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The United States presidential election was held
November 2016. With Republicans holding all three
branches of the US government, the next few years in the
United States are sure to be interesting. More importantly,
the US automotive market will be heavily influenced by
any changes of NAFTA, oil exploration, FX, trade, and fuel
economy standards. Since the US market is primarily a two
peddle market, JATCO needs to carefully observe and react
to any potential market environmental changes. Fortunately
with JATCO's global manufacturing footprint, JATCO is
uniquely positioned for this uncertainty.

In 2005, JATCO Mexico began production of CVTs for
the US market. This was our first local production outside
of Japan. In parallel, the NAFTA local production ratio
target has been achieved due to complimentary supplier
localization support which has been crucial for CVT
production. With the enhancement of competitiveness
by the reduction of production and logistic cost, JATCO
Mexico has steadily expanded production capacity and also
reinforced quality. JATCO Mexico has now celebrated 11
years of local production and has the largest production
volume among JATCO group, delivering globally to the
US, Mexico, Europe, and Asia. At the moment, JATCO has
expanded localization globally to JATCO Guangzhou and
JATCO Thailand with JATCO's Monozukuri technology as
a global standard. CVT production requires a highly skilled
workforce and advanced manufacturing technologies.
Advanced key Monozukuri technologies for manufacturing
high quality CVT with high volume by local production
members is our JATCO's proprietary.

The key point is how to share with local members
the many years of knowledge from Japan, and how
to realize and develop a local, sustainable production
system. This requires a two way approach, both the hard

JATCO's Monozukuri technologies
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and soft aspects to solve it. For the soft element - human
development, local leadership was assigned as a skill
successor and trained in Japan. Upon return to Mexico
this expanded knowledge was transferred to each and
every local operator. For the hard element, JATCO Mexico
has adopted highly reliable and proven equipment with
a maintenance system to manage the best quality and
operation conditions. As JATCO Mexico has matured, a
smooth flowing production process has been maintained
by local production management.

A smooth flowing, CVT production line has a lot in
common with the performance of a CVT itself. The greatest
characteristic of a CVT is the smooth and flexible changes
of speed ratio. During the operation of the CVT, several
electrical signals are sent and received between the vehicle
and CVT to control precisely and efficiently. The CVT is
also monitoring all conditions to adjust and protect before
any case of failure. The Production line also has several
electric sensors monitoring equipment condition. This
information is utilized for the preventive maintenance
to avoid line stoppage due to malfunction. This kind of
preventive maintenance is key to be stable and flexible
production in local plant, and managed by local staffs
themselves.

With the current market uncertainty, JATCO is
fortunate to have a stable and well lead global Monozukuri
footprint. With our experience and mature local
management, JATCO has an opportunity to leverage our
high quality and highly innovative product and production
technologies. By responding flexibly and quickly to any
change is absolutely imperative for sustainable, high
quality, customer focused transmission supply. JATCO is
making further monozukuri evolution to respond to any

future challenges.
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1. Introduction

Powertrain technologies involve many critical issues
such as securing appropriate power performance and
contributing to reducing carbon dioxide (CO,) emissions,
among others. Transmission technologies have evolved
through the selection of the most rational means for
accomplishing these roles as one component of the
powertrain. Vehicles based on an internal combustion
engine (ICE) require a function for varying the engine speed
in order to cover a wide range of vehicle speeds owing to the
engine's functional limits. In addition, they also require a
function for multiplying the engine torque in order to obtain
suitable driving force. Existing transmissions are notably
effective in providing these functions in the most affordable
and efficient manner. In other words, existing transmissions
can be regarded as solutions resulting from the pursuit
of rationality in combination with currently available
ICEs. Moreover, these functions are generally performed
more effectively as the sophistication of the transmission

increases (Fig. 1).

Driving Force[N]
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0 2550 75100125501 7200
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Fig. 1 Transmission evolution and driving force curves
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Fig. 2 Energy density comparison of secondary batteries
and liquid fuels
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When we consider the further evolution of powertrain
technologies in the future, the most rational means for
obtaining these functions may naturally change if an ICE is
no longer presupposed to be the power source. For example,
a battery electric vehicle (BEV) that is propelled by electric
energy stored in a battery pack is one of the most promising
eco-friendly vehicles for the future. Because an electric
motor itself possesses ideal driving force characteristics,
it will not be necessary for BEVs to have a sophisticated
transmission.

However, at present, trying to replace all vehicles with
BEVs would presumably present issues with respect to
both cost effectiveness and current levels of technology.
For example, the energy density of lithium-ion batteries is
currently around 100 Wh/kg. In order for BEVs to travel long
distances, they must be equipped with large quantities of
batteries. This is one of the most serious issues for BEVs. It is
estimated that the energy density of lithium-ion batteries can
probably be improved to around 250 Wh/kg in the future.”
An example of a next-generation battery for which there are
future expectations is the metal-air battery with the potential
to achieve energy density of 1000 Wh/kg® as indicated in Fig.
2. Nonetheless, the need for BEVs to carry heavy batteries in
order to travel long distances will still not change.

Considering that the energy density of gasoline is around
12000 Wh/kg, an era when rationality can be obtained by
selecting a BEV as a vehicle for long-distance travel will
probably not come for a long time yet. In other words, even if
BEVs become affordable and generally available in the future,
liquid-fuel-powered vehicles will presumably still continue
to fulfill important transportation roles as before, and there
will be strong demands for their high-level evolution.

Therefore, this article will consider the rational evolution

of powertrain systems of vehicles powered by gasoline fuel.

2. Rational Powertrain Evolution through Electrification

There is certainly no doubt that electrification will be a
key element in powertrain evolution, even if the end result
is not BEVs. Generally speaking, it can be considered that
electrification will gradually secure rationality from the low
output power range and replace mechanical devices in turn,
including the transmission. (Complete replacement would
result in a BEV.) This scenario is envisioned from the fact that
it is difficult for ICEs to operate efficiently at low output power
levels and also the fact that the lower the power level of electric

devices, the more readily they can be obtained at lower cost.
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Fig. 3 Specific fuel consumption as a function of engine
output power at CVT and 6-speed AT operating points
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Figure 3 shows the specific fuel consumption (SFC)
of two gasoline-engine C-segment sport-utility vehicles
(SUVs) as a function of the engine's output power when
driven under the Worldwide harmonized Light-duty Test
Procedure (WLTP) mode. The figure shows the distribution
of operating points when the same engine was combined
with a 6-speed automatic transmission (6AT), represented by
the red plots, and with a continuously variable transmission
(CVT), represented by the blue plots. Even at the same level
of output power, SFC varies according to the engine speed.
Because the CVT allows flexible selection of transmission
ratios, it enables more suitable engine speeds to be selected
than the 6-speed AT. The results indicate that this flexibility
facilitates vehicle operation at a lower SFC level.

However, because of their very nature, ICEs have poor
SFC at low output power levels. As an example of an extreme
condition, ICEs consume fuel even when a vehicle is at rest
with the engine idling and does not require any motive
power. In contrast to that, electric devices only consume
energy in proportion to their output, and as the required
output power level decreases, the overall system can be
provided at a lower cost. In particular, with the present
level of automotive technology, a sufficiently affordable
system can be obtained if the required electric power can
be supplied by a 12-volt battery.

For the above-mentioned reasons, under a condition of
low output power, a rational system that takes into account
overall efficiency can be obtained by stopping the engine
and supplying the necessary energy from a 12-volt battery.
This represents a stop-start system. As an extension of this
concept, stop-start coasting and stop-start sailing are also
rational technologies from the standpoint of not wasting
fuel (Fig. 4(b)). Naturally, the transmission is required to
provide the functionality that supports these technologies.

Next, let us consider a low output power situation that
requires motive power. In this situation as well,electrification
is a more rational approach for the same reasons up to a
certain level. This “certain level” will change depending on
the evolution of technology. Rationality also includes the
perspective of cost effectiveness. Assuming that the cost of
future electric devices will be sufficiently affordable, we
will focus on rationality here purely from the perspective
of energy efficiency. Electrification provides a function
for regenerating deceleration kinetic energy as electricity.
Using this regenerated energy in the low power range for
motor drive with the engine turned off is effective in terms

of reducing fuel consumption (Fig. 4(c)). This represents a
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hybrid electric vehicle (HEV). Moreover, if we want to use
more energy for motor drive than the amount of regenerated
energy available, electricity generated by operating the ICE
can be converted to driving force for propelling the vehicle.
This condition represents what is called a series drive
system. This approach is effective if the amount of fuel
consumption reduced by motor drive exceeds the quantity
of fuel used in generating electricity (Fig. 4(d)). A system
where all the motive power is obtained from the electricity
generated by running the ICE represents a series HEV.

Next, we will consider under what type of conditions a
series drive system can be an effective solution. Basically,
in a series drive system the operating state of the ICE is
not constrained by the vehicle's operating condition, so
electricity can be generated while the engine is always
operating at its most efficient speed and load. The generated
electrical energy is converted to motive power again via the
drive motor for propelling the vehicle. If the efficiency of
the electrical system components is close to 100% at that
time, the series HEV is probably the most efficient system
among ICE-based powertrain technologies. Unfortunately,
however, the electrical system components suffer losses and
charging/discharging operations of the battery as needed
are also involved. Consequently, the actual efficiency of the
series drive system may be equivalent to that of operation
where efficiency is a certain percentage lower than the
optimal operating efficiency of an ICE (Fig. 5).

For vehicle operation at a relatively low power level, the
energy efficiency of a series drive system exceeds that of
an ordinary ICE vehicle under many operating conditions,
even taking this certain rate of decline in efficiency into
account. The reason is that the thermal efficiency of

ICEs is extremely poor in the low output power range.

(¢) Motor drive by
recuperation energy

(d) Motor drive by
generated energy

Fig. 4 Electrification steadily gains rationality from the low output power range
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Fig. 5 Equivalent specific fuel consumption line for a
series drive system

This means that the series HEV is a rational solution in
applications such as city driving where high output power
is not demanded. On the other hand, in high speed driving
that requires relatively high output power and in actual
driving modes involving acceleration and deceleration,
better efficiency is obtained by using the power of an ICE
to propel the vehicle directly via a mechanical transmission
without going through the electrical system. From the
perspective of efficiency, the optimal system is one that can
switch suitably between these operating modes according to
the driving conditions.

The losses suffered by electrical system components are
being reduced every year through technological innovation
(Fig. 6). As a result, the output power range in which the
energy efficiency of the series drive system is superior is
being expanded year by year toward the high power side.

2020 2025

o 94%
94 A;D 95%
/ 5% 96%
96% ¢
o
=]
g
L
Revolution Revolution

Fig. 6 Evolution of motor and inverter efficiencies
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Fig. 7 ICE evolution specialized for electricity generation
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3. Consideration of the Ultimate Solution taking into

account Further Technological Evolution

3.1ICE

For electrified powertrains of the non-plug-in type,
further improvement of the thermal efficiency of ICEs
will be absolutely necessary in order to further improve
efficiency dramatically. After the thermal efficiency of ICEs
exceeds 40%, it is thought to be very difficult to aim for any
further dramatic improvement. However, there are already
examples of marine engines, power plants and other engines
that achieve even higher thermal efficiency.” One key factor
here is how ICEs are operated. Further improvement can be
expected by narrowing down the operating conditions such
as by operating under a certain constant load or limiting the
operating speed, among other ways.

For ICEs of electrified automotive powertrains,
it is thought, for example, that reviewing the engine
specifications so as to specialize in electricity generation
would be effective in improving efficiency. Some examples
of specification reviews that can be considered include
reducing friction by lowering the top operating speed,
further engine downsizing that sacrifices response in the low
speed region, and relaxing noise and vibration criteria by
limiting the speed range used (Fig. 7). When using an ICE,
the fundamental system configuration invariably becomes
a series HEV, but if specializing in electricity generation
improves ICE efficiency to a greater extent than the total
loss incurred by the electrical system components, it would
result in a solution with ample competitiveness. In addition,
considering that the losses incurred by the electrical system
components will probably be reduced in the coming years,
it is assumed that this solution has sufficient potential to be
a rational option in the future under an even wider range of

operating conditions (Fig. 8).

500 ICE Specialized Power Generation makes rationality
of “Full-Series Drive “ powertrain

450
Equivalent consumption
400 1.6L DST ICE+CVT

Class: C-segment SUV
Driving cycle: WLTP

SFC[g/kWh]

/ Equivalent consumption
with Series Drive by
Generation Special ICE

Full-Series Drive

0 10 20 30 40 50 60
Output power [kW]

Fig. 8 Potentiality assuming a dedicated ICE for series
HEYV application
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3.2 Transmission

However, no matter how much the losses of the electrical
system components are reduced, such losses still cannot
be ignored. Even for an ICE specialized for electricity
generation, there will be conditions where it will be more
efficient to connect the engine mechanically for propelling
the vehicle. Such conditions are relatively easy to imagine.
For example, high-speed cruising in which the vehicle is
driven under a certain constant load with relatively little
fluctuation would correspond to such a condition. In this case,
would it be effective to equip a series HEV with a directly
linked mechanical power transmission system for high-speed
cruising? Unfortunately, in this case, the fixed transmission
ratios of a directly linked power transmission system would
not be a very effective measure. The reason is that an ICE
specialized for electricity generation would presumably have
to be operated at a certain constant load and constant speed
as much as possible in order to elicit its inherent efficiency.
Load fluctuations could be absorbed by the motor-generator,
but large speed changes would not be tolerated.

One effective solution here would be to use a
transmission once again. In this case, a wide ratio range
would not be required. For example, a transmission ratio
coverage of 3.0 would be sufficient to cover vehicle speeds
from 60 to 180 km/h while keeping the ICE speed constant.
However, multiple speed ranges would be required in order
to maintain the ICE speed as constant as possible, so ideally
a CVT would be the optimal solution. Moreover, the average
power transmission efficiency of a CVT can be dramatically
improved by limiting the transmission ratio coverage.” By
designing a transmission ratio coverage of 3.0, it is possible
to achieve transmission efficiency that is nearly comparable

to the level obtained with ordinary gear sets (Fig. 9).

Specialized CVT for cruising
(R/C=3.0)

>

Q y
8 —

(5]

i

I Current CVT
E (RIC=7.0)
c

©

=

0.3 05 1.0 2.0 3.0

Variator Ratio

Fig. 9 Transmission efficiency of CVT by specializing for
cruising
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The foregoing discussion has considered the rational
evolution of the powertrain for vehicles powered by gasoline
fuel, assuming a future age when the cost of electric devices
is sufficiently affordable. One ideal solution that can be
envisioned here is “a configuration consisting of a series HEV
equipped with an ICE specialized for electricity generation
and the mechanical transmission system of a CVT” ©.

In November 2016, Nissan Motor Company put its new
e-POWER series hybrid system on the Japanese market.
This system can be regarded as a major step in the evolution

toward the aforementioned ideal solution

4. Conclusions

Powertrain technologies have evolved through the
selection of the most rational means for satisfying the
required performance. They will presumably continue to
evolve in pursuit of rationality in the coming years.

Direction of future evolution:

Electrification: It will obtain rationality gradually
from the low output power range and steadily replace the
mechanical elements of powertrain systems. Owing to
the reduction of the losses incurred by electrical system
components, the output power range in which the series
drive system has superior energy efficiency is expanding on
the high output power side every year.

ICE: The rationality of the series drive system can be
enhanced further by reviewing ICE specifications so as to
specialize specifically in electricity generation.

Transmission: A CVT is the sole transmission capable of
being mated to such an ICE. Designing a CVT specifically
for cruising performance can be expected to improve
efficiency dramatically.

The e-POWER system that provides motor drive in
all vehicle speed ranges has the potential to evolve into
an ideally rational powertrain in the future through the

evolution of the technologies discussed here.
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With the environment surrounding the automotive
industry continually changing, the product appeal of
vehicles themselves is constantly evolving and advancing in
order to respond to diverse needs such as the requirements
of the market and social environment as well as customers'
demands. Among other things, this entails evolving towards
zero emissions, higher fuel economy, better durability
and reliability, enhanced safety and comfort through
autonomous driving and other advanced technologies, and
improved power performance.

The automatic transmissions (ATs and CVTs) by those
JATCO contributes to automotive society are critical
system components that decisively influence the product
appeal of vehicles. Naturally, we must constantly evolve
and innovate our products and monozukuri technologies to
meet these diverse needs, as well as to achieve further future
expansion of our customer base (vehicle manufacturers) and
also expansion of the geographical regions to which our
transmissions are supplied.

Let us consider here what is required of our products
and the innovations in our monozukuri technologies that we
are now endeavoring to accomplish.

At JATCO, we supply highly efficient, high quality
products, as typified by our CVTs, on a global basis. While
responding to our customers' diverse needs, we are also
undertaking the challenge of expanding our markets further
based on new products and technologies.

In terms of the product appeal required of our
transmission hardware, assuming that the performance is
identical, the lighter, smaller and lower-priced the base unit
is, the greater its potential is for use by more customers
on a wider variety of vehicle models. This situation is
presumably the same for our competitors.

For the purpose of improving fuel economy, drivability
and comfort, all transmission manufacturers are also
competing furiously to achieve innovations in software,
including expanding ratio coverage, enhancing control logic
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and implementing collaborative control with the engine or
the traction motor. Microprocessors, semiconductors and
all of the electronic or mechatronic individual components
are making dramatic advances in performance. Recently,
there have been striking technological innovations in the
areas of artificial intelligence (AI), virtual reality (VR) and
the Internet of Things (IoT).

How effectively these technologies can be used in
control software design based on various types of simulation,
in system development, in performance evaluations and in
other tasks at the product planning and development stage
will be a key element in the future. It will be required closer
teamwork by our design, testing, prototyping and production
engineering departments. Or whether we will be able to use
these technologies to give our products a competitive edge,
such as in real-time computations for transmission control
during actual driving, will also be a key element.

Meanwhile, as mentioned earlier, our transmission
products must inevitably pursue lighter weight, smaller size
and lower cost in order to have greater degrees of freedom
for mounting on vehicles. Competiveness in these aspects
that cannot be avoided is also depends on innovation in
monozukuri technologies.

Also, let us consider individual component parts.
For example, take parts that so far have been cut out by
machining. The merits of rolled steel sheet, castings, alloy
steel and various other materials must be used effectively
according to the function of each portion of the parts. Parts
will be divided, the pieces formed and then subsequently
joined together to have the requisite strength and accuracy,
resulting in ultralight-weight, high-accuracy parts. In some
cases, composite parts composed of dissimilar materials
will also be needed. They will require new innovations and
advances in joining technologies. To date, we have been
working on precision surface machining technologies for
pulleys, gears and other parts, and it will be necessary to
aim for even high functionality in this area in the future.
Efforts to advance our technical levels further and to deploy
these technologies globally are also essential.

Achieving greater flexibility in our production capability
is also necessary in order to expand our customer base and
cope flexibly with fluctuations in demand. This does not
simply mean efforts just to facilitate easier setup changes or
to shorten production times. Rather, it means pursuing the
ideal form of monozukuri in our Jatco Excellent Production
System (JEPS). This is being done through activities to
halve the number of processes, what we call “Process 1/2",
and to implement the Jatco Standard Line (JSL) globally as
standardized production operations. It involves shortening
lead times to the ultimate limit, eliminating intermediate
inventories and heightening the level of synchronization
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from the raw material stage to the final shipment of our
products. In turn, this will make possible flexible production
aligned with the demands of our customers.

The potential need for unexpected production
complementation between lines or between our assembly
plants is also being considered. We aim to put in place a
system that can also cope with demand fluctuations and
sales trends for each vehicle model in global markets based
on the minimum initial cost and shortest possible lead time.

This sort of system cannot be constructed by the
production division alone. It requires the simultaneous
pursuit of efforts, for example, to reduce part varieties by
consolidating and discontinuing specifications through
teamwork with the R&D division, to create production
designs premised on global production, to have an
information system for unified management from production
workplaces to the customer, to make innovations in
production planning, and to formulate strategies for global
procurement, logistics and quality, among other things.

Naturally, it will also be necessary for our parts supply
partners to increase the levels of synchronization and
flexibility of their own production lines. Our monozukuri
divisions consisting of purchasing, R&D and production
are already working closely together to promote vigorous
activities that transcend walls between divisions and
companies.

Ultimately, our competitiveness is synonymous with
our monozukuri technological capabilities. Accordingly,
how effectively we can evolve and innovate these
technologies will be directly linked to the strengthening of
our competiveness in the future.

Moreover, these technologies are not limited to specific
technical areas such as part design or machining techniques.
All our departments, including R&D, production,
purchasing, logistics and information systems, will have
to innovate their own specialized capabilities and promote
stronger collaboration across departments and companies.
We recognize that the task we must address is to continue
to evolve and innovate our monozukuri technologies as our
comprehensive corporate strengths.

The special feature in this issue describes some of the
activities under way to evolve and advance our monozukuri
technologies. We intend to continue to push ahead
vigorously with various activities aimed at evolving these
technologies further. We are confident that when we have
truly accomplished this task, JATCO will evidently be the
world's No. 1 monozukuri company.

*Monozukuri has been defined as the “Development and
manufacturing activity for excellent production with our
supply partners”

Toward Innovation in Monozukuri
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Summary Nowadays, in the globalized market, it has
become of paramount importance to know as exhaustive
as possible one's competitors as well as the customers'
requirements, particularly in the automotive industry. This is
where benchmarking comes in, providing valuable information
obtained from observing the market, analysing measurements
and keeping up with the latest technical developments.

Inregards to drivability and performance measurements,
Jatco France noticed there were opportunities for enhancing
the way the measurements were analysed. In order to take
advantage of these opportunities, we have been developing
an automation tool that improves efficiency of benchmarking
work, the quality and quantity of reporting and also saves
time. In this paper, the new Jatco Benchmarking Analysis
Tool —“J-BAT "~ is described in detail.
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1. Introduction of Benchmarking in JATCO

Among the different techniques used by companies to
surpass their competitors, benchmarking is, by far, one of
the best ways to obtain valuable information. It represents
the process of comparing one's business practices and
performance metrics to the industry standards as well as to
the best practices of other companies, particularly the best
in class and direct competitors.

At Jatco, the three main goals of benchmarking
activities are being set as below:

* Knowing the competitiveness of Jatco products as

alternatives to best in class and direct competitors

* Knowing the global & regional trends in order to

predict future requirements

* Proposing target values for future products & projects

to come.

For the development of future Jatco transmissions, some
of the important criteria are drivability and performance.
The process of benchmarking consists of selecting a vehicle,

performing a static and dynamic evaluation following the
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standard Jatco model and then analysing the results so as to
draw conclusions from the data.

In the aim to cover most of the global scene, the
benchmarked vehicles and powertrains are tested in many
different conditions and manoeuvers, taking into account
various possible driving patterns. We consider conditions
both external to the vehicle and internal, such as altitude,
cold and warm temperature; as well as the profile of the
road (flat, uphill, and downhill). The vehicle is tested using
more than 10 typical manoeuvers, for example: Auto Up,
Lift Foot Up-Shift, Reacceleration, Idle Stop, etc.

