 10). The start-off clutch and
torque converter have been discontinued by adopting
a planetary gearset, and a small motor has been
successfully developed that doubles as a power
source and a generator. Owing to growing needs in
the Japanese market in particular, general visitors
expressed an exceptionally strong interest in this
transmission for use on hybrid vehicles, which are
expected to be a mainstream propulsion system in
the future.

6. Recap

At both the Tokyo and Frankfurt Motor Shows, there
were fewer automaker exhibits that centered on fuel
cell vehicles and the like, in contrast to the situation
in previous years. There were more exhibits of
volume-production models built on platforms shared
in common among the companies of individual
corporate groups.
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2) Transmission exhibits tended to fall into two broad
groups. One reflected rising demands for higher
efficiency and lighter weight accompanying the tighter
environmental and fuel economy regulations being
adopted worldwide, and the other group pursued
driving pleasure in sports car and other applications.
The automakers themselves presented fewer exhibits
aimed at publicizing how their transmissions differ
from those of other companies. Instead, a trend was
seen toward the outsourcing of common transmissions.

3) Rising needs for improved fuel economy and shifting
performance beginning from around the 1980s spawned
technological innovations that led to electronic
controls, lockup operation and the emergence of 4-
speed ATs. The 1990s saw the development of 5-speed
ATs and belt CVTs. Moreover, the rapid pace of
technological innovation in recent years has created a
wide variety of transmissions toward which many show
visitors expressed their amazement and expectations.

Against this backdrop, JATCO displayed its
advanced products as an intelligent powertrain system
supplier, typified by the toroidal CVT, next-generation
belt CVTs, 5- and 6-speed ATs and the IHAT system
for HEV application. These exhibits emphasized the
high levels of our technological capabilities and
product appeal, especially to automaker representatives
and other people in the automotive industry.

4) Our booth at these two shows was designed with flow
lines that made it easy for ordinary visitors to enter and
view the exhibits. As at the previous shows, the booth
adopted the concept of a western-style museum. Hands-
on working models were displayed that enabled visitors
to experience firsthand and readily understand the
operating principles and mechanisms of new
transmission systems. Media people and others voiced
high praise for these exhibits.

7. Concluding Remarks

The terrorist attacks that occurred in the U.S. on the
first day (press day) of the Frankfurt Motor Show led to
the cancellation of gala receptions, the imposition of a
strict security system not seen in recent years and other
measures that gave the event a tense atmosphere. Our
booth was visited by representatives of the world's leading
automakers, media people and large numbers of general
visitors. The author would like to thank many individuals
at affiliated companies for their help over many months
with the planning and preparation of the exhibits. Thanks
are also due JATCO Europe GmbH for jointly staging the
exhibition at the Frankfurt show and many departments
within the company for their valuable cooperation and
assistance.

Tsukasa ONODA
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Summary TheFPD isthefirst JF506E series model to
be used on a luxury car. Consequently, the target
performance had to be raised, and a variety of
unprecedented requests had to be satisfied. Jaguar's
requirements were met by developing various new
technologies. This paper describes the results obtained in
thisregard.
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1. Intr oduction

With Jaguar's use of the FPD 5-speed AT, the JF506E
series has now been adopted by four automakers. The
FPD unit was developed in a short span of about two
years and was fitted to the Jaguar X-Type (Fig. 1) that
went on sale in Europe, North America, Japan and other
markets in 2001. The X-Type is Jaguar's first compact
premium car and is equipped with the Traction 4 all-
wheel-drive system to continue the Jaguar tradition of
driving performance.

This was the first time for a JF506E unit to be mated
with a 3.0-liter gasoline engine. Different parts of the
transmission were strengthened to ensure durability
under high-torque, high-speed operation. Various new
control features were also incorporated into the FPD to
obtain shifting performance befitting a luxury car.
Moreover, a variety of improvements were made to meet
customer needs with respect to environmental protection
and driveability.

Fig. 1 JAGUAR X-TYPE

‘o0oooooooa
Product Development Group No.2
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2. BAREmEUA TOEEHE 2. Major Specifications of Vehicle and AT

A cross-sectional view of the JF506-L is shown in

JFS06E-LO D DD O Fig. 200000000 0AT Fig. 2. The major specifications of the Jaguar Type-X

OO0D0O0OTablelDDOOODOOOO0OOOA40%0 and the AT are listed in Table 1. On both vehicle
Ogde%O 0000000000 OO0OO0OOo0On models, the transmission is combined with the transfer
o0o0o0000000000000o0o0o0n case of a full-time 4WD system that splits the drive

torque 40:60 to the front and rear wheels.

Table 1 Technical specifications

Model X-TYPE 2.5L X-TYPE 3.0L
Drive type All-wheel-drive —
Vehicle |Weight (kg) 1,620 «—
Engine type V6 DOHC —
Max. power (DIN) 145 kw (198 ps)/6,800 rpm | 172 kw (234 ps)/6,800 rpm
Max. torque (DIN) 244 Nm/3,000 rpm 284 Nm/3,000 rpm
Torque coverter 250 mm dia. with lock-up —
1st 3.802 —
2nd 2.132 —
Gear ratio 3rd 1.365 —
AT 4th 0.935 —
5th 0.685 +—
Rev 2.970 —
FDR 3.898 —
Center distance (mm) 205.9 —
Weight dry (kg) 95 —
@
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Fig. 2 Cross-sectional view of JF506E-L
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3. Improvements in Strength and Durability

The strength of the transmission was improved as
noted below, based on the JF506E-R(FPO) unit.

(1) The number of pinion gears in the front planetary
gearset was increased from three to four.

(2) The number of pinion gears in the rear planetary
gearset was increased from four to five.

(3) The notch geometry was improved to increase the
discharge volume of the oil pump in order to supply
more lubricating oil.

(4) The thrust bearing of the second shaft was increased
in size.

4. Improvement of Shifting Perfor mance

One request made by Jaguar for the development of
the FPD was to achieve the same level of shifting
performance as that of the Jaguar XJ Series, a more
luxurious model than the X-Type. Another request was
that shifting performance should be robust against the
passage of time, variability among transmission units
and environmental changes.

The following development work was undertaken
with the principal aim of meeting those requests.