A single benchmarking session results in a collection
of more than 1,000 measurement data per vehicle which
should be analysed. This analysis leads to the creation of a
report on the competitiveness, on the regional trends as well
as of some proposals of target values for future products, in

terms of drivability and performance.

2. Automation of Measurement Data Analysis (J-BAT)

Originally, the analysis of big data was not optimized, as
it was mainly done manually. Moreover, depending on the
person, different output values could appear for the same
type of criteria. In order to enhance the efficiency and get
higher quality of data analysis, Jatco France decided to start
the development of the Jatco Benchmarking Analysis Tool
(hereafter J-BAT). It has also lead to a significant increase
in the total number of outputs obtained.

2.1 History

The development of J-BAT started in February 2015. In
the same year, Jatco France consecutively hired two trainees;
one with an IT background (University in France, specialized
in Electronics, Computing and Telecommunications, called
ENSEA) and another one with an automotive background
(Automotive French Institute, called ISAT).

In2016,Jatco France decided to accelerate the development

of the tool, calling on a MATLAB specialist's service.

2.2 Development

The development of J-BAT is done using the
MATLAB programming language and is divided in two
main programs: the basic program, relating to all generic
functions (such as importation of data & exportation of
output) and the application program, containing all specific

features for each type of manoeuver.
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Fig. 1 J-BAT — Main interface display
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Fig. 2 J-BAT — Preview display

Fig. 4 J-BAT — Drive away display
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Fig. 3 J-BAT — Main display (Idling Stop)

Fig. 5 J-BAT — Criteria display
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In order to fulfil the future user requirements, it
is necessary to write the specifications for both of the
programs. This task is done by Jatco France.

The criteriadefinition is mainly done by Jatco Japan, with
strong collaboration of Jatco France for the algorithm. The
contributions of MATHWORKS are sometimes welcome
when issues arise concerning MATLAB functions. The
short term maintenance is done by the MATLAB specialist.

Finally, the users of J-BAT contribute to its development
by giving feedback. Through several loops of PDCA, the code

is well improved and the requirements are better fulfilled.

2.3 J-BAT: Composition

J-BAT is composed of many different interfaces which
have separated roles and functions, all directly linked to the
requested output. The following figures (Fig. 1 to Fig. 5)
show how the information is displayed.

2.4 Deployment
J-BAT is presently used in all Jatco affiliates: in Europe,
in USA, in China, in Japan & in Korea.

2.5 Type of inputs & outputs

J-BAT accepts different types of inputs for measurement
data, issued from in-house tools, ETAS-INCA (Data
acquisition tool) and MATLAB.

The overview of the flowchart concerning the required
inputs and the outputs is described in the Fig. 6.

Fig. 6 Flowchart — Inputs & Outputs
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Fig. 7 Visual comparison
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Fig. 9 Chart with rating

J-BAT can provide 4 different types of outputs: the
visual comparison (Fig.7), the comparison with DATA
thanks to the physical value function of criteria (Fig. 8), the
chart with rating (Fig. 9) and the global database (Fig. 10).

Criteria Values

Name DATA Critl Crit2 Crit3 Crit4 Crit3 Crit6 Crit7 Critg

Measure_01 25.5 0.71 0.18, 2.2] 2.91 3.43 3.1 3.73
Measure_02 100| 1.91 0.04 2.11 4.02 4.42] 4.18) 4.81
Measure_03 100| -0.39 0.03 4.63 4.24 5.16| 4.91 5.41
Measure_04 100| 3.35 0.06 0.26 3.61 4.68| 4.44 4.99
Measure_05 100| 2.13 -0.06 2.24 4.37 4.83 4.54 3.17
Measure_08 100| 3.16 0.04 0.54 3.7 4.31] 4.06 4.62
Measure 07 100| 3.2 0.15 1.29 4.49 4.95 4.62 5.32
Measure_08 43 3.16 -0.05 0.71 3.87 449 4.23 4.75
Measure_09 48.5 2.85 0.08, 1.59 4.44 4.92] 4.59 5.25
Measure_10 49 3.54 0.09 0.49 4.43 4.92] 4.55 5.33
Measure_11 50.5 4.45 0.14 0.01 4.46 4.93 4.5 5.32
Measure_12 50.5 4.18 0.22 0.19 4.37 4.93 4.61 5.36
Measure_13 26.5 3.95 0.07 0.02 3.97 4.52] 4.14 4.69
Measure_14 26, 2.49 0.05 1.88, 4.37 4.92] 4.54 5.1
Measure_15 25.5 3.26 0 1.46 4.72 5.26) 4.88) 5.39

Fig. 8 Table comparison

Fig. 10 Global database

Fig. 11 Process to feed the database
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In benchmarking activities, it is often the case that
we want to display the controllability of the vehicles,
issued by a comparison between different manoeuvres;
the preciseness of the behaviour of the powertrain for
one specific manoeuver as well as simply the comparison
between two (or more) competitor vehicles.

In project activities, there is a strong need to check
the improvement of the settings and calibrations of the
powertrain, as well as to check the result of its behaviour
in different types of situations. The information concerning
the above examples of the possible outputs of J-BAT can be
displayed in 2 ways: either by visual comparison (Fig. 7),
which clearly brightens up the reports, or by physical value
in the table layout (Fig. 8) issued from calculation from
criteria, which is mainly used by specialists for drivability.
The combination of two output files give an image of
objective values of vehicle and powertrain behaviour.

In both activities, we also focus on the subjective
evaluation. Following a standard that associates a rating
with the driver's feeling, there are a couple of ratings for
each manoeuvers, mainly taking into account the vehicle
acceleration fluctuations and the response of the vehicle with
respect to the operation of the driver. Once the evaluation of
the vehicle is done, J-BAT can provide in visually appealing
way (Fig. 9) the overview, as well as the detailed information
about the driver's feeling for some manoeuvers.

Furthermore, three of the main goals for benchmarking
are to know the competitiveness of Jatco products, the
global & regional trends, and to propose target values for
future products & projects. The global database (Fig. 10) is
in development for that reason. The process of feeding the
database is described in Fig. 11.

3. Benefits of using J-BAT

By the usage of J-BAT, as shown on Fig. 12, Jatco
considerably enhanced the automatization and optimization
of the analysis of big data, while also decreasing the workload
and shorten the required duration of data analysis. At the
same time, we increased both the quality and quantity of
data analysis, which leads to a decrease in the possibility of
human error and provides a clearer process for data analysis.
Furthermore, J-BAT increased the user-friendliness of data
analysis. For instance, since J-BAT automatically detect the
requested event (move of lever, action on accelerator pedal--),
the comparison between two or more data measurement is

really simple, which is not the case with other tools.
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Fig. 12 Advantage of J-BAT vs data manually checked
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4. Future Opportunities

As there is always room for other improvements, the next
steps of J-BAT will be to optimize the calculation, to continue
the development for project in order to fulfil project teams'
requirements. Also, we will include all features for powertrain
& transmission performance (shift pattern, shift speed -*-).
The awaited finalized database for competiveness, global &
regional trends should also be a part of the next development.

In addition to the benchmarking team, J-BAT will be
used step by step by all the project teams in order to check
the progress during the development phase (from early
stage of development to after sales).

5. Conclusion

This paper has described a newly developed automation
tool (called J-BAT) that analyses the measurement data,
issued from drivability and performance benchmarking
activity. J-BAT enables the inter Jatco worldwide
benchmarking team to analyse the data and to get significant
outputs that also enhance reporting.

In a short time, J-BAT will have fulfilled all of the
project teams' major requirements and will also contribute
to the definition of the target of the future Jatco products for
drivability and performance indicators.

The author would like to thank everyone involved for
their valuable support concerning the development of such

an excellent benchmarking tool.
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Summary The Jatco CAN Recorder/i (JCRi)
system was developed independently in-house as a new
measurement system for facilitating innovations in
experimental and measurement work. JCRi enables anyone
to measure, record, and analyze vehicle test data easily by
just using the fingertips to operate an iPhone®/iPad®. In
addition to providing feedback on issues that were recorded
with previously used measuring instruments, this system
makes use of the latest Internet of Things (IoT) technology
to dramatically speed up the entire process from the start
of testing to the analysis of the data. This article describes
the principal features and functions of JCRIi that has been
developed to reform JATCO's vehicle testing activities.
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1. Introduction

The spread of smartphones such as the iPhone® in recent
years has made it possible for anyone to always can be
connected to the Internet. The communication environment
has changed to one in which people can communicate
irrespective of physical distances by using social networking
services (SNS) like Facebook® and LINE®.

In-vehicle electronic control units (ECUs) have come
to incorporate large-scale software programs. New in-
vehicle LAN communication protocols have also appeared
as techniques for sharing large-volumes of data on vehicle
conditions at high-speed among ECUs with an eye toward
autonomous driving.

Accompanying this increase in vehicle functions, the
scale of in-vehicle electric/electronic systems is tending
to increase both in terms of number and size. The number
of vehicles used in fleet testing and other types of vehicle
tests is also continuing to increase. Moreover, as a result
of the globalization of development work, there are more
cases today where tests are conducted at remote locations.
In this regard, a new issue that has also occurred is a need
to shorten the lead time for delivery of large amount of data

= JEBRIR
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Fig. 1 Jatco CAN Recorder/i
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JCRi concept
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Fig. 2 JCRi system concepts

measured in one country to the hands of specialists at an
R&D center in another country.

In view of these environmental changes, in this
development project we set about to construct a system that
would dramatically speed up experimental work by making
effective use of the latest IoT technology.

The following sections present an overview of the new
JCRi system.

2. Concept and Function

2.1 Concept

The aim set for the development of the JCRi system
was to create a system suitable for the IoT era and one with
functional performance that would overwhelmingly surpass
previous measuring equipment. To accomplish that, we
defined five concepts, as shown in Fig. 1, around which the
system was planned. As indicated in the figure, attention
was focused on five major functions required of the system,
namely, monitoring, recording, saving, connection and
utilization. This concept was designed to achieve dramatic
improvements in experimental work.

The innovations made in the five major functions

embodied in the new system are explained in detail below.

2.2 Details of functional innovations
2.2.1 Innovation in monitoring function

At JATCO, we previously used many drive recorders as
instruments for measuring data for subsequent examination
in the event that some unexpected problem occurred while
conducting a vehicle road test. In order not to interfere with
driving operations and the test procedure, the recorders
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were always made as small as possible and installed where
they would not be conspicuous. Consequently, the recorders
were not fitted with a monitor, and the work of confirming
the data always had to be done by taking it back to the office
at the R&D center for analysis.

However, owing to the increased complexity of in-
vehicle electric/electronic systems in recent years, there
have been not a few times when the cause of a problem could
not be pinpointed just by analyzing the recorded data in the
office. In such cases, a replication test had to be conducted,
but it was extremely difficult to conduct such a test without
knowing the cause of the problem. Therefore, it was decided
to construct a measurement system for monitoring all the
related data on the spot whenever a problem occurred
during testing.

A data analysis application was newly developed in-
house specifically for the iPad® terminals used with JCRi
(Fig. 2), making it possible to analyze the cause of a problem
that occurs in a vehicle during testing by monitoring all the
data possibly related to the incident. By enabling data to be
analyzed on the spot when a problem occurs, this function
has dramatically improved the speed of analysis.

When conducting a vehicle test, the test driver is
required to execute accurately and repeatedly the driving
mode being evaluated. For example, the driver must operate
the accelerator pedal accurately according to the amount
of pedal depression specified in several test patterns.
To accomplish that, it is necessary to have a device for
monitoring in real time the amount that the accelerator
pedal is depressed. Previously, a custom-made analog
meter was installed in a test vehicle as a tool for monitoring
and displaying the amount of accelerator pedal depression.
However, in addition to being extremely expensive, the
meter was designed in the early 2000s, so it is now difficult
to obtain semiconductor parts for it. Not only is it impossible
to procure a new meter, it is no longer possible to repair the
meter today.

An application for monitoring data via an iPhone®/
iPad® was developed for JCRi, enabling a vehicle test to be
conducted while visually checking the vehicle data, such as
the accelerator pedal angle, in a manner similar to viewing a
navigation system screen. Special care was taken regarding
the switching of the screen displays of this application. Two
types of screen displays were prepared; one type is a digital
display for confirming values in real time (Fig. 2) and the
other type shows time-history waveforms. Displays can be

switched by simply swiping the screen with a fingertip. This
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Fig. 4 JCRi setup

improvement enables a test driver to use the monitoring
functions needed for a test by flexibly changing the screen

display format in a stress-free manner.

2.2.2 Innovation in recording function

The most general measuring function of a drive recorder
is to leave a record of data concerning phenomena that
occurred in the past. In order to record problems whose time
of occurrence is unknown, it is necessary to continuously
record data at all times. In cases where the operation of a
switch or some other recording trigger is not activated, a
software-like process runs continuously in which the oldest
recorded data are discarded. Consequently, a large-capacity
storage device is needed to save highly accurate data for a
long period of time.

JCRI has a large-capacity microSD card for industrial
use installed in the main unit, enabling it to store large
volumes of data while holding down the cost.

It is usually necessary to activate a trigger for making
recording. Generally, a manual trigger that a test driver can
push when abnormal behavior is perceived is also provided
in addition to an automatic trigger, which is activated
when certain preset conditions are met. One issue in this
regard is where to locate the manual trigger switch in the
vehicle. The main unit should be positioned where it does
not interfere with driving operations, but it is desirable to
locate the switch where the driver can easily push it. Many
types have the switch taped somewhere near the steering
wheel, but that has given rise to a problem that the switch
might be knocked down when the driver executes steering
operations. Another problem has been unsightly appearance

in demonstration driving tests driven by customers.
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Fig. 5 Illuminated switch
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For JCRIi, the interface with the main unit has the
same shape as a 350-ml juice can. This cylindrical shape is
designed to fit in the drink holder in the center console (Fig.
3). The manual switch is located in an easy-to-see positon on
top of the cylinder. Fitting the interface in the drink holder
eliminates any interference with driving operations. Since
the drink holder is located where it is easy for the driver to
reach, the switch is thus positioned where it can be operated
easily in evaluation tests of a wide variety of vehicle models.

Care was also taken to design the switch specifications
for ease of use in a vehicle. Because the test driver pushes the
switch while driving, the switch has been designed such that
the driver can reliably confirm that it has been pushed just by
feeling it with the fingertips. To accomplish that, the switch
adopted for JCRIi is the same type as the switches used on
game machines at game centers. It is necessary to ensure
that valuable data can be reliably collected when a test driver
perceives some problem in the vehicle. Game machine
switches have continued to evolve into ones that impart to the
fingertips an excellent feeling of clicking when pressed, and
the clicking sound is very easy to perceive. Consequently,
the adopted switch not only works to improve the aimed-for
reliability with little operational error, it has also contributed
significantly to holding down the manufacturing cost. In
addition, to address situations where a test driver cannot find
the switch by feeling for it during nighttime testing, a switch
with an illuminated outer ring was selected for use among
the game machine switches available. This feature makes it
possible to confirm the position of the switch with just a brief

eye movement during nighttime driving (Fig. 4).

2.2.3 Innovation in saving function

Many different types of measuring instruments are used
to measure experimental data in the process of developing
vehicles and transmissions. All the data represent valuable
output and assets. It is essential for all the employees
involved to be able to read out and share the data anywhere
and at any time. Therefore, efforts were also made in this
development project to innovate and advance the function
for storing data.

Ordinarily, a drive recorder is capable of obtaining
more data than other measuring instruments. In one test,
a drive recorder often obtains more than several gigabytes
of data over a long measurement period. Drive recorders
are often used to detect a variety of problems that occur in
widespread technical areas during actual driving such as

in fleet testing. Consequently, at the time a test is planned
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there are many cases when it is impossible to know which
engineers in which fields will view the data obtained.
Accordingly, a challenge was undertaken to develop a
function for saving data in a file format that anyone would
be able to view anywhere and at any time.

To resolve this issue, it was decided to adopt the JATCO
common format (JCF) as the data file format for JCRi. JCF
is JATCO's unique data format that was defined in-house.
It was conceptualized independently for the era of big data
and was adopted for JCRi in order to save all experimental
data in one unified file format.

By using JCF to save data, engineers are freed from
the burden of concluding a software licensing agreement
for each measuring instrument and also the burden of
remembering how to use such software, so long as they
master the use of the data analysis software designed for
JCF. Experimental data can also be easily compared because
the same software is used in making the comparison. In
addition, problems concerning differences in resolution or
accuracy caused by imbalances in specifications between
measuring instruments do not occur, either. Moreover,
even past data can be converted to JCF files and saved for
effective use several years in the future.

Data analysis software for JCF was also newly
developed in-house in this project. While practice and
education are needed to learn how to use this software, it
is not necessary to conduct various types of training and
education for each kind of measuring instrument and data
processing software. Consequently, the efficiency and speed
of training for analysis work have been markedly improved.

The screen layout of the newly developed analysis
software displays waveforms across the screen to the
maximum extent possible. In addition, new functions
convenient for analysis have also been added to this analysis

software (Fig. 5).

Fig. 6 New-view waveform display
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Itis expected in the future that this new analysis software
will reduce the workload of engineers and dramatically
speed up the work of analyzing not only data measured in
experiments conducted with JCRi, but also data obtained in
other experiments as well.

In addition, the accumulation of data using JCF and the
spread of JATCO's unified analysis software will enable
the sharing of data among the company's R&D centers
worldwide. This will contribute to facilitating smooth
launching of activities at JATCO's local subsidiaries when
JATCO employees go abroad on business trips or are
transferred overseas because it will be possible to make

measurements using the same measurement system.

2.2.4 Innovation in connection function

The three functions of monitoring, measuring and storing
represent the basic capabilities of measuring instruments.
The connection function explained here is a new capability
intended for the IoT era, and it is clearly different from the
basic functions of conventional measuring instruments.

When some type of problem occurs while conducting
a fleet test overseas, only the phenomena experienced
locally are usually conveyed back to Japan by email. In
such situations, it has often required a lot of time to analyze
the phenomena because the data measured during the
driving test could not be monitored in real time. With the
newly developed JCRi system, the data obtained in driving
tests conducted locally can be transmitted immediately in
real time to the R&D centers connected via the Internet.
The system thus enables a larger number of specialized
experts to participate in analyzing the data. And the system
is designed to allow maximum use of iPhones®/iPads®
because it would become extremely expensive if devices
having a dedicated Internet connection function were newly
developed. Figure 6 shows the configuration of the JCRi
system.

The data obtained in a vehicle test are converted to a
signal recognizable by an iPhone®/iPad® via the interface
developed for the JCRi system. The data sent by an iPhone®/
iPad® are displayed in real time on the device screen and are
also saved simultaneously. At that time, dedicated software
can be downloaded to the iPhone®/iPad® application. This
makes it possible to analyze the data in real time even during
the local driving test, including performing calculations
of strength and pressure suitability. Previously, analysis
software was used to conduct such analyses after the data

were measured.
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Using the new function described earlier in the
explanation of the innovation in the monitoring function,
the waveforms obtained can also be analyzed in real time
locally. However, the aim was to dramatically improve the
speed of analysis by adding innovation in the connection
function. Specifically, the measured data are uploaded
to a cloud server in real time. Because the test vehicle is
constantly moving, it encounters environments such as
tunnels and other places where radio wave conditions are
poor. The JCRi system continues to make retries until the
communication session is completed, so the test driver
can continue driving without having to worry about data
transmission.

The uploaded data are transferred to JATCO's server,
enabling specialist experts at the R&D center to conduct
detailed analyses in real time. The experts at the R&D
center can contact the test driver by telephone and easily
request additional driving patterns in order to perform more
in-depth analyses. This system now makes it possible for
experts to promptly analyze data collected from around the
world.

The use of iPhones®/iPads® facilitates this connection
function, but there are also other significant advantages
of adopting these mobile devices having excellent track
records in real-world use.

Standard features of iPhones®/iPads® include a 3-axis
accelerometer and GPS. An accelerometer is a necessary
measuring instrument for evaluating the driveability of a
vehicle, and GPS is an indispensable function for knowing
where a vehicle is currently traveling in a fleet test. The
accelerometer and GPS function available with these
devices can be utilized without incorporating any other
complex, expensive system. This minimizes the space
needed in the test vehicle interior for installing measuring
instruments, and test standby and setup activities are
remarkably easy compared with the previous system. There
is no need for complex wiring either, which is another
significant advantage.

As the iPhone®/iPad® themselves further evolve and are
improved in performance, the benefits of that progress can
easily be enjoyed, which is still another major advantage.
For instance, the JCRi system makes use of the voice
recorder built into the iPhone®/iPad®. Initially, that voice
recording function was used as a simple way of solving
problems of noise and vibration, but voice recordings are
now actually used in place of memos written by the test

driver. As one example, during a test to reproduce abnormal
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behavior related to shift performance, suppose the vehicle
encounters a rough road surface. At that time, if the test
driver records a voice message saying “rough road here,” it
will be possible later to easily know that the disturbance in
the G waveform was caused by the rough road surface.

The use of iPhones®/iPads® as described here not
only enables test data to be acquired much faster, it also
dramatically speeds up test setup work (Fig. 7). In addition,
the cost of installing measuring equipment for vehicle tests
has been compressed to less than 1/10 of the previous level.

2.2.5 Innovation in utilization function

Innovation is now under way concerning the use of
the results of big data analysis in the development of next-
generation models. This section describes the outlook for
the JCRi system with regard to utilization, which is the final
concept envisioned for the system.

As typified by Internet of things, Big data, Industry 4.0
and other recent trends, global manufacturing industries
themselves are now in a transition period in which various
aspects are undergoing fundamental changes. JATCO's
Experiment Department implemented the JCRi system to
reform our work processes, but we view this as just a transit
point. Beginning from this fiscal year, we want to utilize the
large volumes of test data collected with the JCRi system in
ways that have not existed previously.

If anything, our approach heretofore has been to deal
with problems after they occur. Naturally, we develop
our products so as to preclude problems by meticulously
investigating market requirements, executing detailed
designs and conducting tests repeatedly over a long period
of time. Nonetheless, there are many times when a problem
is first encountered during fleet testing. Problems are often
caused by some variation in things or by some change in
design or manufacturing or as a result of misjudging the
driving requirements. Problems do not suddenly occur one
day where there was nothing wrong before. A key factor in
preventing such problems from occurring is whether or not
one is able to perceive these minor differences or changes.

We are now at the stage of starting to develop new
methods of using JCRi as a tool for assisting us in discerning
such slight differences or changes. For example, we want
to apply new methods that have not existed previously to
analyze the test data accumulated in the form of big data
through the use of such techniques as data mining.

Additionally, we will continue to apply advanced, high-

performance devices typified by the iPhone®. For example,
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Fig. 9 JCRi system & vehicle setup
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if the Phone® iPad® were to incorporate a barometer,
we would probably be able to measure the atmospheric
pressure even with the JCRi system. We are also creating
ideas for the development of other applications for in-house
testing use that will not be just for R&D purposes. There
will be flexibility for other uses such as in quality assurance
service, speeding up sales activities and improving quality,
among other applications. For example, installing JCRi
as a monitor for displaying the status of the transmission
in a demonstration car for use by customers would make
it easy to emphasize the attractive features of the product
in an easy-to-understand way. The concept of utilization is
one that has any number of possibilities for such expansion
depending on the ideas applied. We want to continue to
evolve and expand JCRi further in the future as a base

platform for turning ideas into reality.

3. Conclusion

Testing of the principal parts of the automotive
powertrain has tended to be conducted using the same
methods continuously, as the parts have a very long history
as industrial products. The JCRi system was developed in
order to reform the test methods, and it has been effective in
bring about innovative improvements in work procedures.
We aim to further evolve the five key functions that were
defined for this system. In particular, we want to further
evolve the utilization function and present epoch-making
proposals for enabling engineers to pursue vigorous
activities in the years ahead.

Finally, the authors would like to take this opportunity
to express their deep appreciation to everyone concerned
for their invaluable cooperation and support for the

development of the JCRi system.

B Authors H
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Development of a Lubrication Prediction Simulation Method
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Summary At JATCO we are proceeding with efforts
aimed at innovating our monozukuri technologies in order
to improve the competitiveness of the company's products
and meet customers' diverse needs. One activity in this
regard is aimed at optimizing the lubricating oil distribution
in automatic transmissions for the purpose of improving
fuel economy and ensuring reliability. This article describes
a method for predicting lubricating oil distribution rates
using computational fluid dynamics simulations (CFD) in

order to optimize the lubricating oil distribution.
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1. Introduction

Supplying a sufficient quantity of lubricating oil is an
important factor in ensuring the reliability of automotive
transmissions such as ATs and CVTs. However, an
excessive supply of lubricating oil has an adverse effect on
fuel economy because it increases oil pump drive losses
and oil churning losses. In this project, we developed a
simulation method for predicting the quantity of lubricating
oil in CVTs and ATs using computational fluid dynamics
(CFD) calculations. This method is aimed at both ensuring
reliability and improving fuel economy by optimizing the

distribution of lubricating oil in the transmission.

2. Development Background

Lubricating oil in an automatic transmission performs
both primary and secondary functions. The primary
function is to reduce friction and wear by forming an oil
film between two frictional surfaces. Secondary functions
include cooling the heat generated by two frictional

surfaces, maintaining the cleanliness of metal surfaces, and

UM BEIY =T s BB R

Technology Development Office No. 1, JATCO Korea Engineering Corp.
w0 UV BEL D277 BB

Product Development Office, JATCO Korea Engineering Corp.

EB S AT L BSEER
Hardware System Development Department

s SRR

1331

Experiment Department

Development of a Lubrication Prediction Simulation Method

Fig. 1 Example of lubricating oil flow passages
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Fig. 2 Concept of optimal supply of lubricating oil

providing a seal between two frictional surfaces. In order
for a transmission to perform these functions sufficiently,
it is necessary to optimize the quantity of lubricating oil
supplied. For example, in the case of a CVT, as shown in
Fig. 1, oil flow passages are specifically provided to supply
lubricating oil to parts A and B that require lubrication.

If the work done by the oil pump is reduced, the
quantity of lubricating oil supplied to frictional parts may
be insufficient as indicated on the left side of Fig. 2. That
condition may worsen the cooling of parts and lubrication
performance, resulting in greater friction and other
losses that adversely affect the durability of an automatic
transmission. And as indicated on the right side of the figure,
supplying more lubricating oil than is necessary causes the
oil pump to work excessively, which leads to poorer fuel
economy. So it is necessary to design a system for supplying
the optimal quantity of lubricating oil as indicated in the
center of the figure.

Previously, the lubricating oil distribution design was
executed using a one-dimensional (1D) design method. The
lubricating oil flow passages in an automatic transmission
were calculated by approximating the equivalent lubrication
circuit consisting of orifices, curved pipes, straight pipes
and other parts. With that method, there was still room for
improving accuracy. The objective of this project was to be
able to make more accurate predictions of the lubricating
oil distribution by using CFD simulations in which the
actual passage shapes are more accurately reflected in three
dimensions (3D). As a result, another aim was to reduce the
number of verification tests needed.
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BWHTHER0)DIHNTE5.

V- (u, @uy) + w, X u,
p (1)
=7 () + vV vug

up : relative velocity to the moving reference frame [m/s]
up : absolute velocity [m/s]
wp : angular velocity [rad/s]
p : pressure [pa]
p : density [kg/m’]
v : velocity [m/s]
® : kronecker product
V@ gradient
WV - : divergence
ZLCATO S 45, i BB ICATFE 27 A3 Tw»
LR D720, Z DL E R Lz 7272K(2) ~ (4)
DI EDATFE LT IR UE I L HES TH
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3. Details of New Simulation Method

3.1 Modeling concept

In order to predict the lubricating oil distribution rates
in CVTs and ATs more accurately, it is necessary to consider
the lubrication characteristics of each type of transmission.
CVT lubrication involves only the oil in the flow passages,
so it is possible to perform simulation calculations with
one equation of fluid motion. However, in the case of AT
lubrication, air is entrained in the oil flow passages by the
rotation of the input shaft. Therefore, it was decided to
perform the simulation calculations taking into account the
rotation of the input shaft and multi-phases flow of gas and
liquid flow.

3.2 Development objectives
The development objectives were defined as noted
below, considering error level (ca. £10%) of the existing 1D
design method. For CVTs, it is necessary to achieve high
prediction accuracy for variator lubrication.
* CVT development objective
To predict lubricating oil distribution rates within error
of £3% of experimental data (a 70% improvement
compared with the previous method)
¢ AT development objective
To predict lubricating oil distribution rates within error
of £5% of experimental data (a 50% improvement
compared with the previous method)

3.3 Assumptions

The same assumptions were made for both CVTs and
ATs, except that one additional condition was assumed for
ATs because input shaft rotation must also be considered in
their case.

* Noncompressibility (Because the lubricating oil
pressure is low, the effect of compression is regarded
as being small.)

¢ Steady-state flow

¢ Constant fluid temperature and material properties

® No leakage

® Rotational speed of rotating parts does not vary
(assumption for ATs alone)

Development of a Lubrication Prediction Simulation Method

CARE L TR R X A Pl
HE RN TRIE T LZEEL T

ZEHE L T1o oWk
(VOF : Volume of

FluidE 7))
V;
1=y (2)

p= Zipiai (3)
M= Ziﬂiai (4)

CZTaldRAE R[], plI B [kg/m’], Wl THEFE [Pa-
S| THh 5.
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Fig. 4 Example of AT lubrication experiment
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Fig. 3 Example of CVT lubrication experiment

3.4 Simulation model
Applying the assumptions above to the Navier-Stokes
equations results in the following equation.

V- (u, @up) + w, X uy
(1)
= —V(E)+vv-wg

In the case of ATs, the effect of the mixed-phase flow
of the automatic transmission fluid (ATF) and air was also
taken into account. However, as shown in Eqgs. (2)-(4) below,
it was hypothesized that the local pressure fields and velocity
fields of the ATF and air were the same. Accordingly, the
physical characteristics due to the volume fractions were
calculated and the simulation calculations were performed
with one equation of fluid motion. ( A volume of fluid (VOF)
model was used. )

V:
a; = VL (2)

p= Zi;)iai (3)
p= Ziﬂiai (4)

Here, a is the volume fraction [-], p is the density [kg/
m3],and u is the viscosity [Pa-s].

4. Verification of Simulation Method
Verification tests were conducted using the experimental

equipment shown in Figs. 3 and 4. This experimental
equipment was capable of keeping the oil temperature
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Fig. 5 Verification results for CVT

Fig. 6 Verification results for AT

1371

constant. An external oil pump was used that discharged
the arbitrary flow rate required. In addition, in the case of
an AT, a motor was used to control the input shaft so that
it rotated at the desired arbitrary speed. Partitions were
provided inside the test transmission so that the lubricating
oil flow rate could be measured separately for each part to

which oil was distributed.

4.1 Verification Test Conditions

Tests were conducted in which the input flow rate
and temperature of the oil were varied in consideration of
test vehicle driving conditions in general. Extremely low
temperature conditions were excluded. However, in the case
of the test AT, the rotational speed of the input shaft was

also one of the parameters considered in the tests.

4.2 Verification results

As a result of verifying the simulation method
experimentally, it was found that the error of the CVT
simulation method was within *3% (Fig. 5) of the
experimental data and that of the AT simulation method
was within £5% (Fig. 6). The results confirmed that the
targeted accuracy was achieved.

5. Contribution to Improving Development Work
Efficiency

This use of this simulation method has contributed
to optimizing the amount of work done by the oil pump.
As shown in Fig. 7, it is now possible to output the
pressure distribution and flow rate distribution in a visual
representation. This enables development engineers to grasp
directly and specifically the points to be improved and the
effects of measures taken, which has contributed greatly to
resolving issues faster and to improving development work
efficiency. In addition, for CVTs an automatic input system
has also been established as a result of simplifying the
simulation input process as indicated by the user interface
in Fig. 8. This system helps improving the efficiency of
vehicle application work.

The targeted prediction accuracy for lubricating oil
distribution rates was attained by applying CFD simulations
using a 3D model that was constructed to reflect complex
lubricating oil flow passages. This newly developed
simulation method is already being used in activities
for transmissions currently under development. It is

contributing to improving transmission development work

Development of a Lubrication Prediction Simulation Method

Fig. 7 Examples of simulation results

5. EBMER_ENOEM

RFFEOTEHIZE)FANEY TOH: a0 fEL~
2 5-C&7z. Fig. TWIR T KT T 53 R0 3 Aii &
Va7 MM THIEBW RIS R o7, A ICES
TIIERDORS YRR EAIVE I, 2D BAK
B3R TEBEHIIRY, RERIROAE—FT v TR
BREOM FICKELF G L F2CVTICEL TR S
5IZFig. 8D I 3Ial—var A 7y ot HALIZ X
BLHEN ATV AT AOMEVL, @HEB ORI LIZE
NP QRS

T 7 R AR I % RO L 723D 7 VA #E 25 L CCFD
YIal—YarvEEHTAIEICXY, HEEX L 22
ST RS A E R TR BIAER TR O RO
THRRICARFE FEEGEHPTHY, e 208 i Bl 5
PRV R TELR REFHL, ARG D
BEN FICHBKL T 5.

6. &

C O BIFEC LD R EALATTEH 2 LIZRY, H
an OAZ FAVERE R EEDIZ, B IS B3 A VR
YTOMFRERO L TRE N EALEF L TEHI LIS
ofz. 72, FRODVRVEBOIFEHB LR,
FEBMFACLCRECHB S 52D TS ARZEN T,
BPREIRDZ KRBT I EH O BE T

13381

Fig. 8 User Interface of automation tool

by demonstrating its effectiveness in enabling studies of the
optimal lubricating oil distribution with little reworking of

the lubrication system design.

6. Conclusion

The development of this simulation technology now
facilitates optimization of transmission lubrication. Along
with ensuring the reliability of transmission parts, it also
contributes to improving fuel economy by reducing the
amount of work the oil pump must do to discharge the desired
quantity of lubricating oil. It also facilitates development
activities with little reworking needed, thereby contributing
greatly to improving development work efficiency.

The authors would like to take this opportunity to
express their appreciation to everyone involved in this

project for their invaluable cooperation.
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Automatic Simulation System for Efficient CVT Development
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Summary At JATCO, we make active use of
simulations from the initial stage of development to predict
CVT performance and the results are reflected in the design
to promote more efficient development work. Along with
the increase in the number of development projects in recent
years, the volume of simulation work has dramatically
expanded. To deal with this situation, we endeavored
to automate simulations in this project and developed a
system that enables design engineers themselves to conduct
simulations directly without requesting simulation experts
to do the work. This article describes the newly developed

automatic simulation system.

1. [ZC®IC

=NV TOFMEDO LT OIL R E LT
T, MU A arERICBWTLELDREEZE = — X2
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MO T F A= MR ZARFEAL TR E B2 BT 55
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HEOHHLEDLEORHOET 572012, HBEAL—F
O LR AL B -7z (Fig. 1, ). INZHET 572
DIZ, RFHE A DRI L5 2= A D E BRI L
TIRNTY — Ve S AL TR S L 2 %Y
AT LEBFELT: (Fig. 1, £).

DTICARY AT 2D E R 5.

1. Introduction

Amid the ongoing expansion of total passenger car
demand worldwide, it is becoming increasingly important for
the transmission industry as well to respond quickly to the
needs of larger numbers of customers. Another critical issue
is that the lead time for new product development must be
shortened further, and the trend toward using computer-aided
engineering (CAE) tools in this regard has been accelerating.
At the same time, in order to make full use of these tools, it
is necessary to have a sufficient understanding of simulation
systems that have become highly advanced in recent years.
For that reason, the general approach at many companies
is for parts design engineers to ask simulation experts to
conduct simulations for them. However, this division-of-labor
approach involves a complicated process in which much time
is spent in meetings for making and accepting such requests.
Consequently, its usefulness in speeding up the development
process is limited (left side of Fig. 1). In order to resolve this
problem, we have developed a system that enables design
engineers to run simulations by directly manipulating the
simulation tools themselves without requesting simulation
experts to do the work for them (right side of Fig. 1).

The following sections explain the system in detail.

* UM BEL =TI BBl E
Technology Development Office No. 1, JATCO Korea Engineering Corp.
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current | | improved

Fig. 1 Working process for running simulations
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Table 1 List of structural simulations for calculating the
strength of CVT case

Type of simulation Simulation results

Stress, displacement,

1 Static torque analysis pulley strength, efc.

2 | Parking gear strength analysis | Stress, displacement

Mount strength analysis Stress

4 Roundness analysis Displacement

2. Automation of Structural Simulation

2.1 Types of structural simulation

It is essential to design a CVT so that its functionality
and performance are not affected when external forces are
applied to the unit. In this development project, we focused
on static torque analysis, parking gear strength analysis,
mount strength analysis and bearing roundness analysis,
which together account for approximately 70% of structural
simulation work (Table 1).

2.2 Simplification of structural simulation inputs

The automatic simulation system is designed to do
automatically the same things as simulation experts.
First, when a design engineer indicates a mesh is to be
generated, the system uses its automatic mesh generator to
create the specified mesh. A menu screen like that shown
in Fig. 2 is displayed that is easy for the design engineer to

understand. The design engineer simply selects from the

Fig. 2 Menu of automation system

Fig. 3 Re-meshing example for high-stress area
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Fig. 4 Automatic model and boundary condition setting
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menu the task to be executed, and the simulation system
carries out the selected operation. The system has been
developed in this way so that it is easy to understand and
simple to use even for design engineers who have little

simulation experience.

2.3 Features of automatic structural simulation system
(1) Automatic fine mesh generation function

In order to increase the speed of a structural simulation,
an overall simulation is run quickly using a coarse mesh, and
the system automatically checks the results. For key areas
where the generated stress exceeds a certain criterion, the
system uses its remeshing function to automatically generate
a fine mesh again and runs another simulation. This makes
it possible to obtain high accuracy while maintaining the
desired simulation speed. Previously, a simulation expert
had to make a direct visual check for places where high
stress occurred, locate the priority areas and then redefine a
fine mesh for them. Not only was that very time-consuming,
there was also the risk that some high stress places might
be overlooked. The provision of this automatic fine mesh
generation function has eliminated that risk. An example
of the use of this function is shown in Fig. 3. The areas in
the red circles are regions of high stress. A fine mesh is

automatically redefined for such areas.

(2) Function for simplifying input of boundary conditions
Previously, it was necessary to draw upon the specialized
knowledge of a simulation expert to order to define the
loading conditions at the optimal places in the simulation
model of the powertrain parts involved in transmitting
power inside a CVT such as the gears, pulleys and so on.
However, with the new simulation system, a design engineer
only has to enter simple inputs in Excel, and the system
automatically defines the optimal loading conditions. As

shown in Fig. 4, the specifications and loading conditions of

Table 2 Check list based on expert knowledge

Check items

Check details

Setting of inner powertrain model

Any miss in the setting

Clearance between case and bearing

1 | Parts (housing, cases, side cover, oil pan) Whether names are indicated or not

2 Mesh size Whether values are in the allowable range
3 Load date Not input

4 Number of bolts and holes of joints Inconsistent

5 Bearing seat position Not input

6

7

Whether interference exist or not
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Fig. 5 Auto-report generating function
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the powertrain parts are input into the specified Excel sheet,
and the system applies expert knowledge to automatically
generate the powertrain simulation model and the optimal

loading conditions.

(3) Alarm function for preventing error

As explained above, input work has been simplified
by adopting the input method using an Excel sheet and
a simpler method of inputting boundary conditions.
However, the risk of human error occurring still remains,
especially for design engineers with limited experience of
simulation, who might omit inputting an essential condition
or misunderstand the unit and enter an incorrect value. To
resolve this problem, the system incorporates a function for
automatically checking input values.

Mistakes that design engineers with limited simulation
experience tend to make were researched and analyzed.
As shown in Table 2, a list was created of the types of
human error that are most likely to occur. A program for
automatic error checking was devised for each type of error
and incorporated into the automatic simulation system.
In the event a design engineer makes an input error, the
system displays an alarm message on the screen to alert the
engineer directly so that the mistake can be corrected on

the spot.

(4) Automatic report generation function

Upon completion of a simulation, the necessary data
are compiled from the simulation results and a report
is prepared. Previously, a simulation expert drew upon
personal knowledge to prepare a report, and it was rather
difficult for design engineers alone to output the results
easily. To resolve that issue, with the automatic simulation
system the maximum and minimum principal stress values
at the necessary positions can be confirmed by simply
making the button click. In addition, animations can also be
generated automatically so that the deformation of parts can
be confirmed visually (Fig. 5).

Table 3 List of fluid simulations for deciding oil level

Type of simulation Simulation results
1 Flow analysis around strainer(steady) Flow field
2 | Analysis of fluid level change in sudden acceleration/braking | Fluid level, quantity of air incursion
3 Flow analysis around strainer(unsteady) Flow field
I 441
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Fig. 6 Composition of menu in STAR-CCM+
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3. Automation of Fluid Simulation

3.1 Types of fluid simulation

Efforts were made to automate the fluid simulations that are
used in studying the automatic transmission fluid (ATF) level.
In the design of a CVT, the determination of the ATF quantity,
ie., ATF level, inside the transmission, is vitally important.
Along with serving to cool and lubricate the bearings, clutches
and other parts, the ATF also has the concurrent function of
reducing friction by maintaining a suitable oil film for lowering
friction. Consequently, it is essential to determine the necessary
ATF level based on confirmation of ATF flow behavior inside
the CVT when mounted in a vehicle that is operated in a wide
range of driving situations. Previously, the optimum ATF
quantity was determined on the basis of experiments conducted
with a test vehicle. In recent years, the use of computational
fluid dynamics (CFD) software has made it possible to examine
the optimal ATF level in the concept design stage.

Table 3 lists the types of fluid simulation that are conducted
for this purpose. Before simulations were automated, it took
a long time to run each of these simulations individually.
Therefore, it was decided to automate these three fluid

simulations.

3.2 Features of automatic fluid simulation system
(1) Function for simplifying inputs

Similar to the automation of structural simulation,
efforts were made to develop a fluid simulation system that
would enable design engineers themselves to easily run the
simulation software in order to realize that the knowledge
of simulation experts would be automatically applied.
SAR-CCM+ simulation software is capable of running
simulations of a wide range of fluid simulation issues and
has a proven track record as a fluid simulation tool. However,
because it includes such a wide range of diverse functions, it
is very difficult for design engineers to understand. As can
be seen in Fig. 6, the input interface screen is not something
that can be mastered easily.

Therefore, in this development project we developed
an Excel-based menu screen by narrowing down the input
settings to the minimum necessary number and simplified
the work of inputting them so that it would be easy to use even
for design engineers who are not at the level of simulation
experts. The adoption of this input interface enables design
engineers, whose knowledge of fluid simulations does not
match that of simulation experts, to conduct simulations

easily and quickly.
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Fig. 7 Animation of analysis result
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An automatic fluid simulation system was therefore
built that adopts Excel for the interface menu, which is
easy to use for design engineers who are not familiar with
STAR-CCM+. The data needed for running a simulation
are input in Excel, and the system automatically transfers
the knowledge of simulation experts to STAR-CCM+ for

executing the simulation.

(2) Function for assuring accuracy by using simulation
experts' knowledge

The results of fluid simulations differ greatly depending
on the selected mesh size and time step, so there are times
when the computations do not converge. Whether an
unsteady-state simulation, i.e., one that considers time, will
converge or not can be predicted on the basis of the CFL
(Courant-Friedrichs-Lewy) number given by the following

calculation formula:

velocity - time ste
4 £ = CFL

mesh size

In general, if the CFL number is equal to or less than
1, the simulation will converge. The automatic simulation
system is built such that it uses the experience of simulation
experts to automatically apply a suitable mesh size
and time step matching the convergence conditions. In
addition, to increase the computational speed and improve
accuracy, various tests were performed on the method of
discretizing the governing equations, the turbulence model
for the boundary layer, and the relaxation coefficient of
each discretized equation, among other things. As a result,
the system can automatically select the optimum elements

involved for a simulation of the ATF level.

(3) Automatic report generation function

Like the automatic structural simulation system, the
automatic fluid simulation system also enables reports of
the results to be output by just making button click upon
completion of a simulation. Animations that visualize the

flow are also generated automatically (Fig. 7).

4. Benefits of Automatic Simulation

Automation of structural simulation and fluid simulation
as described in the preceding sections has greatly shortened
simulation lead time and simultaneously resolved the issue

of a shortage of simulation experts. Even design engineers
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with limited simulation experience can now easily conduct
simulations using the automatic simulation system. In order
to confirm the benefits of the automatic simulation system,
trials of the system were conducted in which simulation
experts, design engineers who were beginners with respect to
simulations and new employees took part. A simulation expert
was able to complete a simulation in about 23% of the time that
it took to do it previously. This confirmed that the system is
effective in shortening the simulation time even for simulation
experts. As a result of conducting several simulation trials
with the system, a design engineer unaccustomed to running
simulations and a new employee were able to complete the
specified simulation within approximately the same amount
of time as the simulation expert.

It will be noted that this automatic simulation system
makes effective use of experts' knowledge to produce the
same results, provided that the input conditions are the
same. This means that the simulation results obtained
by a simulation expert and by a beginner will now be
identical, which will also reduce the time needed to validate
simulation results.

The system incorporates various types of knowledge of
simulation experts, enabling it to make important judgments
and to execute the optimal measures automatically. The
system also automatically checks for input errors. Even
design engineers with limited experience can concurrently
conduct many larger scale simulations by themselves with
the help of a smaller number of simulation experts. The
consultations and exchanges that previously took place
between design engineers and simulation experts have also

been substantially reduced (Fig. 8).

5. Conclusion

This article has described a newly developed automatic
simulation system that automatically applies the knowledge
of simulation experts, thereby enabling design engineers
unfamiliar with simulations to conduct simulations easily
and correctly. The system achieves the following targeted
functionality and performance as a simulation tool.

e [t is easy to use even for design engineers with limited

simulation experience.

e It enables design engineers to run simulations based

on the experience of simulation experts.

e It precludes the types of errors that are apt to occur

when design engineers use a simulation system.