(1) Flat upshift waveform

The specific output torque waveform specified for
shifting by Jaguar was set as the development target.
The targeted flat upshift waveform without any
abrupt upward or downward discontinuities (Fig. 3)
was achieved through highly accurate control of the
amount and timing of engine torque reduction and a
control procedure that estimates the clutch pressure
when the transmission shifts.

(2) Adoption of new ATF
A new automatic transmission fluid (ATF) was
adopted to improve the end bump that occurs at
conclusion of clutch engagement.

Auto Up TH 3/8

FPD

(developed initially)

M W NE
! ]
L8 I~ o
j ~=0N W
\
] _ 1
A 192 o | 29I i

Attainmént of a flat
1-2 upshift upshifgwaveform

1
0. 4G I jf! - !V
(new control) / \ -l
L[
0. 5skc  1-2 3.5

Fig. 3 Flat upshift waveform
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(3) Downshift real-time feedback (RTFB) control
In order to compensate the hydraulic pressure
instantaneously and execute shifts as desired, RTFB
control was also applied for the first time to
downshifts. In addition, the target gear ratio
waveform for feedback was improved over the
previous one to achieve a linear change in gear ratios.

(4) Expansion of adaptive learning range for shift time
The range of values for compensating the
hydraulic pressure based on the results of adaptive
learning (i.e., adaptive learning range) was expanded
over that of previous transmission models to improve
robustness.

(5) Improvement of lockup shock

A control procedure was adopted to continue the
previous smooth lockup performance without it being
affected even if the driver presses the accelerator
pedal while lockup is proceeding smoothly. A
component corresponding to the engine operating
condition was added to the feedback control function
for lockup operation.

(6) Improvement of high-altitude shifting performance
The use of a highly accurate engine torque signal
for hydraulic pressure control during shifting and the
application of RTFB control have made it possible to
achieve high-altitude shifting performance equal to
that obtained at low altitudes.

5. Environmental Protection Measures

The following improvements were made to
comply with the EURO4 exhaust emission standards in
Europe and California's LEV-Il exhaust emission
standards.

(1) The vehicle speed for the onset of lockup was
reduced.

(2) The coasting lockup range was expanded.

(3) Line pressure is optimized on the basis of a highly
accurate engine torque signal.

6. Improvement of Driveability

The following items were developed to achieve
the supple driving performance desired by Jaguar.

(1) Sequential upshift control

A sequential upshift control procedure was
developed that successively upshifts the transmission
to a gear range without any engine faltering, when
the system detects that the driver has lifted his or her
foot off the accelerator pedal. This is done to secure
the desired downshift performance when the driver
accelerates again.

(2) 3-map uphill mode
The previous single shift map used for the uphill
mode was increased to three maps along with
improving the accuracy of detecting the uphill angle.
This enables the transmission to select the right gear
range so as to avoid frequent shifting when climbing
hills.
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(3) Shift map optimization
Apart from increasing the number of shift maps for

the uphill mode, the transmission also incorporates a

variety of shift maps to provide optimum driveability

under all sorts of driving conditions.

O A cooling mode map selected on the basis of the
engine coolant temperature, engine oil temperature
and ATF temperature.

O A traction mode map for use during traction control.

O A cruise mode map for use when cruise control is on.

7. Other Improvements

The following items were adopted to accommodate
Jaguar's manufacturing and diagnosis systems.

(1) Selectable tuning
The AT control unit (ATCU) stores data on
multiple markets where the car is used. A system has
been adopted so that data matching the market where
a car will be used can be selected on the assembly
line at the time of production.

(2) Compatibility with Jaguar Diagnosis System (JDS) tester

Operations such as AT diagnosis, rewriting of data

and communication with a JDS tester incorporating a

selectable tuning function are all possible via the
Controller Area Network (CAN).

8. Concluding Remarks

We participated in the rigorous vehicle tests Jaguar
conducted under a wide range of environments,
extending from Canada's frozen lakes to the scorching
heat of the Arizona desert. As a result, the transmission
was developed with the highest levels of quality,
durability and reliability as demanded by Jaguar.

This extension of the potential of the JF506E has
achieved shifting performance and driveability that will
satisfy drivers throughout the world. It has thus
contributed to our corporate philosophy of "building the
world's best products that give customers enjoyment.”

Finally, the authors would like to thank Jaguar Cars
Ltd. and various in-house departments concerned,
especially JEGUK, for their tremendous cooperation in
connection with the development of the FPD.

m (] Author m

Tomohisa YOSHIDA
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Summary The JF506E-M is a 5-speed AT for front-
wheel-drive cars that was modified for use on a model
launched by Mazda Motor Corp. in 2002. This paper
describes the details of the changes made to this
transmission.
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Fig. 1 MPV

1. Intr oduction

With the introduction of the JF506E-M (FPF) 5-speed
AT, the JF506E series has now been adopted by five
automakers. Developed in approximately two years, the
JF506E-M was fitted on Mazda Motor Corp.'s MPV
minivan that was launched in North America in February
2002 and in Japan in April 2002 (Fig. 1). The MPV is
powered by a 3.0-L V6 gasoline engine. Various new
controls were incorporated in the transmission to achieve
shifting performance befitting this class of vehicle.
Moreover, various improvements were also made to
meet the customer's needs with regard to environmental
protection and driveability.

2. AT Specifications

A cross-sectional view of the JF506E-M is shown in
Fig. 2, and its specifications and those of the MPV are
listed in Table 1.

Fig. 2 Cross-sectional view of JF506E-M
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Table 1 Specifications

Model MPV
Drive type 2 wheel drive
Vehicle Weight 2,195 kg
Engine type V6 DOHC
Max.power (DIN) 180 ps/6,000 rpm
Max.torque (DIN) 248 Nm/4,500 rpm
Torque coverter 250 mm dia. with lock-up
1st 3.802
2nd 2132
Gear ratio o l=to
AT 4th 0.935
5th 0.685
Rev 2.970
Final gear ratio 3.491
Center distance 205.9 mm
Weight dry | 94 kg
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Fig. 3 Upshift waveforms

3. Improvement of Shifting Perfor mance

One request made by Mazda regarding the
development of this AT was to achieve shifting
performance that would rank with the best of the MPV's
leading rivals. The following development work was
carried out with the primary aim of meeting that request.
(1) To enhance all-around shifting performance, the

following modifications were made in relation to

other units in the JF506E series.

O The control logic was completely renewed to
facilitate finer settings.

O The AT control unit (ATCU) was upgraded from a
16-bit to a 32-bit controller.

(2) Upshifts

Target values were set on the basis of specified
evaluation criteria and the benchmarking of rival
models, and adaptations were made to attain those
targets. Specifically, a control for reducing engine
torque when shifting, adaptive learning control for
the hydraulic pressure during shifting and real-time
feedback control make it possible to attain the
optimum shifting performance at all times (Fig. 3).

(3) Downshifts
A solenoid for controlling the high-clutch
hydraulic pressure was adopted to reduce the lag
when downshifting.

(4) High-altitude shifting performance
The use of an engine torque signal for hydraulic
pressure control during shifting and the application
of real-time feedback control achieve high-altitude
shifting performance equal to that at low altitudes.
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4. Environmental Protection Measures

The following measures were adopted to comply with

exhaust emission standards in North America.

(1) The vehicle speed for the onset of lockup was
lowered.

(2) The coasting lockup range was expanded.

(3) Line pressure is optimally controlled by using an
engine torque signal.

5. Optimization of NV Performance

The following specifications were incorporated in the
AT to secure the noise and vibration performance
desired for the vehicle.

(1) The output gear module was changed to optimize its
noise performance

(2) Optimization of gear accuracy

(3) Improvement of case rigidity

6. Diagnostic System

Communication with a Worldwide Diagnostic System
(WDS) tester, which includes an AT diagnostic function,
is now possible via the Controller Area Network (CAN).

7. Concluding Remarks

The JF506E-M is the first 5-speed transmission that
we have delivered to Mazda Motor Corp. This
transmission was developed in close cooperation with
various related departments to meet the high
specifications requested by Mazda, and we are confident
that it provides top-level performance in every area.

m [] Authors m

Isao NISHIMURA

Takayuki HARADA
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Summary We implemented the world's first toroidal
CVT on a passenger car in 1999. To adapt this unit for
sporty vehicles, we introduced an 8-speed manual mode
shift pattern and also increased the ratio changing speed.
With this CVT, the driver can control the driving force at
the tires at all times, which is an attractive feature for
sporty vehicles.
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Fig. 1 Nissan Skyline fitted with toroidal CVT
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Product Development Group No.4

1. Intr oduction

The world's first toroidal CVT was fitted on the
Cedric/Gloria models put on the Japanese market in
1999. This unit has been highly acclaimed for its smooth
driveability and especially for the feeling of a smooth
and quick increase in driving force when the driver
presses on the accelerator pedal. This performance
brings out the full attraction of using a toroidal CVT on
luxury passenger cars.

2. Development Objectives

On a sporty vehicle, on the other hand, a different
type of attractive performance can also be elicited. One
of the features of a toroidal CVT is fast ratio changes. By
taking advantage of this feature, it is possible to enable
the driver to control the driving force itself. That can be
accomplished by manipulating the CVT speed ratio
while simultaneously controlling the engine output with
the accelerator pedal.

As shown in Fig. 2, drivers convey their wishes to the
vehicle by means of a paddle shifter, which is intended
to reduce their driving workload. (The paddle shifter was
developed by Nissan Motor Co., Ltd.)

Fig. 2 Paddle shifter mounted behind the steering wheel
(The photo was processed by computer to show a
see-through view of the paddles.)
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3EERT 3. Major Specifications
00000Table 10000000000 Fig. 30 T_he major specifications of thg JROO@E toroidal CVT
are listed in Table 1. A cross-sectional view of the unit is
oo presented in Fig. 3.

Table 1 Specifications

Unit weight (Dry) kg 104

Max. input speed rpm 6600

Ratios D Range 2.857~0.660
Manual mode Ist | 2.857~2.073

2nd | 2.178~1.497
3rd | 1.709~1.232
4th | 1.411~1.059
oth | 1.192~0.816
6th | 1.003~0.664
7th | 0.831~0.660
8th | 0.686~0.660

Reverse ratio Rev. 1.957
Torque converter size 250 mm dia.
Lock-up clutch Twin faces
Communication with vehicle CAN
Shift positions P-R-N-D

Additional Manual 8 speed

Interface Paddle shifter

>

;

| Sz mmll! i : i
& : ==

& ) a Q ‘
=t O PR | :
B ] g i

Fig. 3 Cross-sectional view of the toroidal CVT
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4. Manual Mode Shift Performance

This section describes the improvements made to the
shift schedule and control method in order to elicit the
attractive performance of a sporty vehicle fitted with this
toroidal CVT.

4.1 Manual mode shift schedule

The manual mode shift schedule of the improved
JROO6E unit is shown in Fig. 4. Eight speeds were
adopted and the shift schedule was optimized.

The adoption of the paddle shifter, along with not
using fixed gear ratios, facilitates easy operation for fast
upshifts and downshifts. The unit was improved so that
quick, pleasing shifts can be executed in all speed
ranges. Consequently, drivers will not mind shifting
even if they do so frequently.

In the low-speed range, the rpm difference when
executing upshifts and downshifts was suitably widened
S0 as to obtain a difference in rpm levels at the time a
shift is made. In the low to intermediate speed range, the
shift schedule was designed with a steeper slope relative
to the vehicle speed, thereby increasing torque more
quickly. In addition, the shift feel was improved by
making the rpm difference nearly constant whenever
upshifts and downshifts are executed. In the high speed
range, the shift feel was improved by making the shift
time approximately equal in duration.

4.2 Engine braking control for manual mode
selection from D range

Suppose the driver selects the manual mode from the
D range in order to apply engine braking. Since this unit
has eight speed ranges, the optimum engine braking
effect would not be obtained immediately.

Therefore, a control feature was added to achieve the
optimum engine braking effect when the driver selects
the manual mode from the D range while letting up on
the accelerator pedal.
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4.3 Improvement of shift speed

In order to emphasize the transmission's sporty
performance, a shift time within 0.3 sec. (average time of
0.2 sec.) has been achieved for the completion of
upshifts and downshifts in all speed ranges. That is on a
par with the shifting speed of top racing drivers, yet shift
shock has been reduced at the same time.