While making full use of this automation tool, we also
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intend to develop a system in future work for automatically
training and educating employees in the key concepts and
detailed theories and principles of simulation. Concerted
efforts will also be made to further evolve and extend the
automatic simulation system described here.

The authors would like to thank everyone involved for
their invaluable support concerning the development of the

automatic simulation system.
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Summary This article presents an example of the use of
computational fluid dynamics (CFD) in the development of
a transmission control valve. In a spool valve, the fluid flow
produces flow force that presses the spool against the valve
body. When large flow force occurs in a pressure regulator
valve, there is a risk that pressure may not be regulated
smoothly. To address this issue, CFD was used to calculate
the flow force acting on the spool. An analysis of the results
led to the development of a spool for reducing the flow force.
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1. Introduction

The use of numerical simulation in the development of
automotive transmissions in recent years has extended over
a wide range of diverse fields. For example, computational
fluid dynamics (CFD) is often used in design studies
especially for confirming torque converter performance
and also for examining the behavior of the oil and air in the
oil pan, oil pump discharge performance, hydraulic circuit
response and lubrication performance, among other things.
At present, numerical simulation is referred to as the third
science after theory and experimentation. At JATCO, we
use numerical simulation not only in a supplementary role
to experiments, but also to elucidate phenomena and to
create new value on that basis.

Asoneexample, this paper describes the shape optimization
of the control valve spool developed through the use of CFD.
The control valve constantly controls the hydraulic pressure for
activating the clutches and pulleys. The pressure of the fluid
discharged by the oil pump is first regulated by the pressure
regulator valve. Pressure regulation is sometimes performed
under exceptionally severe conditions of a large flow rate and
high pressure. Under such conditions, the flow presses the spool
against the valve body with strong force, posing a risk that the
pressure may not be regulated smoothly. The elimination of

that possibility has been an issue for a long time. Accordingly,
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CFD was applied to develop a spool that can reduce the flow
force even under severe operating conditions.

In order to evaluate the flow force in the pressure regulator
valve accurately, it is necessary to reproduce the spool
position corresponding to the hydraulic pressure and flow rate
and the flow field at that time. In previous fluid force studies
based on numerical simulation, the spool has been fixed or
forcibly moved,' but there are no examples of studies that
reproduced spool behavior or the flow field. Therefore, a fluid-
structure interaction was used in this project to evaluate the
flow force under conditions where the spool moved axially in
response to the hydraulic pressure command and the change
in the flow rate, and the pressure was regulated automatically

on the basis of numerical simulation.

2. Analysis Overview

The analysis model is shown in Fig. 1. The computational
domain was defined as the pressure regulator valve and the
entire hydraulic circuit connected to it. The calculation was
conducted under a transient-state condition using STAR-
CCM+, a general-purpose CFD solver. A single-phase
flow calculation was conducted of the fluid alone without
considering the intermixing of air. For the purpose of
pressure regulation, solenoid pressure, feedback pressure
and spring force acted on the spool. Added to that was
the flow force produced by the fluid flow. The spool was

moved in the axial direction by solving an equation of
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motion, taking into account all the pressures and forces,
thus creating a pressure regulation condition equal to that
of an actual valve. The equation of motion was solved by
the fourth-order Runge-Kutta method. Moving mesh was
adopted for the motion of the spool, and a sliding interface
for the exchange of physical quantities was defined at the
contact surface with the hydraulic circuit of the valve body.

The volume of the end of the bore in which the spool
is inserted changes due to the motion of the spool, and that
change was modeled by the expansion/contraction (morphing)
of the mesh. Fluid flows through the tiny annular gap that
occurs between the spool and the bore as the spool valve
regulates the pressure. Mesh was created for the entire annular

gap in order to calculate that flow because it is also important.

3. CFD Results

3.1 Comparison with experimental data

A comparison was made with experimental data to
confirm the accuracy of the calculation. Figure 2 shows
the relationship between the line pressure and the solenoid
pressure that indicates the hydraulic pressure. The CFD
results agree well with the experimental data, thus
confirming the exceptionally high calculation accuracy
obtained for the automatically regulated hydraulic pressure.

Figure 3 shows the spool position as a function of
the regulated line pressure at various oil pump speeds.
The experimental and CFD results for the spool position
coincide markedly well at high oil pump speeds, i.e., at high
flow rates. This indicates that the hydraulic pressure losses
from the valve inlet to the outlet were calculated accurately.
In other words, this means that the flow structures around
the spool and the flow force acting on the spool were also
calculated with high accuracy. Under conditions of a low oil
pump speed and high hydraulic pressure, a slight difference
is seen between the experimental and CFD results.
Presumably, that is because the effect of fluid leakage from
other valves was not considered in the CFD. However,
because the flow force is an issue of concern when there
are large flow rates, it was judged that this CFD method has

sufficient accuracy for use in examining the flow force.

3.2 Analysis of flow force

The results of CFD are visualized in Fig. 4. The color
contours of the spool surface and cross section indicate the
pressure distribution. The arrows in Fig. 4(a) represent the

velocity vectors and the curves in Fig. 4(b) represent the
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streamlines. The red color indicates high pressure and the
blue color low pressure. Because a groove (denoted as a
notch in the figure) was provided in the hydraulic circuit
on the output side of the valve in this calculation, the fluid
flow was mainly divided between the top and bottom of the
spool as the fluid flowed into the output port. In the figure,
the flow from the top is expressed by the pink streamlines
and that from the bottom by the light blue streamlines.

An examination of both figures reveals that high and
low pressure regions formed locally on the spool surface.
When this type of unbalanced pressure distribution occurs,
the spool is pressed against the bore. In addition, the results
indicate that such high and low pressure regions were
formed by the flows in the groove such as the jet flow from
the port opening and vortices. This CFD thus made it clear
that various flow structures in the groove were definitely a
major factor affecting the flow force.

It will be noted that the pressure distribution on the spool
surface is not discontinuous even at the boundary between
the groove interior and the annular gap, as can be clearly
seen in the high pressure region enclosed in the circle in the
figure. This means that the flow through the annular gap
must be reproduced in any evaluation of the flow force. That
is why the CFD model used in this work was configured so

that the annular gap could also be calculated.

4. Optimization of Spool Shape

4.1 Creation of improved spool shape

In order to reduce the flow force acting on the spool,
it is necessary to mitigate the pressure imbalance on the
spool surface caused by the flows in the groove. Therefore,
a flow-force-cancellation (FFC) spool was conceived that
incorporates the following measures for weakening the flow
structures in the groove and their effect on the spool.

¢ Elimination of the impact of the jet flow on the spool

* Widening of the flow channel in the groove

The conceived shape of the FFC spool is shown in Fig.
5, and the results of a pressure regulation calculation are
presented in Fig. 6. Excluding the high-speed jet flow from
the port opening, the results for the FFC spool indicate that
the vortices and other flow structures seen for the original
spool were weakened. In addition, the local high and low
pressure regions seen in the pressure distribution for the
original spool surface were mitigated. As a result, the flow
force acting on the spool was greatly reduced compared

with the original spool (Fig. 7).
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(a) Pressure distribution and velocity vectors

(b) Pressure distribution and streamlines

Fig. 6 Flow field in the groove with FFC spool

4.2 Confirmation of side effect of FFC spool

As shown in Fig. 5, the diameter of the FFC spool was
partially narrowed to reduce the flow force. Consequently, there
was concern that the spool might undergo larger deformation
than the original spool, causing interference between the spool
and the valve body that would slow the motion of the spool.
There was a risk that it might result in poor pressure regulation.
Therefore, a fluid-structure interaction was conducted to
confirm the deformation of the spool.

The STAR-CCM+ solver was used for both the fluid
and structure simulations, which were both performed with
the finite volume method. Coupling was assumed in only
one way, and the spool surface pressure and shear force
obtained in the steady-state incompressible fluid simulation
were transferred to the structural analysis. The results of the
structural analysis are shown in Fig. 8. The color contours
of the spool surface indicate the amount of deformation in
the radial direction. Spool deformation is shown 1000 times
larger than the actual deformation.

As was initially predicted, the FFC spool showed slightly
larger deformation than the original spool. However, the
amount of deformation was sufficiently smaller than the
dimensional tolerance, and the direction of the deformation
was also the opposite of the direction of flow force induced
by the fluid flow. Therefore, it was concluded that changing

the spool shape would not slow down the motion of the spool.

Shape Optimization of Control Valve Spool using Computational Fluid Dynamics

(a) Original spool

I

(b) FFC spool

Fig. 8 Radial displacement by hydraulic pressure and
flow force
(deformation is magnified 1000 times)
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Fig. 9 Comparison of pressure response

To confirm that, tests were conducted to measure the
pressure response of the original spool and the FFC spool
and the results are compared in Fig. 9. It is seen that the
results for both spools nearly overlap, indicating that
the FFC spool would not have any side effect of causing
poor pressure regulation. The results also confirmed the
reliability of the simulation that predicted there would be
no such side effect.

5. Conclusion

The use of CFD in the manner explained below made it

possible to develop a spool for reducing the flow force.

(1) A fluid-structure interaction was conducted that took
into account even the flow through the annular gap
between the spool and the bore. That made it possible
to reproduce three-dimensionally the pressure
regulation condition of the pressure regulator valve,
enabling the flow force acting on the spool to be
predicted precisely.

(2) The CFD results made it clear that the flow in the
groove was a major factor affecting the flow force
acting on the spool.

(3) A spool shape was devised for reducing the flow
force by eliminating or mitigating the pressure
imbalance on the spool surface.

(4) A fluid-structure interaction was conducted to
confirm the deformation of the spool, and it was
predicted that the new spool shape would have
no appreciable side effect. It was also confirmed
experimentally that there was no side effect on the

pressure response.



FEBIREFRALZIY FO—INILVTR TV ORKREL

5. &0

G, DT OXI BRI THNZIGEH$528T, il
T IEIRA T — IV BIFE T AT LATTET.

1) AT —IWERT OH OBIRFR [ TE B L7~
W AT 27928 T, 7Ly r—LFal—%
PNV T DI AREEZ 3T FBLICTE B IR,
AT = WL NI DHEE T M TEL LR o72.

2) FRHTHRE ALY, 2T —IHE T BT D
BRPZ N =T HWOGRINIHHIEEHSHIIL 7.

3) AT = VKM DAY i % i - #& N § 528 T,
FHUAHT IR R E % L7z

4) P AR — 1 3 R AT 12 LD R T — IV DT % Fifg 78
L, FIROEIEH DRI IS WL FIT
&7z, F-FEBRIICHISEMEICEIER S R e 28
Tz,

SRR OREER R EL N L3, ZV—T Ik

R FRE GO VT RO FEALICI)HLA T
WA, F 72, SRATET o0 #E PR & A, M T A
T AERORHEALICH B TnEz N,

6. &E3HK

1) BAE - (HEORESE, 27— VRO # ke
ZRICBUEFRNTE TV OMET, HABIN S 2 5 4,
647, 62775, B, 3558-3564, HAKEM ~43, 1998

2) RESEH - ANFEKE - L, AT —VRIHEH
S HUARTIOIENT (3R, T OFHEITTARE TN T
TRE), HARM -2 CE, 68%, 6757, Bifi,
2951-2959, 2002

3) REP AR B RN - R B3, 27—
WFROIEEF RIS 5E T I2L—2ar,
H AR B 27 2% b P A5 Bk S 30 2 4 1 00 8 2 Gl 0 & 3
X4E, 81-82, 2004

4) HHATE - B R GARK - WK SCHE - DRI A, AT —
WIHEH BT 5 —F 5, HARTZLV—F
INT— VAT NFR L, 424, 175, 13-18, 2011

5) FAKRA - PHERGH - LI E] - A AR - KAk
iR, 27— VRNEICBI Mok, AR
B 27 23201 34F BE AR IR 23 i B i SCAE, 7101024-1-
4, 2013

151

It is planned to improve the accuracy and speed of the
calculation in future work and endeavor to optimize the
overall shape of the valve including the groove and notch
shapes. In addition, we also want to expand the scope of
application of CFD so that it leads to optimization of the
overall hydraulic pressure system.
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Summary There are demands to increase the efficiency
and reduce the size and weight of automatic transmissions in
order to improve fuel economy and address environmental
concerns. In order to develop improved hydrodynamic
elements for the torque converter, it is desirable to establish
a new blade design method and to improve the accuracy
of performance predictions based on fluid simulations. As
part of our efforts in this regard, JATCO Ltd and Nissan
Motor Co., Ltd. are working together to improve fluid
simulation accuracy. This article describes the use of PIV
and stereopsis as initial approaches for visualizing unsteady

flows in a torque converter.
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1. Introduction

The principle of particle image velocimetry (PIV) is
illustrated schematically in Fig. 1. With this measurement
method, tiny tracer particles are mixed into a flow field and
illuminated by a sheet of light from a pulsed laser or other
light source. The velocity vector distribution of the flow
field is obtained from the correlation between instantaneous
particle group images obtained at two time points.

There are reports®? in the literature about the application
of PIV to visualize the flow inside a torque converter, but
the low sampling frequency that was used is not suitable for
the purpose of capturing unsteady flows. The use of PIV has
been limited to measurement of the time-averaged velocity
in the non-rotating passage around the stator.

This article describes the application of a high-frequency
(1500 Hz) stereo PIV system comprising two high-speed
cameras to measure the three velocity components of
unsteady flows in a torque converter. It also describes the
configuration of the experimental apparatus that made it
possible to determine the average velocity distribution of the
three bladed elements for each rotational position relationship.
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2. Torque Converter for Flow Visualization and

Experimental Apparatus

2.1 Torque converter for flow visualization

The three bladed elements of a torque converter
(impeller, turbine and stator), the covers forming the
container and attached to the impeller and outer periphery,
and the water tank in which everything was contained were

all made of a transparent acrylic resin (Fig. 2).

2.2 Experimental apparatus

The experimental apparatus for a torque converter is
generally constructed such that the impeller shaft and the
turbine shaft can rotate independently. However, rotational
speed fluctuations occur independently with the respective
input and output forces. Accordingly, assuming, for example,
that the speed ratio is set at 0.1, it is impossible to reproduce
accurately the initial rotational position relationship at
the moment the turbine completes one revolution relative
to ten revolutions of the impeller. For that reason, it is
very difficult to average the velocity distribution for each
rotational position relationship of the three bladed elements.

This problem was resolved by using an experimental
system in which one motor shaft served to rotate the
impeller shaft and the turbine shaft via a gearbox (Fig. 3).
The fine increments of the speed ratio were set by preparing
many gear combinations in the gearbox. Rotary encoders
were used to detect the rotational angular position of the
impeller shaft and the turbine shaft.

2.3 Working fluid and setting of rotational velocity conditions

The working fluid used was an index-matching fluid
(aqueous zinc iodide solution)® that was adjusted to
match the refractive index of the acrylic resin. This made
it possible to avoid image distortion that would otherwise
occur at the interface between the working fluid and the
acrylic resin wall. Table 1 lists the physical properties of
the working fluid. Other quantitative data concerning the
PIV measurements and the velocity distribution simulation
process have been reported previously at a conference of
the Visualization Society of Japan® and detail description
about that are omitted here.

The Reynolds number Re, kinematic viscosity of
the working fluid v and the rotational speed N have the
relationship of Re ¢ N,/'v. The small kinematic viscosity
v of the working fluid at the time of measurement (30°C)

was approximately 1/7 of the v of the ATF during actual
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Fig.3 Schematic of experimantal apparatus for flow
visualization
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torque converter operation (80°C). Accordingly, the same
Re value was obtained by using an operating speed that
was 1/7 of that of an actual torque converter. (The flow
field was regarded as being similar.) Consequently, the
operating speed of the torque converter model used in the
visualization experiment was set at 1/7 of that of an actual
torque converter. That was advantageous for the acrylic

resin model as its pressure resistance strength was limited.

Table 1 Physical properties of the fluid at 30C

Density 1.86kg/nd
Kinematic viscosity 1.31X10°nd/s
Index of refraction 1.491-1.493

3. PIV Measurement of Unsteady Flows and Results

The PIV measurement cross section was defined at the
position of the average radius of the stator blade cascade.
The cross section was illuminated with a high-repetition-
rate laser light sheet (thickness: 2 mm) and the interval
for illumination at two time points by double laser pulses
was set at 100 u sec. The flow in the cross section was
photographed with two high-speed cameras (3,000 frames/
sec) positioned side by side. The velocity vector distribution
at 1,500 Hz was obtained by analyzing the correlation
between the images obtained at the two time points.

Figure 4 presents the PIV measured results when the
speed ratio was set at 0.1. It is seen that the flow velocity
varies greatly between the stator blades. Separation
accompanied by a vortex structure occurs transiently at
the leading edge of a stator blade and the measured results
capture the occurrence and disappearance of the vortex
(red circles in the figure). The results indicate that using this
stereo PIV method makes it possible to measure the three
velocity components of unsteady flows in a specified cross

section inside a torque converter.

4. Stereopsis Observation of Unsteady Flows and Results

4.1 Flow field features and motivation for stereopsis
observation

It was shown in the preceding section that using the
PIV method can capture the velocity distribution of the
flow field quantitatively and in detail. However, the position
that can be measured is limited to a predetermined cross

section (within the light sheet thickness), and much time

Visualization of Unsteady Flows in a Torque Converter by PIV and Stereopsis

M RO 1S 3 2 R OPIVET I KS  2 Fig. 410K 7.
AT =Y BB ORI KRE R M E LB AT 5. A
T — & BLAT RIS 2 PO #MEASIE BT AL,
WDSFEEEW R T BTS2 57z (Fig. 40 AL).
CDINATVAPIVEEEZHWAILT, MLy aiN—
5 PN O K 2 T T 330F 5 FF 22 F i Bl o0 7 3 18 43 w1l
M HETH 5.

and effort is needed for advance preparation. That makes it
essential to select beforehand from the overall flow field a
cross section that is worth measuring.

Therefore, it is desirable to have a visualization method
for repeatedly observing the entire flow field in order to
select regions in which highly interesting phenomena occur.

The flow passages partitioned by the blades in a

torque converter are themselves rotating and moving at

Fig. 4 PIV results for dynamic behavior of the flow field near the leading edge of a stator blade
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high speed, so the absolute velocity of the internal flow is
high. That aspect can be dealt with by using high-speed
cameras. The problem lies in the fact that the flow field is
extremely complex and also involves depth. It is impossible
to understand the flow field unless it can be observed
stereoscopically.

It is generally known that stereopsis is an effective
technique for making stereoscopic observations. Parallax
occurs in the images formed on the retinas of the right
and left eyes when viewing a real 3D object, and the brain
recognizes it as a 3D object. Stereopsis is a method for
making the brain sense a virtual 3D effect by inputting to
the right and left eyes separately images possessing parallax
that were photographed by two camera lenses positioned
side by side.

Similar to the stereo PIV system, a system for recording
stereoscopic images was constructed using two high-
speed stereo cameras that were completely synchronized.
The images were obtained by suitably setting the camera
positions, illumination method and photography conditions,

as described in the following sections.
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Fig. 5 Camera arrangement
(left) PIV and (right) stereopsis
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4.2 Camera positions and illumination method for stereopsis

In the stereo PIV system, the cameras were positioned
to accentuate the right-left parallax in order to obtain
measurement accuracy in the depthwise direction. In
contrast, for stereoscopic imaging the cameras were
positioned so as to resemble the view seen by the human
eyes in order to obtain a natural 3D effect. In short, the
focal length of the lenses was selected so as to cover the
photographing range without any excess or deficiency and
secure as much as possible the common portions in the
horizontal direction, based on the assumption of a small
parallax angle (1-4° recommended®). The fixed distance of
the camera to the photographed object was thus determined
(Fig. 5).

[llumination in PIV imaging assumes instantaneous
pulsed light, whereas illumination methods using strong
continuous light are possible for stereoscopic imaging in
addition to pulsed light. The images obtained with former
PIV method are suitable for observing the overall movement
of particle groups (left-hand side of Fig. 6), whereas flow
trajectories (right-hand side of Fig. 6) can be traced with
the latter method by adjusting the frame rate. Such images
are suitable for following the movement of specific particles
visually, if the particle density is made suitably thin.

4.3 Image processing

Unlike the PIV method, stereopsis allows the flow to be
easily visualized and confirmed right after the images are
obtained at the experimental site without going through any
image processing. That can be done by lining up the raw
images horizontally on a monitor and confirming the flow
autostereoscopically or by some other similar method. This
is a key task for optimally adjusting the fixed positions of
the stereo cameras, the illumination level and the frame rate
at the experimental site.

The raw images obtained are not, strictly speaking, left-
right consistent in terms of size, vertical position, inclination
and other details, so viewing them stereoscopically in that
form would put a burden on the optic nerve. To avoid that,
it is necessary to rigorously correct any left-right disparities
by image processing together with any brightness or contrast
problems.

4.4 Stereopsis observation results

In the region around the stator blade cascade, it was
observed that vortex separation occurred discontinuously at
the leading edge of the stator blades (Fig. 8). While that was
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for left eye

for right eye

for left eye for right eye

Fig. 6 Schematics of visualization and stereopsis image examples (in parallel)
(left) Top views of particles obtained by volume illumination and (right) side views of flow trajectories obtained with a Light sheet
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also discernable in the observation of the flow of particle
groups, it was much easier to see in the representation of the
flow trajectories that were obtained by adjusting the frame
rate under continuous illumination.

In the region between the stator blades, it was observed
that particles flowed along the main flow from the
interior toward the foreground, while particles that
rotated as they flowed were also observed. The results
thus captured a condition where a secondary flow
occurred in the direction perpendicular to the main flow
(Fig. 7). The fact that such 3D observation results can
be obtained demonstrates the value of stereopsis and the
development of the method explained here now makes
such observations possible.

5. Conclusion

A stereopsis method was developed that is effective in
narrowing down PIV measurement cross sections for the
purpose of obtaining quantitative data in flow fields in
which high-speed, complex flows involving depth occur.
This method makes it possible to specify the locations
where phenomena occur that should be given priority in
a fluid simulation. Using the developed method facilitates
easy searches for the locations and phenomena that require

attention such as the occurrence of a secondary flow.
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6. Concluding Remarks

This article has described efforts to apply PIV and
stereopsis as initial techniques developed for the purpose
of improving simulation accuracy of flows inside a torque
converter. Another method is now being developed for 3D
quantification of the overall flow field and will be described
in a separate article sometime in the future.

The authors would like to thank Professor Koichi
Nishino at Yokohama National University and everyone
concerned at Flowtech Research Inc. for their invaluable
guidance and cooperation concerning the newly developed
method.

Fig. 7 Anaglyph image examples of helical flows between stator blades.
Top views of particles obtained by volume illumination
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(2)

(3)

Fig. 8 Anaglyph image examples of the separation vortex at the leading edge of stator blades.
Side views of flow trajectories obtained with a light sheet
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Summary Systems engineering (SE) has attracted
attention in recent years as a method for more efficient and
effective development of control systems that are continually
becoming increasingly more complex. JATCO has implemented
and is making active use of SE for reforming development
work processes. In developing a new start-off slip lockup
(L/U) control procedure for cooperative control of the engine,
beneficial results were obtained through the application of SE.

This article describes the new control procedure in detail.
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Fig. 1 Required Performance at vehicle launch

1. Introduction

At JATCO, we previously developed a start-off slip
L/U control for CVT8-equipped vehicles and successfully
improved driveability, fuel economy, power performance
and other attributes.

However, because that start-off slip L/U control did not
fully consider the variation in certain physical properties
such as the engine torque response and L/U piston stroking
time, there was still room for further improvement. For
example, variation in engine torque and the L/U piston
stroke caused the engine speed to flare before the L/U clutch
developed torque capacity. Therefore, in developing the new
control procedure it was decided to apply SE to identify and
improve the functions lacking in the existing start-off slip
L/U control. The performance required of start-off slip L/U

control is outlined in Fig. 1.

1.1 Development aim

An example of an insufficient function to be addressed
is shown in Fig. 2. Even when start-off slip L/U control is
applied, the engine speed might flare, depending on the
various kind of variation, right after vehicle launch before the
L/U clutch develops torque capacity. Consequently, a region
may occur where the perceived change in engine speed does
not match the feeling expected by the driver. That mismatch

in feeling was identified as an issue to be improved. To
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Fig. 3 Balance of the torque around the torque converter
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resolve that issue, it was necessary to control and improve the

engine speed profile so as to match the development aim.

Fig. 2 Eng revolution target for reducing noise

1.2 Selection of control factors for use in the improvement
The parameters, referred to here as factors, influencing

the change in engine speed are shown in Fig. 3, and their

relational equation is shown in Eq. (1) below.

(fluid torque) = (T/C input torque) — (L/U clutch torque) —

(engine inertia) — (oil pump drive torque) (1)

Te: engine torque [Nm]

7: fluid coefficient of torque converter (T/C) [Nm/rpm2]

Ne: engine speed [rpm]

Tlu: lockup clutch torque [Nm]

Ie: engine inertia [kg/m2]

Top: oil pump drive torque [Nm]

Engine inertia and oil pump drive torque were excluded
from the items examined in this study because they are
factors that should be treated as fixed quantities in vehicle
application development work. As seen in Eq. (1), the
control factors related to the engine speed are the engine
torque, L/U clutch torque and the T/C fluid coefficient. Our
study focused on these three factors.

2. Investigation for Improvement utilizing SE

2.1 Allocation of required performance

First, a study was undertaken to examine how the
engine torque, L/U clutch torque and T/C fluid coefficient
should be set in order to achieve the required performance.
It was necessary to allocate respective performance targets

to the hardware and software for that purpose.
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In terms of the hardware requirements, there was a need
to increase the T/C fluid coefficient. A simulation was run
using the current fluid coefficient and the largest existing
fluid coefficient and the results are compared in Fig. 4. It
was found theoretically that changing the fluid coefficient
would improve engine speed flare, but the effect was not
expected to be sufficient to attain the targeted performance.
In addition, there would also be a trade-off with start-off
acceleration performance and there would be constraints on
hardware changes. Based on these results, it was decided
not to change the factor of the T/C fluid coefficient. The
performance required for attaining the targeted engine
speed profile was assigned to engine torque control and L/U

clutch torque control.

Fig. 4 Effect estimation by changing hardware

2.2 Examination of viability of engine torque control and
L/U clutch torque control

The stability of the engine torque as the input and
the stability of the L/U clutch torque response were
examined for the purpose of reducing the variation in the
timing at which the L/U clutch develops torque capacity.
A method was examined for reducing the variation in the
performance of these two factors at the time the piston
stroke is completed.

As the first step, the variation in L/U clutch torque was
examined. One factor causing this variation was found to
be variation in the actual L/U differential pressure and
the indicated L/U differential pressure. Because the L/U
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differential pressure occurs at a downstream position in
the hydraulic system, it was decided to reduce the variation
by stabilizing the upstream pressure so as to mitigate its
influence on the L/U differential pressure.

Next, a study was made of the allowable variation in
engine torque that would keep the engine speed drop and
vehicle acceleration fluctuation within an acceptable range
in relation to the timing of the L/U piston stroke that was
determined as explained above. It was decided to adopt a
procedure whereby the CVT sends an on-demand request
for the allowable engine torque.

As a result, having made it possible to reduce the
variation in engine torque as well, a method was examined
for suppressing engine speed flare on the assumption of the
reduced variation in engine torque. It can be seen in Eq. (1)
that in order to suppress engine speed flare at vehicle launch,
it would be necessary to hold down the engine torque or
to quicken the increase in L/U clutch torque. Efforts were
focused on these two approaches.

A simulation was conducted to find a solution for
increasing the L/U clutch torque faster by determining
the response limit of the hardware. On the other hand,
suppressing engine torque would have trade-offs with
driveability, power performance and noise and vibration
at the time of vehicle launch. Accordingly, in examining
a method for meeting the requirement for reducing engine
speed flare at vehicle launch, it was necessary to resolve the

interference with other conflicting requirements.

Fig. 6 Operational view
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In order to identify all the conflicting requirements
without overlooking any, the requirements were analyzed
and function deployment was carried out. The identified
requirements are listed in Fig. 5.

As one example of the performance attributes involving
a trade-off, a study that was conducted concerning the
reduction of start-off acceleration is explained here. Holding
down engine torque would reduce the driving force, so the
peak acceleration at vehicle launch would decrease. The
targeted acceleration was defined on the basis of the required
driving force at start-off. At the time the engine torque is
controlled to achieve the required engine speed profile, it is
necessary to ensure that the targeted acceleration, which is
subject to a trade-off, is also attained at the same time. A
simulation was conducted to find the specifications capable
of attaining each performance target through cooperative
control of the engine torque and L/U clutch torque. Because
all the required values were quantified on the basis of the
requirements analysis, a simulation was run to examine
the engine torque at which all the requirements would be
viable, taking into account the variation in engine torque,
among other things, and a viable solution was determined.
One example of the waveforms obtained with the viable

solution at the time of vehicle launch is shown in Fig. 6.

3. Implementation of the Newly Developed Start-off Slip
L/U Control

The composition of the new start-off slip L/U control
can be divided between the states before and after the L/U
clutch transmits torque. With the previous control, an
engine speed profile close to the targeted profile was formed
by using the L/U clutch to control the torque capacity after
transmitting torque. However, in order to fully satisfy the
required engine speed profile, it is necessary to suppress the
engine speed before the L/U clutch transmits torque. The
torque capacity of the L/U clutch before transmitting torque
is 0 Nm. According to Eq. (1), before the L/U clutch has
the capacity to transmit torque, it cannot control the engine
speed. Therefore, at the time start-off slip L/U control is
activated, the new control procedure is designed such that
it requests engine torque for satisfying the required engine
performance and in this way it holds down the engine speed.
Figure 7 compares the newly implemented control with the

existing control procedure.
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Fig. 8 Experimental results
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4. Physical Confirmation

A test mode was created to confirm the performance of
the necessary functions identified in the SE studies. The test
mode was used in driving tests conducted with a test vehicle to
confirm each of the individual functions and a comprehensive
check was made of all of the changes. As one example, Fig.
8 compares some of the speed waveforms obtained in the
simulation of the new start-off slip L/U control with the
experimental results for the test vehicle. The results show that
the amount of engine flare at vehicle launch was suppressed
and that the experimental data coincided with the simulation
results. A subjective evaluation of the acceleration feel in the
test vehicle also showed good results. The experimental results
thus confirmed that the targeted improvement was obtained
without any trade-off problems with other performance

attributes, as was predicted by the simulation.

5. Conclusion

A new start-off slip L/U control procedure was
successfully developed in this project for cooperative
control of the engine torque and L/U clutch torque so as
to satisfy the required engine speed profile in order to
improve the acceleration feel at vehicle launch. SE was used
in conducting the development studies, enabling the early
assignment of performance targets and making it possible
to examine all the requirements without any overlooking
and investigate their viability at the theoretical study stage.
That reduced the amount of reworking needed at the in-
vehicle confirmation stage.

Cooperative control not only with the engine but
also with other vehicle systems is becoming increasingly
important for improving overall vehicle performance. It is
expected to carry out development work more efficiently
and reliably by continuing to make effective use of SE in

the future.

Kohei KAMIYA
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Application of MBD for Efficient Development of Cooperative Regeneration Control for a FWD-HEV CVT
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Summary Thisarticleexplains acooperative regeneration
control function for a CVT used on front-wheel-drive HEVs.
This control achieves both good fuel economy, which is a
typical vehicle performance requirement in deceleration
situations, and reliable downshift performance to the lowest
ratio during hard deceleration, which is a key performance
requirement for CVTs. Model-based development (MBD) was
applied in this project to predict the effect of this new control
function on vehicle performance. That made it possible
to judge the prospect for attaining the targeted vehicle
performance and the viability of this control function at an
early stage. The application of MBD is described in detail.

1. [ZC®IC

11E=

Y bald, HEEAB) LI FE TR %L 72 BIFF-HEV
[fIFCVT (Jatco CVT8 HYBRID, BLF, CVT8 HYBRID
EIP5) 2015 4F A FER BRI L 72, ZOFF-HEVY AT
20, MR DD R/ SFLVIVHEVY AT LD —
DTHAIE=F—=27TFvF VAT LE, —EROERMZ R
BEL7ZaryXyaFVRCVT(LLT, CONV) &EDHl A
HEhETHEIN TV,

FEREOFF-HEVY A7 A1, BBV &l e %
] E3 572012, CVTRZ DM T-Hl NI AL -
= EEALL, B LR OHGE LB OB NI o2 T
BHotz. —HT, B TIEIREA, TRV, &
LERDLN TS,

NSO E RIS L, MBDR %% v CHL
DR FMEAT WL AOLRFEL LD LIE T - B%E
BEEON EEFEB L. AT, TO#EHOMEL
AT 5.

1. Introduction

1.1 Background

In 2015, JATCO launched production of a CVT that had
been jointly developed with Nissan Motor Co. for use on
midsize front-wheel-drive (FWD) HEVs. This FWD-HEV
system consists of a one-motor two-clutch (IM2CL) system
combined with a conventional CVT incorporating some
revised parts. The IM2CL system is one type of parallel
HEV configuration featuring a compact size, light weight
and high efficiency.

The FWD-HEV system incorporates a more complex
and advanced CVT and electronic control system for the
purpose of improving both environmental performance
and driveability. Consequently, it was clear that the
development and verification of the system would require
many more man-hours. At the same time, there was a need
to improve development work efficiency, reduce the amount
of reworking done and enhance quality.

Inordertoresolve theseissues,model-based development
(MBD) was employed to advance the development work
while making predictions of vehicle performance, resulting
in improved quality and development work efficiency. This

article outlines the application of MBD.

* AT LB TR

# B RS EV-HEVEA AT EV-HEVY AT AR5

Control System Development Department EV and HEV Engineering Division, EV and HEV System Engineering Group, Nissan Motor Co., Ltd.
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1.2 System overview

This FWD-HEYV system has an electric motor and two
clutches positioned between the engine and the primary
pulley of the CVT. Figure 1 shows the configuration of the
IM2CL system. The basic elements related to the HEV
system are explained in (1) to (4) below.

(1) Clutch 1 transmits and blocks the mutual transfer of

power between the engine and the motor.

(2) Clutch 2 serves as the start-off device in place of a

torque converter.

(3) The motor provides driving force and generates

electricity.

(4) A mechanical oil pump is driven by the motor.

One distinct feature of this system is that it can provide
various operating modes as shown in Fig. 2 by controlling
the two clutches in relation to the input from the motor
or the engine. These operating modes together with the
seamless shifting of the CVT facilitate optimum control of
fuel economy and power performance to match the driving

conditions.

1.3 Sharing of parts with a conventional CVT

The CVT incorporated in this system was adapted for
HEV use by making the minimum necessary changes to the
parts of a conventional CVT (CONV) as the base unit. That
was done to minimize the occurrence of any new issues

related to cost or the system layout.
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2. CVT Requirements in Deceleration Situations

One of biggest features of an HEV system is that it
recovers and regenerates kinetic energy during deceleration.
An important issue for a CVT for HEV use is that it should
transmit all the input torque (i.e., regenerative torque) during
energy regeneration situations in order to improve vehicle fuel
economy. Therefore, it is necessary to ensure that the belt has
sufficient capacity to transmit the torque. In addition, apart from
the HEV system, the downshift performance of a CVT to a
Low ratio in deceleration situations is a crucial parameter. That
is because whether the actual ratio can follow the target ratio
during a downshift greatly affects vehicle power performance
in terms of re-acceleration at low vehicle speeds following
deceleration and start-off performance after the vehicle stops.
Accordingly, it is necessary to ensure a viable relationship
where the maximum potential pressure generatable by the
control valve is greater than the required variator pressure.

The principal dynamic parameters determining the
maximum potential pressure are the temperature of the
automatic transmission fluid (ATF), motor speed and
the pulley stroking speed (Figs. 3-1 and 3-2). As the ATF
temperature rises, the fluid viscosity decreases, resulting in
greater ATF leakage around the control valve, which reduces
the maximum potential pressure. If the speed of the motor
that drives the mechanical oil pump drops, the discharge flow
rate of the pump per unit time decreases, thus reducing the
maximum potential pressure. If the pulley stroking speed
increases, it causes a larger variation in the volume of fluid in
the pulley pressure chamber. As a result, the flow rate needed
to supply fluid to the pulley pressure chamber increases,
causing a decline in the maximum potential pressure.

In terms of dynamic parameters, the necessary pulley
pressure is determined by the demanded pressure for torque
transmission, which is proportional to the input torque, and

the demanded pressure for shifting, which is proportional to

Application of MBD for Efficient Development of Cooperative Regeneration Control for a FWD-HEV CVT
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Fig. 6 Concept for requesting regenerative torque limit

the pulley stroking speed (Fig. 4).

Because of the need to share parts with a conventional
CVT, the HEV system uses the same mechanical oil pump as
a conventional unit. However, the HEV system must transmit
regenerative torque even during vehicle deceleration, so it
uses higher pressure than a conventional CVT.

That requirement makes it more difficult to secure
the necessary pulley pressure in regenerative deceleration
situations than for a conventional CVT. Depending on the
deceleration pattern, there can be times when the generatable
pressure is less than the required pressure (Fig. 5). In order to
ensure good downshift performance to a Low ratio, the CVT
controller incorporates a function for requesting the HEV
system controller to limit the amount of regenerative torque.

During regenerative deceleration, the maximum
potential pressure and the necessary pulley pressure are
compared, and regenerative torque is limited to just the
amount that the maximum potential pressure is deficient
(Fig. 6). To minimize the limit on regenerative torque, the
CVT controller is designed to request the smallest necessary
torque limit while constantly measuring the pulley pressure.
Simultaneously, it ensures that the CVT can fully downshift
to the lowest ratio during deceleration due to hard braking,
for example, thereby maintaining excellent re-acceleration

and re-launch performance.

3. Vehicle Performance Prediction using MBD

The preceding section explained the function for
limiting regenerative torque for the purpose of reconciling
the layout and cost of the FWD-HEV system with fuel
economy and downshift performance in deceleration

situations.



FF-HEVACV TR B4 H#E1 OMBDE A (C & 5 %395 5

Controller and CAN communication model

Power train model

H E CVT model

- " a
Car model HEV system Delr‘nanded | GVT controller| Demanded | C/V model . Pulley model
pulley spee pressure! ressure]
‘ H controller model?"'*Y sP° 25| model ===
Running Accelerators - o Stroking]
resistance = Input torque] Pressure speed
sensor
T
- " .
Brake § - E H E ]
Driving force 2 Torque limit Pressure Speed Torque 1
: H PN BERAEREREEE (LR EECLERIEE LI
= = |Oil pump model | :
Vehicle velocity H H
H
- : -
Motor controller = - = Motor model

Demand
torque

ed | model

Demandk
torque

S 1 1Torque
pecdy

ed | model

H
Engine controllgr:  :

Engine model

Fig. 7 Configuration of overall simulation model

MBD&IE, VIMBIUN—FORKREA Y I2L—Tay
WHEZRETIVTRIL, FETTLAD L5 T i
TOEFNEEHL, LRORF TRE»SHGE - FE
DR IET, wmE - BN EEHTE T R
FHETHA.

31 o2ab— 3> 0Bk

IyVV, F—¥—, CVT, BRlMiOT IV MNETIVEZ
NZhoarta—7 0O %R EEE CANMAE 877 %2 #H A
HbETYIaL—varEFVEELT (fig. 7).

Wk — > TOBRE BIOLow RN ERIZCVT LD
WA MoV 7 H RSP ED, 0] A MV 2 il BRI S 2R W] BB
DEBTHREL, SHICHETMREDOREIAD TV
RUTPLOMIRHREEC/VTD) =7 BLT =)D R
M= ZXAHBREDOEPLRED. T2 =)D AL
O— 2 I RIS Ko T TS, DENVRE B X
OLowRDHRED BN 113, WIS ELEI A
WHEHFEE 7 =)A= EEBIOANFTA VRS TD
iz T, FA4 W] R X AR #IT Y — L (Fig. 8) TF
WA RETH L. CNOLDHWHEB LI EEZCVTE
TMCF72E52ET, FERHLYOEH 2 IaL—Vs
ST BIENTTE .

CDYIaL—arvEHWT, HERTREEE Y —
ERERL, BEMRELLowR)ERESSHER I TV A
CEERMGEL 7.

1751

At the stage of designing this torque-limit function, it
was estimated by means of a simple design at representative
operating points that it would not affect fuel economy.
However, verification of the effect on fuel economy was
not undertaken for all the driving situations requiring
confirmation. It was decided to apply MBD to predict
vehicle performance theoretically.

MBD is a development method in which software and
hardware functions are represented in simulation models
that are used in the development process from the upstream
to the downstream stages. Verification and evaluation
are repeatedly done beginning from the upstream design
process with the aim of improving quality and development

work efficiency.

3.1 Configuration of overall simulation model

An overall simulation model was configured by
combining plant models of the engine, motor, CVT and
vehicle, the necessary functions of their controllers and a
CAN communication model (Fig. 7).

Fuel economy and downshift performance in deceleration
situations are determined by the regenerative torque limit
requested by the CVT controller. The regenerative torque
limit is determined by the behavior of the maximum
potential pressure. Further, the behavior of the maximum
potential pressure is determined by the difference between
the flow rate supplied by the mechanical oil pump and the

control valve leakage as well as the flow rate consumed for

Application of MBD for Efficient Development of Cooperative Regeneration Control for a FWD-HEV CVT
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Fig. 8 Pressure control system model

stroking the pulleys. In addition, the pulley stroking speed
is determined by the maximum potential pressure. In other
words, the factors influencing fuel economy and downshift
performance are the maximum potential pressure, pulley
stroking speed and the mechanical oil pump speed, which
influence each other. The maximum potential pressure can
be predicted using the pressure control system simulation
model shown in Fig. 8. The elements that influence each
other were embodied in the CVT model, which made it
possible to simulate behavior corresponding to actual CVT
operation. Accordingly, in order to verify the effect on vehicle
performance, the CVT model embodied these elements that
influence each other, thereby making it possible to simulate
behavior under conditions corresponding to actual operation.

This simulation model was used to verify that fuel
economy and downshift performance were assured, taking
into account the driving patterns where that confirmation
was needed.

3.2 Simulation results

The results of the vehicle performance prediction are
shown in Fig. 8. In the low deceleration range specified
in the fuel economy test mode, the function for limiting
regenerative torque was not activated, and the prediction
results indicated that the desired fuel economy and downshift
performance could be achieved. In addition, in the high
deceleration range where priority was given to downshift
performance, the function for limiting regenerative
torque was activated; the results indicated that downshift
performance equal to that of a conventional CVT without
cooperative regeneration control could be achieved. These
results thus confirmed that both excellent fuel economy and
the targeted downshift performance were obtainable.
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Moreover, the simulation results were within the range
of dispersion seen in the experimental data obtained in
driving tests. This indicated that this simulation method
can be used to verify predictions of vehicle performance in

deceleration situations.

4. Conclusion

This article has described the development of a
cooperative regeneration control function for achieving
improved fuel economy through maximum energy
regeneration and excellent downshift performance in
deceleration situations, which are key attributes of a FWD-
HEV system. In addition, the application of MBD for making
vehicle performance predictions showed the prospect for
attaining the targeted vehicle performance at an early stage
before confirmation testing. In future work, we intend to use
MBD further for making vehicle performance predictions

in various driving situations based on the vehicle systems.
5. Reference
(1) F.Koyanga, T.Osone and S. Terauchi, “Product Introduction
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B o8& MR IarMEEERHI CII R LB e Summary In evaluating transmission performance, it
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Tk, IV T T O MR REE IR R OB the development stage so that defective units are not sent

to the market. It is especially difficult to detect abnormal
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behavior in quality assurance for software. This article
describes an automatic abnormal behavior detection system

that has been newly developed for assuring software quality.

1. Z0®IC 1. Introduction
ATZ =y FOR B LR EE LT, fEk1E4e In the past, the procedure for preventing shipment of
THMZM W, WLz T =52 B0 R0 A it
DRERE, ZIITIEDLTA—=F Ny 7% )KL TWz.
A TIE Y Iab—YarEloln Rk, FEHIEW

defective ATs involved in-vehicle testing of every unit. The
recorded test data were then checked to see if any abnormal
behavior had occurred, and the results were fed back for

corrective action if necessary. That process was carried out

% 8% Hl _E T BLTE ZHILS (Hardware In the Loop repeatedly. As a result of the improvement of simulation
System) (Fig. 1) # HWHE & IEATL CHEREA T T\ 5 technology in recent years, simulations performed with
(Fig. 2). a hardware-in-the-loop system (HILS) can reproduce

L LS BALIc Lo IR EEROE ML, BLOE behavior close to that an actual vehicle (Fig. 1). We now

conduct HILS simulations in parallel with in-vehicle testing

BEALSE S, PERDOITETETORIEZMERR 512
ERAD B, O MERICB W TETORE S
Bl 552D WL %> T&72 (Fig. 3) .

to conform AT quality (Fig. 2).
However, state transitions are now more complex

due to the addition of more speed ranges to ATs and also

ZZTRIAN=HT) IR IR XY — 2 PRV E L, more advanced functions are being adopted, thus limiting
HILSO# % o7 HB) R HE A S AT 2% B FE L7z, the ability to confirm all the control procedures with the

existing method. It has become more difficult to detect all

Fig. 1 About HILS Fig. 2 Current HILS testing process
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abnormal behavior at the early stage of AT development
(Fig. 3).

Therefore, we identified the driving operation patterns
that drivers might perform and developed a system for
automatically detecting abnormal behavior using HILS
functionality. Using this system in parallel with in-vehicle
testing now makes it possible to detect abnormal behavior
at the early stage of the development process. The details of

Fig. 3 Recent shift control transiti
'8 eeent Sttt contro transtion this system are explained below (Fig. 4).

B AEREBATL TR Y AT 2 H 812X, BT
R BB CoORFERMI L o7z, DU, €O
FIZOWTHINT % (Fig. 4).