In a belt-drive CVT, a stepper motor directly moves
the movable pulleys in the axial direction via hydraulic
pressure to accomplish ratio changes. In a toroidal CVT,
a stepper motor controls the tilting force of the power
rollers via hydraulic pressure, thereby enabling the unit
to shift extremely quickly. The ratio change mechanism
is shown schematically in Fig. 5.

at 60km/h M2 _, M3 shift

5
45 Power rollers axis anglé] x 10 degree]

4
35 —
3
25
2
15
1 - — —
05 Trunnion ofsetg mmpy _
0 L —T ) L e

33 34 35 36 37 38 39 4
Time s

Step of stepper motor J x 100step(] /

R N —

Fig. 6 Step movement of stepper motor and ratio change

In executing a ratio change, the movement of the
stepper motor actuates the forward ratio control valve,
thereby changing the differential pressure of the servo
piston to displace the trunnions vertically. The tilting
force thus generated tilts the power rollers to initiate the
ratio change. Rotation of the precision cam displaces the
pick-up vertically, causing the linkage to move, which
moves the forward ratio control valve in the direction of
its original position. When the vertical displacement of
the trunnions becomes zero, the ratio change is
completed.

The waveforms in Fig. 6 illustrate the step movement
of the stepper motor and the ratio change. Even with
trunnion vertical displacement of about 0.4 mm, the
power rollers tilt rather quickly and the shift speed is
also fast. The figure indicates that a manual 2-3 shift is
nearly completed within 0.2 sec after the stepper motor
begins to move.
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5. Summary

As described here, by improving the shift schedule
and shift speed, we successfully adapted the JROO6E
toroidal CVT so that it can bring out the full attraction of
a sporty vehicle. This toroidal CVT is characterized by
its execution of quick ratio changes in response to the
driver's wishes. This work has shown that it is possible
to achieve vehicle performance that accurately matches
the character of different car models. A Nissan Skyline
model fitted with this toroidal CVT was put on the
Japanese market on February 19, 2002.
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RREEF3EAT JF302E-F (FBF) O#BN

Intr oducing the JF302E-F(FBF) 3-speed AT for Rear-drive Cars

JF302E-ElI FBFOO O OO OOOOODOOoOOOd The JF302E-F(FBF) electronically controlled 3-speed

O000000O0ORROOOODOOOODOOOODNS AT is the only minicar gearbo>_( _in the domestic market
that has been developed specifically for use on rear-

wheel-drive cars. It is also applicable to 4WD vehicles

ATODO4wWDOD OO OOoOooooooboobon

do0oodoooooooobooooooooda and is used on Fuji Heavy Industry's Sambar model.

Table 1 Specifications

Max. input torque 71 Nm
Max. input speed 8,000 rpm
Max. vehicle weight (GVW) 1,350 kg
Control system Electronic
Torque converter 186 mm dia.

1st 2.659

2nd 1530
Gear ratio

3rd 1.000

Rev. 2.129
Final drive gear ratio 5.711[1 6.282
No. of selector positions 6(P,R,N,D,2,1)
Overall length 338 mm
;;eggeirﬁ(iliﬁggf between engine 178.7 mm
Dry weight For2WDuse  47kg

For4WDuse 56 kg

Fig. 1 Main cross-sectional view
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m (] Major Features m
(1) Intended for minicar application, the JF302E-F(FBF)

electronically controlled AT is the only product of its
kind in the domestic market that has been developed
specifically for rear-wheel-drive vehicles. Sufficient
minimum ground clearance was secured by
positioning the control values at the top of the unit.
The transmission can be adapted to both 2WD and
4WD vehicles.

(2) By adopting a small torque converter and a paracoid

oil pump, among other measures, a compact design
has been achieved along with giving thorough
consideration to the assurance of durability and
reliability.

(3) In terms of performance, the switching of speed

ranges is now controlled electronically to provide
greater control freedom and also give the
transmission multiple shift modes, thereby
contributing to improved driveability.

m (] Typical model fitted with the JF302E-F(FBF) AT =

oo0oooooo
Sambar Dias
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4-Speed AT for Frontdrive Cars
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Fig. 1 Main cross-sectional view

The FO4B (ZY) AT was reinforced for application to
Nissan Motor Co.'s X-TRAIL fitted with a high-power
engine in February 2001, and its shifting performance
was also subsequently enhanced by improving the
electronic control system. In August 2001, application of
this unit was expanded to Nissan Motor Co.'s Maxima, a
mainstay model of Nissan's lineup in North America.

Table 1 Specifications

Max. input torque 350 Nm
Max. input speed 7,000 rpm
Max. vehicle weight (GVW) 1,996 kg
Control system Electronic
Torque converter 250 mm dia.

st 2.785

2nd 1.545
Gear ratio 3rd 1.000

4th 0.694

Rev. 2.272
Final drive gear ratio 3.52501 4.425
No. of selector positions 7(P,R,N,D,3,2,1)
Overall length 4155 mm
Cenper distar}ce betyveen 205 mm
engine and differential
Dry weight 85kg
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m (] Major Features m

In applying the FO4B(ZY) AT to the Maxima, the
electronic control system was improved and device
performance was optimized. That was done in order to
transmit the high output of the car's 3.5-liter engine as
well as to combine improvements in shifting
performance and reliability with cost reductions.

(1) Shifting performance has been improved by
optimizing the timing for reducing engine torque
when a shift is executed.

(2) The torque reduction timing and hydraulic pressure
during a shift are controlled to match the driver's
operation of the accelerator pedal, thereby enhancing
shifting performance.

(3) The hydraulic pressure is precisely compensated
during a shift according to the vehicle speed at that
moment so as to improve shifting performance.

(4) Shifting performance is also improved by controlling
the hydraulic pressure at the time a shift is executed
to match the engine torque reduction that occurs
accompanying a decline in atmospheric pressure
when driving at high altitudes.

(5) The N-D accumulator spring is pre-loaded for the
purpose of optimizing the hydraulic pressure at the
time a driver selects a gear range, thereby achieving a
suitable balance between selector lever drag and shift
shock.

m [J Typical model fitted with the FO4B(ZY) AT =

Nissan Maxima SE Shown in Sterling Mist
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Intr oducing the JF404E-W (FDO) 4-speed AT for Frontdrive Cars
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Fig. 1 Main cross-sectional view

The JF404EO0W (FDO) AT features a lightweight,
compact design as a result of adopting one Rabinow
planetary gearset instead of the two Simpson planetary
gearsets used previously and also reducing the number of
one-way clutches from two to one. This 4-speed AT is
designed for use on front-drive compact cars. It was first
adopted on the Volkswagen Polo in 1995 and its
application was expanded to the Skoda Fabia in
December 2000. Moreover, it has continued to be used
on the new generation of the Volkswagen Polo that was
released in January 2002.