2. Background and Aims for System Development

2.1 Issues and solutions
The previous process had the following issues.

@ Some abnormal behavior originating in the software

2. DRATLREDNDERLIAN
missed being detected at the HILS screening stage

prior to in-vehicle testing and was first detected in

2.1 RELBRAR
PER TR ADIE @ There was a risk that future expansion of the scope
c FHF 2V FIOHILS F 2o 7 B R T, V7MY 2712

RS 2R EEH ORI FEALTHY,
AT TS T
- TR OB BB RIZED, BINZEET 2 T E IR
HHERL, B &N E DM aH SIS (Figs).
i e 5 5
“HILS Ty 7\ 2B B8 i /3 — V2 W iR 2.
EERIE NS — L DR E R 2R B OB & HE L
¥ 5.

vehicle tests.

of control would increase the man-hours and time
needed for detection, making it difficult to confirm the
quality of all units with the existing process (Fig. 5).

The following solutions to these issues were devised.

2.2 DARATLIER
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Fig. 4 New HILS testing process

Fig. 5 Future prediction
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Fig. 6 Analysis of operation during the shifting
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@ To increase the number of driving operation patterns
screened by HILS.
@ To automate the generation of driving operation

patterns and the detection of abnormal behavior.

2.2 System configuration

The aspects that should be considered in developing
the system were newly identified from perspectives of
experts and included the operation of the accelerator pedal,
shift lever and switches and the respective timing of such
operations. A system was then built for automatically
generating driving operation patterns that combine these
operations. As a result, approximately 200,000 operation
patterns can be automatically generated by the system
adopted for use in the HILS screening process.

Moreover, the points to be checked were also identified
from the perspectives of the experts, and a system for
automatic detection of abnormal behavior was also
developed simultaneously.

A measure was also taken for dealing with the longer
HILS screening time required owing to the increase in
the number of driving operation patterns. A function was
added for making real-time judgments in parallel with the
detection of abnormal behavior by HILS screening. This
resulted in a system capable of providing earlier feedback
to the software development process.

These three functions are explained in detail below.

3. Automatic Generation and Execution of Operation
Patterns

3.1 Clarifying of key operation patterns

A thoroughgoing analysis was made of operation patterns
that were previously overlooked. It was found that a large
majority of detection misses occurred when an additional
operation was performed during a control transition while
shifting. Detection of such patterns was strengthened with
the aim of reducing detection misses (Fig. 6).

3.2 Generation of operation patterns

As a result of identifying the conditions needed
for confirmation of abnormal behavior, the number of
combined operation patterns exceeded 200,000. For
that reason, factors related to each operation item (e.g.,
throttle input, brake pedal depression, operation timing,
etc.) were determined and control logic was developed for
automatically generating operation patterns using those

factors as parameters (Fig. 7).

Quality Assurance by Automatic Abnormal Behavior Detection and Test Pattern Generating System

Fig. 7 Automatic test pattern generating system

Fig. 8 Automatic abnormal behavior detection system
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Fig. 9 Detection items and conditions
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The adoption of this method makes it easy to adjust the
operation patterns later to match the characteristics of the
unit under development, such as by making the granularity

finer or coarser, among other things.

3.3 Method of executing operation patterns automatically

The program for automatic execution is shared in
common and the generated operation pattern files are read
in successively and executed (Fig. 8).

The time for conducting a HILS screening test is
shortened by executing only the places that are necessary
and by adding a skip function to the automatic execution
program with the aim of using multiple HILS computers
to run screening tests in parallel. For example by using
the skip function, patterns can be distributed to multiple
computers for execution, such as by assigning patterns
1-10000 to HILS computer A, patterns 10001-20000 to
HILS computer B and so on. The test time is shortened as
the number of HILS computers is increased.

With regard to working hours, the computers used in
the screening tests can also be assigned for that purpose
just on non-working days and at night, making it possible
to distribute the test patterns efficiently for automatic

execution.

4. Automatic Abnormal Behavior Detection

4.1 Conditions for abnormal behavior detection

On the basis of experience, the causes of phenomena
regarded as abnormal behavior for an AT correspond to
one of the conditions listed in fig.9. Therefore, a model was
created of the logic for detecting the phenomena in the figure
and incorporated in the HILS model for simultaneously
recording the detection results.

Because the number of operation patterns executed
exceeds more than 200,000, it is not realistic to inspect
all the time-axis waveforms and judge abnormal behavior.
Therefore, separate from the time-axis waveforms, the
abnormal behavior detection results are automatically
compiled into a detection results file so that they can be

read through easily for confirmation (Fig. 9).

4.2 Suspension of measurement when abnormal behavior
is detected

Automatic execution of a screening test is suspended to
avoid lost time when abnormal behavior is clearly detected
and it is judged that there is a problem in the ROM itself.
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Examples here include detection of a failure by the ATCU,
an abrupt change in pressure and intermediate-pressure
stagnation, among other things. The cause of the abnormal
behavior is displayed in a screen message and also recorded
in the results file so that the test engineer can easily

understand the cause of the screening test suspension.

5. Confirmation and Use of Abnormal Behavior Detection
Results

5.1 Method of confirming abnormal behavior

Before looking at the time-axis waveforms, the test
engineer checks the detection results file that was compiled
simultaneously with the waveforms. The detection results
file lists all the operation patterns that were executed
automatically and the judgment results as to whether
abnormal operating behavior occurred during those patterns
(Fig. 10).

From the detection results file, the engineer identifies
all the places in the ROM data where abnormal behavior
was detected in the screening test and then examines the
time-axis waveforms to confirm only the places suspected
of being abnormal behavior.

Detection results files can also be checked even during
the execution of the system. This facilitates, for example,
early discovery of abnormal behavior such as during regular
daily confirmation by engineers and also quicker feedback
to the software development process.

5.2 Use in improving work quality

A further aim for the use of this system is to improve
the quality of ROM creation and data creation based on
calibration.

For example, the HILS screening test results for event
A ROM and event B ROM can be compared and if the

detected instances of abnormal behavior have been reduced,

Fig. 10 Result file
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it can be inferred that the quality of ROM creation has been
improved. Conversely, if a calibrated ROM is executed and
the detected instances of abnormal behavior have increased,
calibration quality may have declined. The system makes it
possible to conduct such checks.

By conducting these checks regularly and observing the
tendencies, the system can be used in activities to improve
work quality and also in evaluating the results of such

activities.

6. Conclusion

The implementation of this automatic abnormal behavior
detection system provides the capability for automatically
verifying the validity of large volumes of control logic at a
level beyond comparison with the previous approach.

Early detection of abnormal behavior and defects
facilitates quicker feedback to previous processes and
thereby reduces the workload of subsequent processes.

We believe, vigorous efforts will continuously be
made to contribute to the further evolution of JATCO
transmissions in the future.

The author would like to thank everyone concerned for
their tremendous cooperation with the construction of this

system.

Akimasa MORI
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Summary A mass-produced continuously variable
transmission (CVT) for automotive use consists of many
rotating parts as shown in Fig. 1. There are many parts that
produce noise due to meshing. In order to suppress noise,
variation in the accuracy of the components forming each
rotating part must be identified, and for parts showing
high sensitivity, such variation must be controlled to an
acceptable level. In addition, in mass production operations,
measurements must be made quickly to match the
production takt time. For that reason, there is a need for a
new measurement technology that can measure all units by
a non-contact method in an assembled condition, without
disassembling them into their individual components.

This article presents an overview of a new measurement
method that was developed for measuring the pin length,
which correlates highly with chain noise during power

transmission in a CVT.
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1. Development Aims for New Measurement Method

In addition to the overall chain length, chain noise is
related to the specifications shown in Fig. 2, including the
length of each chain pin, end face angle and pin pitch (pin
configuration). Among them, the pin length is known to
correlate highly with chain noise.

Therefore, in this project we developed a non-contact
method for measuring quickly the length of all of the
approximately 150 pins of the chain assembly while it is
rotating and for quantifying the pin length distribution and

variation.

2. Issues in Current Measurement Method

Conventionally, the length of all the pins used inthe CVT
chain has been measured after disassembling (or partially
breaking) the chain. It has been difficult to reproduce the
same configuration when the chain was reassembled.

* SEAT Bl B FE
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Fig. 1 CVT internal structure model
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Table 1 DA of sensor selection

1 381

Fig. 2 Names of CVT chain specifications

Fig. 3 CVT model stand

Moreover, a large number of prototype chains had to be
measured in order to determine the sensitivity of chain noise
to the specifications. The current measurement method has
required a large number of man-hours because it has been

necessary to disassemble the chain.

3. Development Objectives for New Measurement Method

The following objectives were set for the development of
the new method of measuring the length of CVT chain pins.
¢ To substantially reduce the time needed to measure all the

pins in one chain
(from more than 400 min. at present to less than 5 min.)
* To measure the pin length without disassembling the chain
® To measure the pin length under a condition close to that
of actual operation
¢ To obtain sufficient measurement accuracy for application

to noise management

4. Overview of New Measurement Method

4.1 Configuration of measurement system

As shown in Fig. 3, the system reproduces a condition
equal to that during actual operation of the CVT variator
with the straight portion of the chain exposed in the
measurement space. Multiple displacement sensors are
installed in the measurement space to measure the length of

the pins in that space.
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Fig. 4 Definition of pin attitude

Fig. 5 Measurement points
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4.2 Selection of measuring instruments

As outlined in Table 1, a decision analysis (DA) was
conducted to select the measuring instruments to be installed
in the measurement space.’® Non-contact laser displacement
sensors were selected as the most effective devices for

ensuring accuracy and shortening the processing time.

4.3 Method of measuring pin length

In order to measure the chain pin length in a dynamic
state, it is first necessary to know the pin attitude in the X,
Y, Z axes in terms of the pitch angle a, roll angle f and
yaw angle y. Accordingly, the pin attitude was defined as
shown in Fig. 4.

In addition, in order to measure the pin attitude, multiple
measurement points were defined at the positions shown in Fig.
5 for calculating the pin position in the measurement space.

Based on these definitions, the pin length L was defined
as shown in Fig. 6 as the length of a straight line connecting
the two end points (closed circles @) faces of the pin,
crossing through the respective middle points (open circles
() between the line (1) and (2) and the line (3) and (4).

Multiple laser displacement sensors were positioned for
calculating the chain pin length from the four points defined
in the measurement space. As shown in Fig. 7, two types
of displacement sensors are used, making a total of six
sensors. One type is for obtaining 2D shape measurements
and the other type is a 1D displacement sensor.

The arrangement of the 1D laser displacement sensors
is shown in Fig. 8. Based on the measured data obtained
with these sensors, the pin attitude is calculated in terms of
its pitch angle a,roll angle  and yaw angle .

As shown in Fig. 9, the 2D shape measurement sensors
are used to measure the shape of the pin end faces. The
measured data are used in calculating the pin length L.

Based on the foregoing concept, the measuring instruments
(Fig. 10) were manufactured, and their measurement accuracy

and the required measurement time were verified.

5. Verification of New Measurement Method using Actual
Chains

Fig. 6 Length of a pin

New Non-contact Measurement Method for Moving Parts

Fig. 7 Type of laser sensors
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Fig. 9 2D Laser sensors

Fig. 10 Measurement setup
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Fig. 8 1D Laser sensors

5.1 Measured results for pin attitude

Because the chain pins are connected to the link plates,
the roll angle and yaw angle of adjacent pins arranged in
a row should be consistent. In addition, the pitch angle
should be within an angle range that allows the pins to
rotate. These points were investigated in verification tests
conducted on actual chains. Figure 11 shows the definition
of the pin attitude and the measured results.
e Pitch angle a

The pitch angle of each pin was envisioned to be
approximately 3° corresponding to (preceding pin +
following pin)/2. The measured results were in line with
this concept.
* Roll angle S

The roll angle was measured from the displacement of
the pin at the two top and two bottom points. The upper and
lower surfaces showed the same tendency, so the measured
results were presumably valid.®
® Yaw angle y

The yaw angle was measured in terms of the time
difference between the two points on the left and right sides
of the upper surface. The yaw angles of the preceding pin
and following pin coincided, so the measured results were

presumed to be valid.®

Fig. 11 Measurement results for pin angles
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—e— New measurment method

--k-- Current measurm ent method

Pin length

No.l No2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10 No.11 No.12 No.13 No.14
Examples of pins

Fig. 12 Comparison of pin length

Targeted accuracy

No.l No2 No3 No.d4 No5 No.6 No.7 No.§ No.9 No.10 No.11 No.12 No.13 No.14

Error of Pin length

Examples of pins

Fig. 13 Accuracy of pin length
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5.2 Measured results for pin length

The pin length was calculated using the measured results
for the pin attitude presented in the preceding section. The
pin length L was measured with both the current method and
the new method and the results were compared to verify the
new method. The pin length L showed the same tendency for
both the new and current measurement methods (Fig. 12).

The accuracy of the measured pin length was within the
targeted accuracy. This confirmed that the accuracy of the
chain pin length measured with the new method satisfied
the targeted accuracy (Fig. 13).

5.3 Shortening of measurement time with the new
measurement method

The measurement time with the new method was around
4 min., including the time for setting up the chain assembly
on the stand. The objective of shortening the measurement

time was clearly achieved (Fig. 14).
6. Conclusion

The following results were obtained in this development
project.

* A new non-contact measurement method was
developed for measuring the length of CVT chain
pins under a condition close to that of actual CVT
operation.

*Jt was confirmed that the measurement accuracy
satisfied the targeted accuracy as a result of adding
compensation for the pin attitude.

* The time needed for measuring all the pins was
markedly shortened, thus achieving the targeted
measurement time.

It is expected that this new method can be used in mass
production operations and it will be further improved in the
future.

Finally, the authors would like to thank everyone
involved for their invaluable cooperation with the

development of this new measurement technology.

Target time 5 min.

Fig. 14 Measurement time
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Summary At JATCO's production plants, we are
constantly promoting various activities aimed at improving
production quality. As one example of these efforts, the
R&D Division and the Production Division worked together
to develop and implement a new system for detecting
abnormal noise produced by ATs and CVTs. This article
describes the details of this system.
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1. Introduction

Quality assurance regarding the noise and vibration
produced by ATs and CVTs is judged by using a vibration
measurement system” capable of quantitatively evaluating
gear noise that is clearly known to be the causal mechanism.

On the other hand, quantitative quality assurance methods
have yet to be established for abnormal noise, the causal
mechanism of which has not been identified. Abnormal noise has
been evaluated subjectively by skilled and experienced inspectors
and has been one cause of variation in production quality.

In this project, we set about to develop a method for
quantifying abnormal noise with the aim of improving

transmission quality.

2. What is Abnormal Noise?

For noise and vibration for which the causal mechanism
is clearly known, the conditions producing these phenomena,
analysis methods and judgment criteria have been defined
beginning from the planning and development stages.

However, the phenomena referred to as abnormal noise
include things whose occurrence cannot be envisioned at the
planning and design stages as well as phenomena caused by
unexpected defects or troubles in the parts manufacturing
and assembly processes.

The conditions producing such abnormal noise as well as their
frequencies and levels cannot be predicted. Because quantitative
methods of evaluating such noise cannot be verified in advance,
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Fig. 2 Concept of the detection of abnormal noise

these phenomena make quality assurance all the more difficult.
Figure 1 shows an example of an analysis of abnormal
transmission noise. The X-axis shows the frequency, the
Y-axis the input shaft speed and the Z-axis the vibration level.
It is seen that when abnormal noise occurred, peaks occurred
(enclosed in the oval) that were not order components of
gear noise.Detection of such abnormal noise requires a new

analysis method instead of conventional analysis techniques.

3. Overview of Abnormal Noise Detection System

3.1 Abnormal noise detection logic

Abnormal noise refers to noise and vibration phenomena
that are markedly divergent from the noise and vibration
levels produced by normal transmissions. An example of an
analysis of such phenomena is shown in Fig. 2. In relation to
the normal level a at a certain frequency FO, the abnormal

noise level becomes a + f.

3.2 Method of quantifying abnormal noise

Figure 3 illustrates the concept for detecting an
abnormal noise signal quantitatively at the final tester.
The noise and vibration signal of interest is measured for
a certain period of time. Data on the noise and vibration
level in each frequency band are collected by means of a 1/3
octave analysis. From the data for each frequency band of
the test transmission, the following is found:
judgment criterion determined for each measurement time
= mean sample value + a x standard deviation
The level of the noise and vibration phenomena produced by
a normal transmission is defined and used as the criterion
value. Any phenomenon exceeding this level is judged to be

abnormal noise.
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Fig. 3 Method of abnormal noise quantification
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Fig. 4 Common test pattern for vibration measurement and
abnormal noise measurement

4. Applicability to Final Tester

4.1 Requirements for system development

The development of the system proceeded under the
three following conditions in order to minimize any impact
on existing production lines.

(1) The system must be able to run in the operating

mode of the final tester.

(2) It must be able to distinguish abnormal noise in real time.

(3) It must be possible to use the existing measurement

system.

The existing final tester process includes an operating
mode for quality assurance with regard to vibration (Fig. 4).
It was conceived that the abnormal noise detection process
would be processed simultaneously in this operating mode.

Figure 5 is a flowchart of the proposed abnormal noise
detection system. The white blocks in the figure are elements
of the existing final tester system. The green blocks show
the flow of the analysis and judgment operations added for
abnormal noise, which are carried out in parallel.

For the measurement tool, it was decided to use the
vibration measurement system that was already being used
as the vibration analysis tool. Application software was
developed that incorporated the method mentioned above
for detecting abnormal noise. Just adding that software
made abnormal noise detection possible (Fig. 6).

4.2 System verification using transmissions producing
abnormal noise

A total of six types of transmissions—three ATs and three
CVTs—were selected as units producing abnormal noise.
Tests were then conducted using these six samples to verify
the effectiveness of the abnormal noise detection system.

Start of final tester process

Examination of shift
performance

No .~
I !

-~ . Examination of abnormal
Examination of gear noise

noise
e <

End of final tester process

Research operation

Not O

Action

Fig. 5 Flowchart of abnormal noise detection in the final
tester process
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Fig. 7 Inspection results for an AT sample
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Fig. 6 Common measurement system for vibration and
abnormal noise detection

An example of the abnormal noise found for one of
the AT samples is shown in Fig. 7 and a similar example
of the abnormal noise found for one of the CVT samples is
presented in Fig. 8. The X-axis shows the time, the Y-axis the
frequency and the Z-axis the vibration level. A signal input
(red portion) exceeding the abnormal noise judgment level
defined for each frequency band is clearly seen in the figures,
indicating that abnormal noise was successfully detected.

Similar results were also obtained for the other
transmission samples producing abnormal noise, thus verifying
that abnormal noise detection was possible. Moreover, the
judgment results all coincided with the results of subjective
evaluations made by skilled and experienced inspectors, which

confirmed the effectiveness of this new system.

4.3 Judgment of applicability to final tester

After confirming the effectiveness of the system for
accurately detecting abnormal noise, the next step was to
evaluate the third development requirement concerning the
implementation of the system with respect to the following

points:

Fig. 8 Inspection results for a CVT sample
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(D) no change in the takt time of the final tester,

(2) capable of making real-time judgments at the final

tester, and

(3) applicable to the existing simulation system.

Based on the evaluation results, it was judged that the
system was applicable to the existing final tester. As a result,
that easily facilitates the horizontal deployment of the new
system on all production lines worldwide where the same

vibration level analysis tool is used.

4 4 Desired style of abnormal noise detection system

In future work, we want to develop an abnormal noise
detection system for use in a wider range of final tester
operation. That is because abnormal noise can also occur in
the operating mode for performance measurement, not just
in the process for measuring vibration.

Through continuous operation of the abnormal noise
detection system, we also want to collect big data on the
types of abnormal noise detected, their causes and effective
countermeasures and use such data in investigating the
causes of abnormal noise and in carrying out activities
efficiently to improve our transmissions.

The promotion of such activities will clarify the
performance requirements to be pursued in transmission
development/manufacturing and also in parts manufacturing
and assembly. As a result, it will surely be helpful in

manufacturing transmissions of even higher quality.

5. Conclusion

As a result of developing this quantitative method for
detecting abnormal noise, it is now possible to distinguish
unexpected abnormal noise, the cause of which cannot be
identified.

This system is currently being used in production
workplaces that have already completed the preparations
for its implementation. The system has made it possible to
detect abnormal noise reliably without relying on skilled
and experienced inspectors.

Efforts will be made to promote horizontal deployment
with the aim of implementing the system in all of JATCO's
production plants.

Using the cases of abnormal noise identified by this
method, we want to detect abnormal noise in advance at the
planning and development stages of a new transmission and
thoroughly eliminate abnormal noise at the development

stage.

Implementation of an Abnormal Noise Detection System

Finally, we would like to thank everyone concerned
inside and outside the company for their invaluable
cooperation with the development of this system.
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Summary JATCO has continually carried out quality
assurance activities leading to innovations in monozukuri.
Transmissions are required to attain the highest possible
levels of quality in order to meet customers' demands for
lighter weight and improved fuel economy. In order to
respond to these demands, a review was made of the quality
assurance process for new products and improvements were
implemented. This article presents examples of the efforts
made to improve the launch quality of purchased parts in

connection with the development of new products.
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1. JATCO's Quality Assurance Activities for

Purchased Parts

Over 70% of the parts used in JATCO transmissions
consist of items purchased from suppliers. For that reason,
ensuring the quality of purchased parts is one of the most
important issues in maintaining and improving the quality
of our transmissions. Toward that end, we have previously
confirmed quality mainly by conducting process audits at
suppliers after the official design release for regular mass
production. With the aim of further improving the quality
of purchased parts, we endeavored in this project to front-
load quality assurance activities for these parts prior to the

official design release.

2. Problems in Quality Assurance Process for

Purchased Parts

As a result of reviewing the quality assurance process
for purchased parts, the following three problems requiring

further improvement were identified in some processes.

2.1 Designers' intentions were not fully transmitted to the
shop floor.
The key to quality assurance lies on the shop floor.

i REIE AR
Quality Assurance Department

1971
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’ Input by JATCO'’s R&D Division 4

However, a problem that was found in some processes
was that the designers' intentions were not accurately and
completely transmitted to suppliers and incorporated in
quality control items on the shop floor. Consequently, they

were not correctly conveyed to shop floor workers.

2.2 Production issues were not shared at an early stage,
leading to quality troubles when mass production was
launched.

Issues in production operations that occurred during
trial production were not shared at an early stage, which led
to instances of quality problems when mass production was

launched.

2.3 Drawings were not conducive to high productivity.

For parts manufactured in-house, drawings conducive
to high productivity were created through simultaneous
engineering activities. However, those activities were not

sufficiently carried out for purchased parts.
3. New Quality Assurance Process for Purchased Parts
Based on the foregoing problems in the existing

quality assurance process, a new process was devised and

implemented to resolve these issues.
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3.1 Thorough conveyance of designers' intentions via a
quality design document

A “quality design document” was created as a tool for
thoroughly conveying designers' intentions to production
engineers and shop floor workers without any omissions
(Fig. 1). This document reliably transmits the items that
must be assured with respect to part functionality from

product design to process design and then to the shop floor.

3.2 Sharing and early resolution of issues utilizing 4M
interview form

A “4M interview” was initiated to ask the people in
charge of production at suppliers about their thinking
concerning production (Fig. 2). Interviews are conducted
when selecting supplier candidates in order to share
potential issues in production operations at an early stage.

The 4M interview concerns the perspectives of methods,
machines, materials and manpower, and questions are asked
to obtain an overview of the supplier's production plan. Based
on that plan overview, potential production issues are jointly
identified and proposed solutions are devised. Progress
in addressing the issues is monitored on the basis of the
production plan so as to achieve a smooth production launch.

3.3 Creation of drawings conducive to high productivity
through a simultaneous activity for drawings

A “simultaneous activity for drawings” was newly added in
this project as a quality assurance process for purchased parts
(Fig. 3). In this activity, potential problems in production
operations are identified based on the drawings and parts
used for trial production. The R&D, Production, Purchasing
and Quality Assurance Divisions work together to create
drawings that satisfy the required functionality and are also
conducive to high productivity.

3.4 Promotion of reliable issue resolution through design
review of purchased parts

A “design review of purchased parts” was added to the
quality assurance process for purchased parts as means of
promoting the resolution of production issues. A review is
undertaken to verify whether identified issues have been
resolved correctly and reliably. Experts meet and apply
their respective knowledge in a joint effort to resolve issues
effectively in this activity.

The addition of this review activity facilitates early
identification of issues that tended to be overlooked in the
past, thereby enabling potential problems to be resolved at
an early stage of the production preparations.

Improvement of New Product Launch Quality through Process Innovation
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Fig. 3 Example of improvement through simultaneous activity for drawings
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4. Conclusion

The activities described here were initiated from the
second half of fiscal 2015, and each activity has produced
results that have been greatly effective in improving the
quality of purchased parts.

The authors would like to sincerely thank the suppliers
and everyone involved at JATCO for their understanding
and invaluable cooperation in firmly establishing these

activities in the quality assurance process.

H Author W
Akihisa KAWAI
1100l



EEOEH

JATCO SV =R R EE)

JATCO's Cleanliness Activity

Bl

Tomohiro AKIYAMA

B OR—RR™

Taichirou YOKOYAMA

¥ 8§ YYvhaid AT, CVTEMA—A—LLT, 2
TED, [2)—= A GE) | 2AEICERL T&E. A&
PEFRMNC BT, WERLZ) = —AIZFHL, 7
O— VR ZLTE225, Eo645EmEOFEIIC
IR E 21T 572, AT, CORDMAANE%E
AT 5.

Summary As a specialized manufacturer of ATs
and CVTs, JATCO has vigorously promoted “Cleanliness
Activity” for many years. In The Production Division, the
importance of cleanrooms was recognized in early times,
and global deployment of the cleanroom has been promoted.
In the latest Cleanliness Activity, it has been undertaken to
implement further cleanliness improvements for the purpose
of achieving even higher levels of quality. This article
describes the details of the latest Cleanliness Activity.
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1. Introduction

Reducing the drive torque of the oil pump (OP) has
become an important issue in connection with the rigorous
fuel economy required of ATs and CVTs in recent years.
That requires reducing the discharge flow rate of the oil
pump, and ATF leakage from all parts of the system has
been reduced. For reducing leakage from the control valve
(CV), the fitting clearance has been minimized, which has
increased sensitivity to contamination.

In addition, there are also demands for further
improvement of driveability, which requires precision
control, making it necessary to move the control valve

slowly and finely. As a result, the control valve is more

I Transmission I

Pulleys
clutches

PIT
lubrication

v
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In-vehicle oil cooler
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Fig. 1 Concept of cleanliness design
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highly sensitive to tiny contamination than before.

Both of these aspects make strict contamination control
more necessary than previously, so we decided to undertake
further cleanliness activities.

Control valves in ATs and CVTs are protected from
contaminants by a suction filter (SF) that serves as a
contamination filter when fluid is supplied from the oil pan
to the control valve.

The passages through which the fluid flows after passing
through the suction filter are called the clean side (red arrow
portions in Fig. 1). In contrast, the passages, including the
oil pan, with fluid containing a lot of contaminants are
called the dirty side.

In order to clean contamination from the clean side to a
greater degree than before, the suction filter specifications
were changed to capture even finer contaminants.

However, if there is contamination on the clean side
initially when the unit is assembled, that contamination will
reach the control valve without passing through the suction
filter. Accordingly, it could cause an operating failure or
some other issue. To avoid that possibility, it is necessary to
clean the clean side even more at the assembly plant.

There are two key points in this regard: (D to clean
the parts and (2) to reduce the incursion of contamination
when a unit is assembled. Improvements were made to the

cleanroom in order to accomplish the second point.
2. What is a Cleanroom?

A cleanroom is an environment in which air cleanliness
is controlled. Japanese Industrial Standard JIS Z8122
(Contamination-Control Terminology) defines a cleanroom
as an enclosed space in which contamination control is
performed. The concentrations of airborne particles and
airborne microorganisms in the air in a cleanroom are
limited and controlled to below a specified cleanliness
level. In addition, the cleanliness required of the materials,
chemicals, water and other things supplied to a cleanroom
is strictly maintained. The humidity, temperature, pressure
and other environmental conditions in a cleanroom are also
controlled as necessary.

At JATCO, we recognized the necessity of cleanroom
technology at the early stage of manufacturing ATS in the
1970s and installed a suitable cleanroom on the assembly

lines according to the targeted quality.
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Table 1 Classification of protection levels

Protection| Target

Explanation
level process

Required level

For conversion to parts |[Work area for converting to package form for

L Logistics package form supply to assembly process

For logistics in assembly

Area traversed by dollies etc. in dust—proof room
area for general parts

2 Assembly

For assembly of general
parts

For assembly of C/V
component parts

3 Assembly Assembly work area for general parts

4 Assembly Assembly work area for C/V components

4. BYTEWRDETE 3. Defining Priority Issues to be Addressed

41 FOFHLavDES In order to respond to rising quality requirements, we

CVTZ =y MIRDOLNDLERL NS LT, #IZ
T)7 (T#) %, Table HI/RT 4B (Tu723an)ic
XorL7z.

went beyond the framework of our existing benchmark
activities and undertook a survey that also investigated
trends outside the automotive industry. In reference to
examples in other industries as well, including medical
care, food and electronic equipment, the following issues
4.2 BRRDEIE
EFRLITOT I TarkER T H7:00 AR R
i, 2L 7R R M Z -7z (Fig. 2). ZHU
£, LD ED T )= V=2 DBHLRELERE, 7
O—7NZE DR THRE O TAEZRE MK LI

were selected for improvement of our cleanroom.
(D Opening when workers enter the room

(2) Opening when dollies enter the room

(3) Wide opening for feeding in parts

(® Entry of dirty containers

(® Dirty floor
7 > . .
%072, (6 Insufficient cleanliness control for key parts
EConventional method
Single door Single door
O - % O O -
‘ i Low waIII ‘ j\ j\ Low wall T;‘ ‘
Picking area | C/V Assembly | Inside M/H Assembly Inside M/H Picking area ‘ Machining area
\ \ \

HAfter improvement

Double doors

@ High wall

Double doors

Positive pressure

Doubje doors @
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o %ﬁ%%%@fﬁ%f%@

1st protection level | 4th protection level

Picking area | C/V Assembly

3rd protection level 2nd protection level 1st protection level Machining area

Assembly Inside M/H Picking area

Fig. 2 Cleanroom concept_4 protection levels
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Table 2 Cleanliness targets

Protection | Target Cleanliness
Target area
level process level
1 Logistics |For conversion to parts package form General
2 Assembly For logistics in assembly area for general Good
parts
3 Assembly |For assembly of general parts Good
4 Assembly [For assembly of C/V component parts Excellent
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Fig. 3 Air shower
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(D Insufficient cleanliness control in the dust-proof room
Insufficient employee awareness of contamination

4. Defining the Desired Cleanroom Condition

4.1 Definition of protection levels
As shown in Table 1, the assembly process areas were
classified into four levels of protection according to the

cleanliness level required there for CVTs.

4.2 Establishment of protection system diagram

A schematic diagram was prepared showing the concept
and specific layout of equipment for accomplishing the
defined levels of protection (Fig. 2). As a result, everyone can
now envision the desired cleanroom condition without any
hesitation, and all of the company's global operations can
also establish processes having the same level of cleanliness.

5. Defining Targets

The international standard ISO 14644-1 (Classification of
air cleanliness by particle concentration) specifies the allowable
concentration of airborne particles of 5 um or larger in size
per 1 m3 of air. That classification of airborne contamination
particles was adopted for control use as an index of the degree

of attainment of the desired cleanliness condition (Table 2).
6. Introduction of Examples of Activities

The following principles are examples of necessary
conditions for creating and maintaining a clean production
area.

1. Do not carry particles into the cleanroom.

2. Do not generate particles in the cleanroom.

3. Immediately remove any particles that has occurred.

4. Do not allow particles to accumulate.



JATCO ) =R REH

6.2 B v vd— —HFHHIAKEN

N, T=2OM AT E vy y—%% T, [FRCE
L ZWil#H%2 3528 T, FH5 (KK ) DR A% Ik
L7z (Fig. 4).
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The following are examples of typical measures that
were implemented on the basis of these principles.

6.1 Air shower: for not carry particles into the cleanroom.

An air shower was installed at the entrance for workers
and dollies to reduce the amount of contaminants carried
into the cleanroom on their clothing and on workpieces
(Fig. 3).

6.2 Double doors: for not carry particles into the cleanroom
Double doors were installed at the entrance/exit for workers

and dollies (Fig. 4). Additionally, the doors are controlled so

that they do not open simultaneously, thereby preventing the

incursion of outside air containing contaminants.

6.3 Low wall and shiny floor: for not generating particles

A low wall was built between the assembly area and the
logistics area to prevent the wheels of dollies from stirring
up contaminants accumulated on the floor. The optimal
wall height was specified based on the results of verification
tests concerning the stirring up of contaminants. This wall
height has been deployed globally.

The color of the floor was also changed to a white
glossy paint that is easier to manage for maintaining the
cleanliness of the floor (Fig. 5).

6.4 Particle counter/monitor: for monitoring cleanliness level

A particle counter was installed to measure the particle
concentration in the cleanroom for constantly monitoring the
cleanliness state. A dedicated monitor was also installed to
visualize the state of contamination control, thereby creating

an environment that is easier to control and maintain (Fig. 6).

Fig. 6 Particle counter and TV monitor
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Fig. 7 Workers in the cleanroom

6.5 Employee education for elevating their awareness

Besides the hardware measures mentioned here, the
following practices were also strengthened and standardized
in the area of personnel management (Fig. 7).

¢ Inspection and cleaning of equipment

* Specified place for changing shoes

* Specifications of dust-proof clothing and hats

¢ Establishment of a regular cleaning cycle

7. Effects of Cleanliness Activities

As a result of implementing the foregoing activities,
the concentration of airborne contamination particles was
markedly reduced compared with before, thereby clearing
the new cleanliness criterion (Fig. 8). The aforementioned
monitor is being used to control contamination trends, and

continuous efforts are under way toward further improvement.

8. Conclusion

The activities described here have contributed to a
remarkable improvement in CVT cleanliness. The workers
involved in assembling CVTs are now aware that they are
handling ultra-precision parts and that awareness has led to
marked changes in their behavior.

The authors would like to take this opportunity to thank
everyone concerned for their invaluable cooperation with

these activities.
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Summary In order to cope with the sharp increase in
demand for vehicles equipped with the Jatco CVT8 (here
after CVTS), JATCO has expanded the production lines for
this unit in phases at the company's global assembly plants.
In 2016, we newly installed an additional production line in
the Fuji Area to meet the increased demand for the CVT8
for use on the X-Trail, Teana and other models of Nissan
Motor Co., Ltd. Production on this new line was launched in
April 2016 using state-of-the-art production technologies.

This article presents an outline of this new additional line.
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1. Introduction

In implementing this new production line, we tackled
three key issues to meet the customer's needs and also as
challenges for JATCO's future growth (Fig. 1).

(1) Cleanliness process designs for improving CVT quality
New process designs were implemented for thoroughly
preventing incursion of contamination.

(2) Advance work training for reaching full production quickly
Work training was conducted in cooperation with a JATCO
plant at another location in order to achieve full production
on the new line at a faster pace than before and supply the
required CVT volume.

(3) Implementation of innovative technologies to further
improve production engineering capabilities

New technologies were applied to this mass production

line to promote monozukuri innovations.

2. Project Overview and Details of Specific Activities

2.1 Project overview

Location: Plant No. 2 in Fuji Area No. 1

Production capacity: 6,000 units/month

Start of production: April 2016

This new line is JATCO's 11th CVT production line
globally and the 5th production line for the CVTS (Table 1).

BT R

Engineering Management Department
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Assembly line -
i I T T

(1) - Not exist
2 Fuji area#f2 JFOT1E
. JFO16E, JFO17E(Jatco CVT8),
3 Mexico site#1 JFO18E, JFO19E(Jatco CVT8 HYBRID)
4 e JFO16E(Jatco CVT8),
JFO19E(Jatco CVT8 HYBRID)
5 Mexico site#f1 JFO15E(Jatco CVT7)
6 Gagehan JFO20E(Jatco CVT7 W/R),
JFO15E(Jatco CVT7), JFO16E(Jatco CVT8)
7 Fuji area#1 JFO15E(Jatco CVT7)
8 Kakegawa JFO15E(Jatco CVT7)
9 Thailand JFO15E(Jatco CVT7)
10 Mexico site#2 JFO16E(Jatco CVT8)
11 Fuji area#1 JFO16E(Jatco CVT8)

as of December 2016

Table 1 JATCO CVT production lines
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Fig. 2 Installation of double shutters and air shower at parts
entrance

Project Concept

4 CHANCE ~N

1. To build a new line in Japan as a global mother plant

2. To form a new coherent line from materials to assembly
3. As 5t line for Jatco CVT8, therefore SQTC* issues are cleared./

‘ *Safety,Quality, Time,Cost
Project concept

We aim the most excellent line as a mother plant.

@ Man:Top of Genba Kanri

®Materials : Top of Contamination prevention quality
®Machines: Top of Jatco new technology

@ Methods: Top of Synchronized production

Fig. 1 Project concept

2.2 Specific activity #1
Cleanliness process designs for improving CVT quality
Inthisactivity,all the operationsrelated to contamination
prevention were newly designed with the aim of thoroughly
reducing contamination inside CVTs. The following are
specific examples of the work that was done.
(1) The cleanroom of the assembly process was newly
designed to reduce the amount of contamination in the CVT
fluid inside CVTs.
(2) The microshot (MS) peening operation in the pulley
machining process was newly designed to reduce

contamination remaining inside the CVT hydraulic circuit.

2.2.1 Newly designed cleanroom of the assembly process
Assembly operations require a process design that
prevents contamination from getting into CVTs during
production. This includes suspended contamination
in the air, contamination attached to parts containers,
and contamination sticking to workers' clothing. A new
cleanroom was designed in this project with stronger

measures to prevent incursion of contamination (Figs. 2-5).

Fig. 3 Special uniform of workers in key contamination
control processes
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Fig. 4 Monitor for controlling airborne contamination count

Fig. 5 Sparkling clean production area due to daily
cleaning
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Fig. 6 Cleaning operations added to MS peening process

2.2.2 Newly designed pulley MS peening process

Pulleys for high-torque CVTs undergo a MS peening
process to increase their surface hardness for improving
durability and reliability. The diameter of the MS peening
particles is several tens of micrometers. A degreasing/
cleaning process was added before the MS peening
operation and an intermediate cleaning process was added
after the peening process (Fig. 6). These new cleaning
operations are intended to thoroughly keep MS particles
from remaining in or sticking to parts. In addition, the MS
peening process was installed in a negative pressure room
to prevent MS peening particles from scattering from the
MS peening machine (Figs. 7-8).

2.3 Specific activity #2

Advance work training for reaching full-capacity
production quickly

In this activity, the transition to a three-team system and
full-capacity production were achieved at a faster pace than
before. Previously, the launching of three-team production
began with the training of the first team followed by the
initiation of production operations. During a subsequent
period of several months, training for a three-team system
was done while proceeding with production operations.
Finally, a transition was made to full-capacity production.

With the new approach, the first step was to prepare a
training line for difficult operations and processes requiring
a long training time. Advance work training was then
carried out on that line (Fig. 9).

The second step was to conduct training on an existing
line at JATCO's Yagi plant for key workers who would teach

Fig. 7 Overall view of MS peening process
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Fig. 9 Training in difficult work operations on the training
line
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Fig. 8 MS peening machine in negative pressure room

others. This training took advantage of the fact that the new
line was an additional production line. The key workers
conducted training simultaneously for the personnel of the
three-team system (Fig. 10).

Thanks to these activities, full-capacity production by
three teams was achieved in approximately one-half of the
time that it took previously.

2.4 Specific activity #3
Implementation of innovative technologies to further
improve production engineering technological aptitude.
Numerous measures for newly developed production
technologies were applied to this new mass production line
for the first time in this activity. Some typical examples are

described here.

2.4.1 Implementation of new types of assembly process
robots

Assembly process robots were installed for the first
time that can grasp soft rubber parts with the same tactile
pressure as human workers and also assemble them in the
same takt time (Figs. 11 & 12).

2.4.2 Installation of versatile material-transferring system
in machining processes

An inexpensive and versatile material-transferring
system based on robots was implemented in this project
(Fig. 13). The robot hands were reduced in weight and

innovations were made to the chucking method.
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Line installation/production trial

N raining of 2nd team
“Training of 3rd team

Fig. 10 Simultaneous training for three teams

Fig. 11 JATCO's first installation of new type of robot
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Fig. 12 O-ring assembly by new type of robot

Fig. 13 Previous high-cost automatic material-handling
system

Previously, the workpiece base was used in the
automatic material handling system for transferring large,
irregularly shaped workpieces like transmission cases
between processes. Cases were moved along dedicated rails
between the machining centers (Fig. 14).

However, because of its specialized design, that system
was expensive and lacked general versatility, which were

points requiring improvement.

2.4.3 Installation of automatic measurement equipment for
inspecting inner surface of control valve spool holes

In this project, a highly accurate discrimination method
was developed and automated, which combines measured
data obtained by laser beam scanning with image processing
(Fig. 15). Previously, this inspection was performed with an
endoscope and judgment was made visually by the human

eye.

Implementation of New Production Technologies on the Global #11 CVT Line

Fig. 14 Installation of inexpensive, versatile material-
handling robots
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3. Conclusion

This article has presented an overview of the new CVT8
production line that was additionally installed in 2016. The
details of specific activities undertaken to address key issues
were also described. The activities achieved the following
improvements compared with previously.

(1) Contamination prevention quality was improved through
process design improvements.

(2) Production was launched more quickly through
innovative worker training methods.

(3) Efforts were made to improve production engineering
technological aptitude through the implementation of
innovative technologies, and specific accomplishments
were achieved.

The knowledge and experience gained through this
project will be carried over to the planning of the next
new production line to further improve quality and shorten
delivery times, thus contributing to our customers' needs.

The author would like to thank everyone involved inside
and outside the company for their invaluable cooperation

with the launching of this new production line.

Fig. 15 Automatic measurement equipment for inspecting
inner surface of spool holes

Hiroshi OGASAWARA
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iFactory Project: Implementation of an Equipment Operation Monitoring System on a Model Line
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Summary JATCO is promoting the use of Internet
of Things (IoT) technology in production operations with
the aim of improving productivity, enhancing quality and
achieving faster production launches at assembly plants.
This activity is based on the benchmarking research of IIC
in the U.S., Germany's Industry 4.0 and IoT. This article
describes a new equipment operation monitoring system
that has been developed for the purpose of improving
equipment management as part of the iFactory Project that
JATCO launched in August 2015.
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1. Introduction

In connection with the recent progress made in the
Internet of Things (IoT), JATCO has formulated an IoT
strategy as shown in Fig. 1 and is moving ahead with related
activities. As the first step, a system was implemented for
visualizing the operating status of equipment. However,
because this monitoring system could not be modified
immediately to meet desires for improvements with regard
to its operation on the shop floor, it was not possible to gain
the full benefits of the system.

Therefore, it was decided to build a new equipment
operation monitoring system in-house, taking into account
future versatility and expansion and without relying on an
outside systems vendor. As a result, the new system was built
and can be modified quickly at low cost. Its effectiveness
is clearly demonstrated in operational aspects on the shop

floor. The following is an overview of the new system.

2. Overview of New Equipment Operation Monitoring
System

2.1 Model line
Fixed pulley machining line in Fuji Area No. 1
Production capacity: 16,000 units/month
Model produced: Jatco CVT7

BT R

Engineering Management Department

o TR
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The line consists of eight machining centers and one
material transferring robot. The material transferring

process on this line is automated.

2.2 Previous system issues and solutions

As shown in Fig. 2, in the “Previous” system, line charts
and overall equipment efficiency check forms were used to
grasp the equipment operating status on the shop floor. That
system had the following issues.

@ A supervisor did not have real-time information
about the shop floor situation, but rather often received
after-the-fact reports.

@ There were instances when operator failed to input
information or input incorrect information.

@ The input data were managed on paper, so it took
considerable time to aggregate them.

To resolve these problems, the following requirements
were defined for the new equipment operation monitoring
system as shown in Fig. 2, in the “New” diagram in the
figure.

@ The operating status is displayed on a monitor so that
it can be grasped in real time.

@ Data on the equipment operating status are correctly
obtained and aggregated automatically. A function is
provided for automatically generating the graphs needed by

a SUpervisor.

2.3 Configuration of new equipment operation monitoring
system

As illustrated in Fig. 3, the new equipment operation
monitoring system consists of the shop floor equipment,
line servers and a local server. The new monitoring system
can be accessed from any Windows OS-based device that
can be connected to the in-house LAN, including PCs,
tablets and others. The system specifications allow access
in any environment where the in-house LAN can be used,

including offices, alongside the line and other locations.

2.4 Features of new equipment operation monitoring system

Top priorities were given to simple operation and
monitoring so that the new equipment operation monitoring
system could be built and modified by internal departments.
To facilitate that, communication protocols were selected
and implemented that are usable in common between pieces
of equipment made by different manufacturers along with
new software that is compatible with the protocols and can

be easily updated by internal departments.
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Local Server

Line Server

Equipment Operation Monitoring

Fig. 3 Configuration of equipment operation monitoring
system

This made it possible to connect the equipment, line

servers and local server directly via one software program.

® Ease of operation

Different types of signals that are transferred from the
equipment and shared in common can be easily defined in-
house, thereby ensuring ease of operation.
* Connectivity

This system monitors and can be connected directly to
the equipment controllers made by all the manufacturers.

Consequently, it eliminates the need to install any new
dedicated circuits for outputting signals from the equipment,

which were necessary previously.

3. Description of Major System Functions

3.1 Operating status monitor

The operating status of every piece of equipment can be
viewed in real time on a tablet terminal or a PC terminal.
The details of an abnormality that has occurred can also be
displayed.

This capability enables a supervisor to grasp the
operating status of equipment anywhere, making it possible
to take necessary corrective action immediately. Figure
4 shows the normal operating status of the fixed pulley
machining line where the new monitoring system has been
implemented.