Table 1 Specifications

Max. input torque 150 Nm
Max. input speed 7,000 rpm
Max. vehicle weight (GVW) 1,550 kg
Control system Electronic
Torgue converter 215 mm dia.
1st 2.875
2nd 1512
Gear ratio 3rd 1.000
4th 0.726
Rev. 2.656
Final drive gear ratio 3.47004.38
No. of selector positions 7P,R,N,D,3,2,1)
Overall length 360.8 mm
((j:it]ipetfern?ii;tance between engine and 174 mm
Dry weight 60 kg

-127-



JATCO Techical Review

No.3 (June, 2002)

e00J0000m
SKODA Fabiall 0 O O O Polod O O PoloO O O O
goooooooooooobobobobbbbobb
gobobooooobobooooobooooooogn
gbobooo
iATO O OOoooOo
obooobooboobooooboobon
gbooboooooboooobobooooon
gbobooboooobooboboobo
gboooobooon
020000000
uooboooooboooboobooon
gboobooboooobooboboobo
gbooooobooan
g3pooooboobogoogn
OLow/COUOOOOODOOODOODOODO
gooooDb-RUOCOOOOLow/COOODO
gooboboobooboooooboobooooon
Low/CcOUOOOUOOOOOOOOOODOD-R
gobooobobooooooobooon
OrR-DOOODOOOODODOOOODOOODO
gooRrDOOOOO0OOOOOO0OO

s 000000000000 0000m

m (] Major Features m

The biggest differences between the Skoda Fabia and
the previous and current generations of the Polo are in
their platforms. The following changes were made to the
AT to accommodate these platform differences.

(1) Improvement of AT mountability
The bosses of the bolts that couple the case and
the torque converter housing were repositioned and
chamfering was added to the swing support bosses,
among other changes, to improve vehicle
mountability.

(2) Noise reduction
Steps were taken to reduce the noise of the oil
pump and output gear in line with the reduction of
overall vehicle noise.

(3) Improvement of selection quality

The load of the low clutch dish plate was reduced
S0 as to raise the pressure in the process of releasing
the low clutch pressure when a D-R selection is
made. This works to delay the timing for full release
of the low clutch and thereby improves D-R selection
quality.

Pressure control at the time of an R-D selection
was further improved to enhance R-D selection
quality.

m [J Typical models fitted with the JF404E-W (FDO) AT =

Fabia

New Polo
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Intr oducing the JF405E-H (FRO) 4-speed AT for Frontdrive Cars
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The JF405E-H (FRO) AT is one of the world's most
compact and lightest ATs, making it an ideal gearbox for
small cars. Designed for application to front-wheel-drive
cars, it was first fitted to Suzuki Motor Corporation's
WagonR RR in October 1998. Application was further
expanded to the MRwagon in November 2001.

i I e T 1::\:
— i N
—HhT s
2 N\
L L/
1= .
) =7y

Fig. 1 Main cross-sectional view

Table 1 Specifications

Max. input torque 110 Nm
Max. input speed 7,800 rpm
Max. vehicle weight (GVW) 1,235 kg
Control system Electronic
Torgue converter 186 mm dia.

st 2914

2nd 1.525
Gear ratio 3rd 1.000

4th 0.725

Rev. 2.642
Final drive gear ratio 4.01705.804
No. of selector positions 6(P,R,N,D,2,L)
Overall length 359.9 mm
gﬁ;:jeirffcgfemﬁ?i;f between engine 172 mm
Dry weight 45.7 kg
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m (] Major Features m

(1) A compact, lightweight package has been achieved
by reducing the part count.

(2) High performance has been attained by adopting a
compact torque converter.

(3) A simple and compact hydraulic pressure control
system is used to provide the optimum pressure for
controlling the AT. Moreover, it also facilitates idle
neutral control, slip lockup control and prevention of
hunting when climbing hills.

m  Typical model fitted with the JFA05E-H (FRO) AT =

MRwagon
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Intr oducing the JF405E-Q (FRA) 4speed AT for Frontdrive Cars
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In March 2000, the JF405E-Q (FRA) AT was adopted
on the Hyundai Atoz and the Kia Visto, both of which
are available with a 0.8-liter or a 1.0-liter naturally
aspirated engine. This unit is the first 4-speed AT to be
used on Korean minicars. In addition to the South
Korean market, it is also exported to Europe and the
Middle East. Application was further expanded to
include a 0.8-liter turbocharged model in November
2000.

Table 1 Specifications

Fig. 1 Main cross-sectional view

Max. input torque 98 Nm
Max. input speed 6,000 rpm
Max. vehicle weight (GVW) 1,316 kg
Control system Electronic
Torque converter 186 mm dia.

1st 2914

2nd 1.525
Gear ratio 3rd 1.000

4th 0.725

Rev. 2.642
Final drive gear ratio 4.0170 4.880
No. of selector positions 6(P,R,N,D,2,L)
Overall Length (Exclud mgj r?lfurr:]tiﬂ; bracket)
Center distance between engine
and differential 172 mm
Dry weight 45.7kg




JATCO Technical Review No.3 (June, 2002)

m000000m m (] Major Features m
() 000000000000 0000O0oooOon (1) A compact, lightweight AT was achieved by
000 reducing the part count.
@ O00000000000000000000 (Z)A compact torque converter was adopted to obtain
high performance.
oood (3) A small, simple hydraulic pressure control system is
@) bobuooooooooooooodoon used to provide the optimum pressure for controlling
O0doo0obOOoooooooooooooad the transmission. Moreover, a shift schedule designed
O0o00ooooooooooooooooog for optimum fuel economy has been adopted along
0000000000000 000oooon with expanding the range of lockup operation. As a
00000000000 000000 result, not only does this AT provide optimum power
performance, it also improves fuel economy as well.
000000000000 0000m m [ Typical models fitted with the JF405E-Q (FRA) AT =
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Intr oducing the JF506E-R (FPO) 5-speed AT for Front-drive Cars
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Fig.1 Main cross section

The JF506E-R 5-speed AT was first adopted on
Rover MG Group's Rover 75 in July 1999 and on Land
Rover Group's Freelander in August 2000. Its
application was further expanded to Rover MG Group's
Rover 75 Tourer in July 2001.

Table 1 Specifications

Max. input torque 310 Nm

Max. input speed 7,000 rpm

Max. vehicle weight (GVW) 1,900 kg

Control system Electronic

Torque converter 250 mm dia
1st 3.474 3.801
2nd 1.948 2.131

Gear ratio 3rd 1.247 1.364
4th 0.854 0.935
5th 0.685 0.685
Rev. 2.714 2.970

Final drive gear ratio 2904.1

No. of select positions | 7 (P, R, N, D, 4, 3, 2)

Dry weight 95 kg
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Rover 75 Tourer

m (] Major Features m

(1) Vehicle mountability was improved by adopting a
single one-way clutch and an ultra-flat torque
converter.

(2) The adoption of five speeds with a wider ratio range
achieves both excellent fuel economy and powerful
acceleration performance.

(3) A high-rigidity case construction has been adopted to
withstand true off-road driving conditions when
coupled with the 4WD transfer case.

(4) A flow-tube system is used that enables the AT
fluid to be filled accurately without using a level
gauge.

(5) A manual shift mode (CommandsShift) is provided
that delivers sporty driving performance and reliable
control in off-road driving.

(6) Adaptive shift control has been adopted to suppress
frequent shifting when climbing hills and to provide
optimum engine braking on downhill grades.

(7) The JF506E-R also incorporates the following
controls.

O A mode switch for selecting the desired driving
mode among three settings--Normal, Sport and
Snow

O Adaptive learning control for the shift time to
suppress changes in shift shock over time

O Real-time feedback control of the hydraulic
pressure during shifting so as to suppress variance
in shift shock

m (] Typical models fitted with the JFS06E-R (FPO) m

Freelander
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Intr oducing the Steel-belt CVT (ADO) for 2.5-liter Class Midsize Front-drive Cars
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Fig. 1 Main cross-sectional view

The steel-belt CVT (ADO) for application to front-
wheel-drive cars was fitted on Nissan Motor Co.'s
Primera Sedan and Primera Wagon in January 2001.
That marked the world's first implementation of a steel-
belt CVT on 2.5-liter class passenger cars. The CVT
(ADO) is an improved version of the steel-belt CVT
(CK2), the world's first CVT to be used on 2.0-liter class
midsize front-wheel-drive cars in 1997. Designed for
application to front-wheel-drive vehicles, the CK2 unit
has so far been used on more than ten Nissan passenger
car models and has been highly popular with customers.
The ADO unit meets market needs for a CVT with
greater torque capacity that can be used on front-wheel-
drive cars powered by larger engines.

Table 1 Specifications

Max. input torque 250 Nm
Max. input speed 5,500rpm
Max. vehicle weight (GVW) 1,776 kg
Control system Electronic
Torque converter 236 mm dia.
D range Manual D range Manual
mode mode
Low 1st 2.100 2.100
2nd 1.408
Pully 3rd 1.048
ratio 4th 0812
5th 0.630
High 6th 0434 0.469
Rev. 1432
Final drive gear ratio 5473
No. of selector positions 5 (F;\’/Ilzr’]glél %ola)e *
Overall length 00401 mm
gr:e(;]tdeirﬁ grlztr?{;grle between engine 186 mm
Dry weight 89.4kg
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m (] Major Features m
(1) Technologies for high torque capacity
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To handle larger torque inputs, measures were
taken to reduce wear of the pulley surface that comes
in contact with the steel belt. The surface treatment
applied to the pulley surface in contact with the belt
was improved to increase surface hardness. This has
enhanced the strength of the pulleys compared with
those of the steel-belt CVT (CK2) used on front-
wheel-drive cars so far.

In addition, a belt consisting of 12-layer steel
bands and made by Van Doorne's Transmissie b.v.
has been adopted along with a high torque-capacity
torque converter and a stronger forward/reverse
change mechanism, among other improvements.

(2) Improved fuel economy

Compared with the previous CVT, the region of
lockup operation has been expanded toward a lower
vehicle speed range and the allowable fluid
temperature for lockup operation at low fluid
temperatures has been revised. As a result, lockup
operation is now possible at lower fluid temperatures
and the hydraulic pressure settings have been
optimized, thereby reducing torque loss. The CVT
(ADO) enhances fuel economy further by about 3-4%.

(3) Improved driveability

The CVT (ADO) provides shifting performance
matching human sensibilities and excellent
acceleration with a more linear responsive. This has
been achieved by changing the shift points at part
throttle in the medium- to high-speed ranges,
adopting a control to release the lockup clutch when
the driver presses down on the accelerator and
revising the ratio change speed of the pulleys in the
D range. In addition, the adoption of a 6-speed
manual shift mode enables drivers to shift while
pressing the accelerator. As a result, users can enjoy
the pleasure of shifting with the responsiveness of a
professional driver.

m [ Typical models fitted with the CVT m

PRIMERA
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Fig. 1 Shin-Yokohama Engineering Center

‘ogoooooog
Shin-Y okohama Engineering Center

1. Overview

The Shin-Yokohama Engineering Center opened in
May 2001 as the new hub of the company's development
activities.

Location : 3rd & 4th Floors, Benex S3 Building
3-20-8 Shin-Yokohama, Minato Ward,
Yokohama

Date of establishment : May 2001

Number of employees : 57 (including temporary staff)

as of January 2002

The Shin-Yokohama Engineering Center opened on
the third floor of the Benex S3 Building in Shin-
Yokohama in May 2000. This new engineering center
combines part of the group responsible for developing
control units for ATs and CVTs (ATCUs) with part of
the group in charge of designing support tools for ATCU
development and organizing structures for improving the
quality of the ATCU software developed in-house. In
November 2001 and again in January 2002, part of the
Hydraulic Control Development Section that designs
hydraulic controls was also transferred to the fourth floor
of the same building. Thus, the Shin-Yokohama
Engineering Center now occupies the third and fourth
floors of the building.

4t (North) WRETU—F

Yokohama Arena

FRETILARTIL
tel

Shin Yokohama Prince Hol

Fig. 2 Location of Shin-Yokohama Engineering Center
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2. Objective

Since its establishment as a new company in 1999,
JATCO TransTechnology Ltd. has had two development
centers, located in Fuji and Atsugi. Opening an
additional new development base, however, became an
urgent matter, given the projected rapid expansion of
development work both in terms of quality and quantity
in the future. Meanwhile, growing expectations for
electronic control technology to create even more
attractive ATs and CVTs as well as the shortened
development cycles of the automobile makers have
required us to obtain development capabilities quickly so
as to avoid subsequent revisions. For these reasons, there
have been demands for further advancement of and
innovation in the electronic control field, where quick
and significant enhancement of technology holds one
key to the company's success. This was the environment
that led to the decision to move part of the Electronic
Control Development Section to the new center to
embark on innovative development work.

Among the candidate locations, the Shin-Yokohama
area was chosen since it has relatively easy access to
both Fuji and Atsugi and is also advantageous for
recruiting engineers in the electronic control field. As it
has become quite difficult to hire engineers in this field
lately, ease of recruiting was also one of the factors
considered in making a decision to open a new
development hub in the center of a metropolitan area
with a high population density.

3. Surroundings

The Shin-Yokohama Engineering Center is located in
a business area, about a five- or six-minute walk
northeast of Shin-Yokohama Station. As its neighbors,
the new building has the forty-two-story cylindrical-
shaped Shin-Yokohama Prince Hotel, the International
Stadium and the Yokohama Arena that accommodate
70,000 and 17,000 spectators, respectively. Therefore,
when an event is held, the employees of the Shin-
Yokohama Engineering Center cannot avoid
encountering traffic jams, packed parking lots and waves
of people in Shin-Yokohama Station. On the positive
side, they have plenty of places where they can enjoy
nightlife after work.

The center is also blessed with a splendid natural
environment. On the north side, the Toriyama River, a
branch of the Tsurumi River, flows between two city
streets. The employees can also enjoy taking a walk
during their lunch hour around the Shin-Yokohama
Station Park that stretches along the banks of the river.

The Shin-Yokohama Engineering Center occupies the
third and fourth floors of a twelve-story building built in
1985. The total floor area is approximately 1,000 m2,
two thirds of which is used as a design room. Engineers’
desks are separated by 1.2-meter partitions, giving them
ample space to concentrate on their jobs. The remaining
one-third consists of a debugging room, a room for
intensive study of control programs and two conference
rooms for meetings with customers and suppliers.
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The conference rooms are equipped with facilities for
holding three-way videoconferences with both Fuji and
Atsugi. With an eye toward having state-of-the-art
information technology, the center also provides all
employees with a PHS mobile phone for use in the office.

Fig. 3 Working areas at Shin-Yokohama Engineering Center
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4. Outlook for the Shin-Yokohama Engineering Center

Hydraulic control development work is also divided
among the three centers in Shin-Yokohama, Fuji and
Atsugi, like the ATCU development operations. To cope
with the growing workload and to improve quality
efficiently, discussions are under way to explore future
strategies. Proposals have been made to consolidate the
three development centers and to integrate the Shin-
Yokohama Engineering Center with the system
development group, which is in charge of clarifying the
performance and specifications required for ATCUs.

In any case, we are determined to continue our efforts
to become an outstanding company that leads the world
in the AT and CVT fields in ten to twenty years. As the
development division steadily builds up its strength in
this process, we believe that the Shin-Yokohama
Engineering Center will play a major role as a pioneer in
this field. The Shin-Yokohama Engineering Center was
established through the tremendous support provided by
various departments of the company. We would like to
take this occasion to extend our deepest appreciation to
everyone for their assistance.

m (] Author =

Yoshiyuki KIMURA
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1. Profile

Registered Name JATCO Europe GmbH

Location Wolfsburg, Niedersachsen, F.R.G.
Established December 11, 1990

Capital 1.65million DM

Employees 66

Activity R&D, Import and Sales of

AT(Automatic Transmission)

We, JATCO Europe GmbH, are the European entity
of JATCO Ltd, Japan - a manufacturer specialised in
ATs for automobiles. Our main activities are R&D and
import and sales of the AT in Europe. The AT is well
recognised as an industrial product which highly requires
the most advanced and accurate technology amongst all
automotive units, components and parts. A close
communication to establish an intimate relationship with
our customer car makers is crucial for us as an AT
maker. It is, therefore, our company policy to work as
close as possible to our car makers. This has led us to
deploy our business basis: in Germany, headquarters in
Wolfsburg, an office in Cologne, and there are also
branches near Birmingham in the UK, near Brussels in
Belgium, and an office in Paris, France.

Fig. 1 JEG office

" JATCO Europe GmbH

- 140-



A b3 - I3—0Ov/NUEG)DIBN

2.ZXIDRAS L

oooooooooobobooooooboboboboo
gooooooooooooboooboobooboobbbobb
ooooooooooboooooooobobboo
gooooooooooooboooboobooboobbbobb
ooooooooooboooooooobobboo
gooooooooooooboooboobooboobbbobb
oooooooooooooooobobboboboo
goboooobooobooooboooDbo
oooooooooooooooobobboboboo
goooooooooooobobbbbbboobo
gobooooooboooooboooooooooo
ATOOODODOOO0ODOOOoO0oobOoOoooDoog
ooooooooooooooooobooboboboo
goooooooooooobooboboobbbbobb
ogobooobooobooobooosgooooon
gobobobobobobooobo

oooboooooboATODOOOODOOOO0
goooooooooooobobbbbbboobo
oon

o0 oooooobooobooseMwbO g
0 0O VWO LAND ROVERO JAGUAR,MG ROVERD
goooooooooooobooboboobbbbobb
oooooooboobbboboobooogogoogcevr
goooooooooooobobbbbbbobb
ooboboboboogoooo

3.IRIE

ooooooooooboboooobbboboboboo
gooooooboooboobogobog200kmb O
ooooooooooooooooobooboboboo
gooooooooooobooobobobbbbobo
goiesuovwooogoooooooooooon
gboooboobobovwgooooooboon
oooooooooooooooooobobboo
gbobooboobobooboobvwhgboono
gobooooooboooooboooooooooo
gootoovwogooooobooooooooo
oon

gboooobooboobobooboboobogn
oooooooooooooooooobobboo
goooooooooooobooboboobbbbobb
O0DOoOO0DOvwOOOD D OO0 AutostadtO O O
goooooooooooobooboboobbbbobb
O00000D0OD0AutestadtD OVWO ODODODO
goooooooooooobooboooboobbbobb
oooooooooobooooooooobboo
gobooboooboobbooobooboon
ooboboboboogoooo

2. Purpose of the establishment

In recent years, the world of automotive industries
has been changing drastically and dramatically. M&A
and alliance took place everywhere. Japan is no
exception any more. An even further renovation of
technology /sales as well as a lot severer environmental
requirement are the issues that every car manufacturer is
now tackling, and which eventually requires a huge
amount of capital and resources to invest. The
consequence is that it becomes very hard for any maker
to sustain a burden of investment alone. By renouncing
an "in-house made" policy which has been in practice by
car makers for many years, they are currently
accelerating on the creation of a new system where they
can focalise their resources on automobile R&D and
production and sales. Other areas such as units,
components and parts are to be purchased and supplied
from specialized makers. As a product of the most
advanced technology such as a CVT(Constant Variable
Transmission), Step AT and Hybrid, the AT is, amongst
others, the most focal domain where high interest and
attention are shown by car manufacturers. In particular,
the attention focused towards JATCO as a leading
company out of 3 AT makers existing in the world, is
outstanding.

The European market, with a lower penetration of
ATs in comparison with that of the Japanese and US
market, is supposed to have a big potential of
augmentation of AT demand in the coming years. Based
in the heart of the European market since 1990, we
started our business first with BMW, then grew with
VW, Land Rover, Jaguar and MG Rover. Being deeply
involved in the new car development of several
European auto manufacturers through our unique
technologies, we are confident that our business in
Europe is promised to expand further.

3. Our location

Our head office is situated near the former East
German boarder in Wolfsburg. The German capital,
Berlin, is only about 200km away. Wolfsburg used to be
only a small village. However, since VW built up
factories for the production of the Beetle, it has kept
growing to be renowned for the city of VW, the largest
automobile manufacturer in Europe. It is basically a
corporate city of VW. Everyone in the city seems to be
involved with the manufacturer directly or indirectly. A
good example is that it gives an impression that 90% of
cars running in the town must be models of VW or those
of the VW group.
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The city's landmark, which naturally comes up in
everyone's mind, is the historical castle of Wolfsburg
where the city's name was derived, and the modern
Autostadt(auto town) of VW. The medieval castle,
which has an artgallery and museum, is now a cultural
centre for citizens. Autostadt, a super modern
architecture under an innovative concept, is a car
stockyard, a new car reception, a car showroom and an
event hall all at the same time. With its multiple
characteristics and functions, this is now the hottest spot
for the young generation.

Braunscheweig, only a 15 minute drive from
Wolfsburg, is the city of Henry the Lion, well known
and respected as a founder of Munich, as well as the
centre of not only culture but also economy as the
second largest city of this region. Its long history and
tradition preserve quite a few monuments and sites
worthy of visiting, such as The Church of St. Michael,
The OId City(Altstad), Remains of City Wall, Lion of
the Castle etc. There are several families from our
company who enjoy life in this city.

Last but not least, our reference must be made to
Hannover. It is the largest city in this region and
recognised as the centre of High German, which is
considered as the standard German language. In
addition, International Messe (exhibition) is another
element that makes the city of Hannover so well known
world wide. This city is particularly important to us, as
it has the closest international airport, although it is
about 100km away, which we use almost every day.

m [] Author m
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1. Automotive automatic transmission structure

(Fig. 1)
Application Number : 3-234675
Application Date : 9.13.1991
Patent Number : 2988542
Registration Date : 10.8.1999
Title : Automotive automatic transmission structure
Inventor : Yuichi Uematsu JATCO Europe GmbH

O Summary of the invention™
It is an object of the present invention to provide an
automatic transmission which may be designed to be
shorter in an axial dimension than conventional
automatic transmissions.

In order to accomplish the aforementioned and other
objects, an automatic transmission is provided, in which
a rotatable member is provided with a brake mechanism
arranged at an outside portion thereof, a sensor is
arranged so as to detect rotation of the rotatable
member(4c), and a portion of the brake mechanism(5) is
formed with an opening for permitting access of the
sensor(7) to the rotatable member(4c), the sensor(7)
being mounted disposed in the opening(5h).

According to this invention, an automatic
transmission is provided including: a transmission
casing; a high clutch; a low and reverse brake arranged
radially outward of the high clutch, the low and reverse
brake including a clutch plate assembly which is axially
offset from the high clutch toward a central area of the
transmission casing, piston, and an arm member, the arm
member(5e) including a cut out portion(5h); and a
sensor, the sensor(7) detecting a rotational speed of a
clutch drum(4a) of the high clutch and penetrating the
transmission casing at a location corresponding to the cut
out portion(5h) of the arm member(5e) of the low and
reverse brake.
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2. Exhaust braking control apparatus

(Fig.2 & Fig.3)

Application Number : 3-84793

Application Date : 3.25.1991

Patent Number : 2977929

Registration Date : 9.10.1999

Title : Exhaust braking control apparatus

Inventor : Jouji Kouta Product Development Group No.4

O Summary of the invention
It is a main object of the invention to provide an
improved exhaust braking control apparatus which can
ensure freedom from working fluid pressure shortage
caused when exhaust braking continues during a gear
shifting operation.

There is provided, in accordance with the invention,
an exhaust braking control apparatus for use with an
automotive vehicle having an engine, an exhaust passage
through which exhaust gases are discharged from the
engine to the atmosphere, and an automatic transmission.
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The exhaust braking control apparatus comprises a
control valve situated for movement between a fully-
open position and a fully-closed position within the
exhaust passage to control exhaust gas flow through the
exhaust passage, and a sensor sensitive to vehicle speed
for producing a sensor signal indicative of a sensed
vehicle speed.

The exhaust braking control apparatus also includes a
control unit including means for producing an engine
braking command signal when the automatic
transmission is in a select range for engine braking,
means for moving the control valve in a closing direction
to provide the exhaust braking effect, means for
producing a gear change from a higher gear to a lower
gear in the automatic transmission when the sensed
vehicle speed is less than a reference value, means for
inhibiting the exhaust breaking operation during the gear
change produced in the automatic transmission after the
engine braking command signal is produced, means for
producing a failure signal in the event of failure of the
exhaust braking operation inhibiting means, and means
responsive to the failure signal for decreasing the
reference value.
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