Figure 5 shows the values displayed on the operating
status monitor for an abnormal situation. The values are
color-coded: for example, green indicates normal operation,
gray indicates waiting for a workpiece, red indicates an

abnormality, and purple indicates the power supply is off.

iFactory Project: Implementation of an Equipment Operation Monitoring System on a Model Line
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Fig. 6 Example of bar chart for different operating statuses
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Fig. 5 Example of color-coded operating statuses
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Abnormality No. 5
Abnormality No.26
Abnormality No. 17
Other

Fig. 7 Example of Pareto chart showing 10 worst
abnormalities

3.2 Operating status display function

The operating status during the normal line operating
time is aggregated for each status separately and each
total time is indicated in minutes. As shown in Fig. 6, a
function is provided for showing the total duration of each
operating status, including normal, waiting for a workpiece,
abnormality, power supply off and so on.

This makes it possible to grasp operating status
tendencies and has been effective in enabling improvements
to be made efficiently to equipment that frequently
experiences an abnormality, among other benefits. The
possibility of using the system for preventive maintenance

is now being studied.

3.3 Chart showing ten worst abnormalities by their cause

The system compiles data on abnormalities that occur
on each line or for each piece of equipment by their cause
and displays the results in a Pareto chart in relation to the
duration or the number of incidents. An example of a chart
for the ten worst abnormalities is shown in Fig. 7.

This type of analysis now makes it easy to understand
the order of priority and the places to be addressed for

making improvements.
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4. Conclusion

The implementation of this new equipment operation
monitoring system now enables supervisors to grasp in real
time the operating status of equipment, anywhere and at any
time. This facilitates quick action to deal with equipment
abnormalities, and the system has also contributed
significantly to improvement activities for increasing the
operating rate of production lines.

In the future, we want to expand deployment of the new
equipment operation monitoring system, further expand
and improve its functions, and advance its use for preventive
maintenance.

The authors would like to thank everyone concerned at
JATCO for their invaluable cooperation in promoting the

construction of this system.

Tsuyoshi TANISHIMA
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Summary It has become absolutely necessary in recent
years to shorten the transmission development period owing
to the diversification of market needs and compliance with
stricter environmental regulations. Therefore, JATCO has
undertaken efforts to construct a new advanced technology
development process, for example, by using virtual reality
(VR) and mixed reality (MR) techniques that create
virtual environments and 3D printing that facilitates fast
monozukuri. These technologies are being used to support
idea creation at the advanced technology development
stage and to speed up design, prototyping and evaluation
activities. This article describes these technologies and

examples of their application.
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1. Introduction

In recent years, the following technologies have been
developed that are fundamentally changing monozukuri.
e Virtual techniques such as virtual reality (VR), mixed
reality (MR) and augmented reality (AR)
® Rapid prototyping using 3D printing or other
techniques
At JATCO, we are using these technologies to support
idea creation in the advanced technology development
process and in design, prototyping and evaluation activities
with the aim of shortening the development period and
improving work efficiency. This article describes these

efforts in detail.

2. Types of Virtual Technologies

Figure 1 shows examples of the actual use of virtual
technologies. The three aforementioned types of VR, MR
and AR are existing at present. As each type has different
features, an overview of each of these three virtual
technologies is given below.

* Ry —

Future Technology Center
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Fig. 1 Virtual technologies

2.1 Virtual reality (VR)

This technology is used to reproduce artificially an
environment that seems real, though the physical objects in
it do not actually exist. Examples of the use of VR include
driving simulators and games using a head-mounted display,

among others.

2.2 Mixed reality (MR)

This technology is used to create space in which virtual
objects are intermixed with real ones to form a mixture
of real and virtual space. At JATCO, we reproduce the
assembly of virtual parts in an actual transmission case in
mixed reality. Through the medium of images shown via a
head-mounted display, that MR state can be experienced as
if the actual and virtual objects are simultaneously present

before the viewer's eyes.

2.3 Augmented reality (AR)

This technology is characterized by displaying virtual
objects or information within the reality present in the same
screen or in the same range of view. In this respect, AR is
not clearly differentiated from MR. However, AR does not
reproduce accurate positions, orientations or sizes in the real
world in the way that MR does. For example, this technology
can display a virtual object created by computer graphics in
a real image being photographed by a smartphone.

3. Development Process

Figure 2 illustrates the advanced technology
development process used at the JATCO Future Technology
Center (JFTC). First, a 3D model is created of a transmission
under development in order to examine its in-vehicle
installation. That 3D model and the engine compartment
of an actual vehicle are then mixed by MR for examining

mountability and other aspects. Next, prototype parts of the
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transmission being developed are fabricated using a resin 3D
printer. At this stage, the envisioned parts can be recognized in
their real shape. They can be picked up in one's hand, discussed
and their workmanship validated. With the previous advanced
technology development process, it took a period of several
months before real objects were obtained, but using recent rapid
prototyping technology can now shorten that to several days.
That means a direct reduction of the development period and of
engineering costs. Moreover, because there are actual objects,
discussions by the development team members become livelier
and issues that did not appear in theoretical studies also become
clear. In addition, subjective evaluations similar to actual
vehicle driving tests can be conducted using a driving simulator,
making it possible to evaluate the quality of a transmission and
its control system in a virtual environment and implement
repeated improvements. Finally, the specifications determined
through the execution of this cycle are used to manufacture a
transmission prototype and the unit is then evaluated in vehicle
tests and using a transient dynamo. As described here, the
advanced technology development process is formed on the
basis of virtual technologies and rapid prototyping technology.
The following sections describe in detail some examples of the
actual use of VR, MR and 3D printing in this process.

Fig. 3 Driving simulator overview

4. Use of VR

4.1 Driving simulator overview

A driving simulator is a system for simulating the
operation of a vehicle and its dynamic performance. Vehicle
manufacturers use driving simulators at the development
stage to evaluate ride comfort and confirm safety functions,
among other things. As shown in Fig. 3, a general driving
simulator consists of a monitor for showing the forward
view seen from the driver's seat, speakers for outputting
engine noise, road surface noise and other sounds, and a
steering wheel, accelerator pedal, brake pedal and a shift
lever corresponding to those of an actual vehicle. These

features reproduce a virtual driver's seat environment.
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4.2 Aim for implementing a driving simulator

The use of a driving simulator makes it possible to identify
and resolve issues at the virtual study stage, which could not
be evaluated in the previous process until the vehicle test
stage. This includes fluctuation in vehicle acceleration and
noise/vibration performance, among other things. The aim
here is to achieve an advanced technology development cycle

based on virtual technologies as shown in Fig. 2.

4.3 Details of the implemented system

The driving simulator implemented recently is configured
to reproduce a virtual driver's seat environment as described
above. In addition, it also has a six-axis parallel link
mechanism installed under the driver's seat for reproducing
vehicle behavior during driving. As shown in Fig. 4, it can
produce pitching, rolling and yawing motions up to a 15°
angle of inclination, taking into account acceleration of 0.5 G
corresponding to rapid start-off, hard braking, cornering and
hill-climbing. Figure 5 shows the configuration of the system,
which integrates a virtual environment and simulation of
vehicle motion. In the vehicle motion simulation process,
vehicle behavior is first calculated from information on the
operations performed by the driver. The results are then fed
back to the virtual environment simulation and the posture
of the seated driver is simulated and controlled. This system
configuration now enables subjective evaluations by human

sensitivity of the transmission.

4.4 Reproduction of actual driving feel by the driving
simulator

This system can reproduce real driving conditions based
on data inputs of the speed, acceleration and GPS position
information of an actual vehicle (or equivalent vehicle data).
This capability makes it possible, for example, to simulate road
environments in countries around the world and to experience
vehicle behavior and trouble phenomena corresponding to
those environments while being in Japan. Vehicle sounds can
also be reproduced in coordination with the control system
simulation, including reproducing changes in engine noise and

the background noise during driving, among other sounds.

Accelerator position, Steering wheel angle, etc.

' |
UC-win/Road InMotion
Road simulation Vehicle simulation

Road data,
Actuator signals, etc.

—

Vehicle speed,
Acceleration, etc.

Fig. 5 Driving simulator system map
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4.5 Vision of future driving simulator

In the future, we want to construct a simulation
environment that combines an AT/CVT model with
individual pieces of test equipment as shown in Fig. 6. The
aim is to create an environment that facilitates subjective
evaluations of the transmission in tests conducted on
individual elements alone. For example, when developing a
new-generation oil pump, the speed and discharge pressure
of the oil pump tester will be adjusted automatically in
coordination with the simulation, and the pump drive
torque, discharge flow rate and other values measured in
real time will be automatically input into the simulation.
The aim is to create a system in this way that can predict not
only AT/CVT performance, but also changes in behavior

during vehicle launch.
5. Use of MR

5.1 MR system overview

Broadly speaking, an MR system is composed of three
major elements as shown in Fig. 7
@ Display
(2) Motion capture device
(3) CAD system for creating/processing images

There are several types of displays and motion capture
devices that can be used as indicated in Tables 1 and 2,

respectively.

5.2 Aim for implementing MR system

One feature of an MR system is that it can merge
a virtual 3D model and real objects. For example, it can
merge in the same space a real vehicle, for which there is
no 3D model, and a structure created with a newly designed
3D model. Through this ability the aim is to improve the
quality and shorten the time of studies in which real objects
appear as if they are fit together.

Display
HMD/HHD

MR image

‘Ywing

Motion capture

Real image

Attitude

Creating visual data
——

CAD

Optical, magnetic,

ultrasonic wave & gyro

Fig. 7 Configuration of MR system
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Table 1 Types of display

5.3 Details of implemented system

The configuration of the MR system implemented at

JATCO combines the following elements.
¢ Display type: Head-mounted display (HMD)
® Motion capture device: Optical system

An HMD was selected as the display type because it
leaves both hands free for work tasks. A hand-held display
(HHD) has the advantage of allowing stereo vision, but it
was not chosen because work tasks cannot be done with
both hands, which would be an obstacle to simulations of
assembly operations.

An optical system was selected for the motion capture
system because the use of multiple cameras facilitates
motion capture in the broad space of a vehicle and even
in environments with covers like the engine hood or
surrounded by magnetic material. The ultrasonic wave and
gyro types were not selected because there was concern
about operational failures due to covers, and the magnetic
type was not chosen due to concern about operational

failures caused by the presence of magnetic material.

5.4 Examples of the use and benefits of the MR system
Two typical examples of the use of the MR system are
explained here.
(D Verification of vehicle mountability
In conducting in-vehicle tests of a transmission
under development, the unit must be mounted in the test
vehicle with various measuring instruments attached to a
stand. Therefore, a 3D model is made of the stand and the
measuring instruments, and the MR system can be used
to verify the layout of the instruments and the size of the
stand beforehand in an actual vehicle. As a result, this
has eliminated machining for aligning parts and position

correction work, as well as reworking that tended to occur

Table 2 Type of Motion capture

Type Feature
HMD Mounted on the head,
so hands are free.

(Head-mounted display)
HHD

Held in both hands
like field glasses.

(Hand-held display)
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Type Feature

Optical Tracing a reflective ball with
multipoint cameras.

Using triangulation.

Using magnetic sensors for
detecting position and
attitude.

Using an ultrasonic wave

Magnetic

Ultrasonic wave
& gyro. sensor for detecting position.
Using a gyro sensor for

detecting altitude.
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when the measuring instruments were installed in the test
vehicle. The same type of reworking has been reduced in

studies of transmission mountability in a vehicle.

(® Application to design reviews

To date, design reviews have been conducted using 3D
models displayed on a 2D flat screen or monitor. Because
the presenter has performed operations such as rotating,
expanding and contracting the 3D models and creating
cross sections, information has not been shared efficiently
in terms of time. Accordingly, using the MR system to
rotate 3D models, change the viewpoint and starting
position (peeking motions) and confirm cross sections,
while viewing the models in stereo vision, makes it much
easier to understand the unit layout. This has dramatically

improved the quality and speed of design reviews (Fig. 8).
6. Use of 3D Printing

6.1 Overview of 3D printing

3D printing forms shapes with a high degree of
flexibility by building up layers of materials such as metal,
resin or plaster and combining and hardening them using
heat, light, adhesives or some other means. Materials like
resin and plaster are suitable for forming things having a
high degree of creative design and not requiring relatively
much strength, for the purpose of confirming the shape of
prototype parts. The application of metals is expanding
for things having a complex shape and produced in small
numbers such as implants and molds/dies. Examples of the
application of 3D printing are increasing every year, and it
is expected that the scope of application for this technology

will expand further in the coming years.

6.2 Aim for implementing 3D printing

Because 3D printing can form things quickly, it is
possible to aim for the following three benefits.
(D Early identification of issues in the early stage of
development

Using an actual object to confirm motion and examine
the structural layout is effective for deepening one's
understanding efficiently and preventing the overlooking of
issues that should be identified.
(2 Creation of original ideas unrestricted by the
manufacturing process

Parts designed with the previous process had structures

that were tied to the manufacturing process. For example,
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Fig. 9 Types of 3D printer

Fig. 10 Test jig

6.3 BALRTADFH

Fig. OICY XY M AL723D 7V ¥ %R d. ¥ ha
TlE, B RM B O T — VIS, 3B HE 5 A % 1
B35, kG HIES 547 (Binder Jetting) 220074F 12
BAL, #iYWOMEREIHERHLTE. LaL, #6
FIWELST 5 A 71335 F OF AR EHR 720, EIEY
AREHR LR A S 2SR STz, 72, B
R DFEBP 3D T 7 BB UE 572,

ZIT, A7V RPLT 2V RE S b L5
BICREAL R IR 2R E L, UV Y7 CRAL S 24 8
W45 4 7 (Material Jetting) D3D7) ¥ % ¥ 7212385 A
L7z MBS YA 718, MEOBE NS0, &
M OMENEL, 72, BIROTERBEDE W, Zh
I2&D, 7R TR mOBIEMERRD W REE o7z EBIT,
RNy YRR oTBY, AVTFF AR,
W EMRBUC L AL W2, 3DTY BRI
Brlhol.

6.4 3D7V Y DEREFEHR
WHEIELTREWZDIZ, LT O3HETH 5.
OFr ik, il moBh e, HkomER
PHEME, PR 2P T AR TIE, M Tk
PHELL T BB A S . E D7 DCAEMRAHTIC I
BAZELY, Ml EFHESHERS & HE. TOLH%

11261

shapes had to allow for the entry of cutting tools to perform
machining operations and shapes had to be conducive to
joining. Using 3D printing allows a high degree of freedom
for creating the shapes of things. Because the objects can
then be picked up in one's hands and examined, unique
and original ideas can be created without being limited by

existing concepts.

6.3 Details of implemented systems

Figure 9 shows the types of 3D printers JATCO has
implemented. A binder jetting type of 3D printer was
installed in 2007 and has been used in studying transmission
cases, among other things. This type ejects a liquid binder
toward a pool of powder material on a build tray. However,
because the adhesive strength was weak, the formed parts
easily broke, thus limiting the range of use of the binder
jetting process. In addition, a dedicated 3D printing room
was required because of the effect of the scattering powder.

Therefore, a material jetting type of 3D printer was newly
installed. This type ejects an acrylic-based photopolymer
from an inkjet and hardens it by means of a UV lamp.
Because the material has high adhesion, the formed part
has high strength and the shape has excellent dimensional
accuracy. Accordingly, the material jetting process can
also be used for confirming the motion of assembly parts.
In addition, a dedicated 3D printing room is not necessary
because the material is contained in a cartridge, the process
has high maintainability, and there is no effect of scattering
powder, either.

6.4 Examples of the use and benefits of 3D printing

Three typical examples of the use of 3D printing are
explained here.
(D Confirmation of the motion and structure of parts with
new mechanisms or structures
(2) Verification of easiness for assembling

(3 Use as a jig for conducting experiments

(D Confirmation of the motion and structure of parts with
new mechanisms or structures

At the stage of developing new mechanisms and new
structures, there are many technologies for which verification
methods have not been established. For that reason, there are
instances when much time is needed to run CAE simulations
or it is exceptionally difficult to perform theoretical
calculations. In such cases, 3D printing can be used to form

the actual part, making it possible to verify in advance
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(2) Verification of easiness for assembling

2H 7 b S
@A AL D B As mentioned above, verification of easiness for

FLZPE DO RREEIZ SIS FRL R L7228, fER X2 T il assembling was only confirmed in the past using 3D models
HHDIDET VDA TIT>TE, ZHEHTEE displayed on a 2D flat screen. With 3D printing, the actual T
HeZ3DT) Y Y OB EMZAIET, MO FRE part can be fabricated in several days, making it POSSIDIE [0 e loollllooooooolllioooooooooooooioooooooooeoe
HOBLER, VRS OB HEECEL IR, i verify the paths of the worker's hands and parts at the time
V0D ELIE 2 85 30837 T LA P 5 = & ST B L A o 7 of assembly and the posture of the assembly line worker. .
. This now makes it possible to create parts and assembly jigs
@FBHHELTHY conducive to excellent assemblability.
BT DA 5, JE I U i L e
YET5ZELTRETHY, MEEMERN EIZO4RD 5T NS, (3 Use as a jig for conducting experiments
Fig. 10C/RL TV 5D, FEEROELHRZ KI5 72|23 In addition to the parts being developed, it is also
VELT-BETHD, RIEEOEHICLOE GO Y possible to fabricate specialized test jigs to meet the
R O A RS 2 A RS T D E AR requirements of experiments, thereby leading to Improved Tt ooooolooooooooooooooooosooooooooooooooooooooooooo
work efficiency. Shown in Fig. 10 is a jig that was fabricated .
for bundling wires used in an experiment. The use of this
(3= jig reduced the work of arranging the wires and of rewiring
them when making connections.
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The use of VR, MR and 3D printing has shortened the
advanced technology development period. In the future,itis T
planned to expand further the scope of use of VR, MR and
3D printing, and efforts will be made to carry out advanced

technology development work with dramatically higher

efficiency through real-time linkage between components
experiment testers and virtual simulations. As a result, We 7T oo oIoTooIoIoIoTooooTooooooooooooooooooe
believe that the day is near at hand when an Innovative
advanced technology development process will be achieved.
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Development of a NAVI Support System for Vehicle Application Studies
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Summary The Jatco CVT7 has been adopted on various
vehicle models of a number of carmakers. Vehicle application
development work is carried out not only when new vehicle
models are developed, but also at the time of minor model
changes and when target markets change. The scope of vehicle
application work is expanding every year. With this expansion
of the scope of vehicle application activities, there are also
growing requirements for improving the accuracy of the
technical studies involved and development work efficiency.
This article describes a new NAVI system for supporting
vehicle application studies, which has been developed to

improve work processes in order to meet these requirements.
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1. Introduction

After completing the development of the mother unit
of a CVT or AT, vehicle application studies are conducted
based on the target vehicle model, intended market
destinations and the requirements of the carmaker as
the customer. This involves verifying the viability of the
hardware and the suitability of the software with respect
to power performance, driveability and other performance
attributes. It is essential to identify all potential issues in
this process without overlooking anything in order to carry
out the development work without any omissions.

In this development project, we developed a NAVI
system for use in the vehicle application study process for
the CVT7. This system automatically identifies the items
requiring examination and potential issues based on the
related information when the specifications required by the
carmaker are input. With this NAVI system, the carmaker's
requirements can be examined without any overlooking,
making it possible to boost development work efficiency by
simplifying the work flow/processes and also by centralizing
management of knowhow.

The following sections describe the details of this new

NAVI support system.

O DUV TR S oY= T g I B

Vehicle application Development Department, Engineering Division, JATCO Engineering Ltd
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Fig. 1 Flowchart of vehicle application studies

2. Work Flow and Issues involved in Vehicle Application
Studies

2.1 Study process in vehicle application

The conventional work flow for conducting vehicle
application studies is shown in Fig. 1. The carmaker sent
the required specifications to the person in charge of
proceeding the CVT development project. This included
information on specification changes related to the next-
generation vehicle model to be developed and requests for
changes to the CVT.

Based on the required specifications, the project
proceeding engineers identified the items requiring a
detailed technical study and issued work requests to the
design engineers responsible for each part and system. The
design engineers were asked to examine the viability of
each part and system with respect to the next-generation
vehicle model. Individual studies were conducted based on
the required specifications, and the design engineers sent
their responses back to the project proceeding engineers.

The project proceeding engineers summarized the
study results received from the design engineers responsible
for the individual parts/systems and judged whether
the existing CVT specifications could be carried over
unchanged to meet the requirements of the next-generation
vehicle model. This series of studies was carried out at
each juncture of the development lot of the new vehicle
model being developed, and the results were reported to
the carmaker. There were times when all the specifications
could not be carried over, so specification changes became
necessary. In such cases, carmaker representatives and the
design engineers responsible for the parts and systems met
to discuss the necessary studies and confirmation tests.
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Fig. 2 Aims for implementing NAVI system
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2.2 Issues in conventional study process

In the process described above, the project proceeding
engineers judged on the basis of the details of the required
specifications whether design studies were necessary or not
and requested the design engineers of the parts and systems to
undertake detailed technical studies. Sometimes the project
proceeding engineers lacked sufficient expert knowledge to
judge which requirements were related to the respective parts
and systems. There was the risk that potential issues could
not be identified properly. For that reason, excessive more
detailed studies than what was actually needed were often
requested to prevent potential issues from being overlooked.
The exchange of communication for requesting studies and
follow-up messages for encouraging response to a request
caused losses in terms of the numerous man-hours required.

In addition, there were no specified study tools or
methods for managing the data in the study results, so
project proceeding engineers managed the data themselves.
That situation made it difficult to accumulate know-how
from the studies. Consequently, losses were also incurred
when trying to put together the actual results of previous
vehicle application studies because it was necessary to go
around and access the separate databases of individual

project proceeding engineers.

3. Aims for Implementing NAVI System

A NAVI system was developed and implemented to
resolve the issues mentioned in the foregoing section.
This system was constructed by embodying the expert
knowledge of transmission parts/systems design engineers.
Before a project proceeding engineer asks a design engineer
to examine the viability of a part, the required specification
data are input into the NAVI system, which judges whether
detailed studies are needed or not. Only if there are items
requiring a detailed study does the system request the
respective design engineer to conduct such a study (Fig. 2).

Among the studies conducted for designing parts
and systems, there are routine items which can be judged
purely on the basis of the required values received from a
carmaker. The ability to make automatic judgments about
these studies has also been incorporated in the NAVI system
used by project proceeding engineers.

In addition, study data are centrally managed together
with the NAVI system, which was another development
aim that was intended to resolve the above-mentioned issue

about insufficient accumulation of know-how.

Development of a NAVI Support System for Vehicle Application Studies

Automatic OK or CA judgment based on criteria for each

part/system

Parts/systems

Torque converter

Pulleys Belt

CVT part No.

Judgmen
I

Criteria |Judgment| Criteria |Judgment| Criteria“{Judgment| Crite

oK

oK

XXX max. oK

Engine
specs

oK XXX max. oK X% x oK

oK

XX~ XX oK xx % oK

cA

Required
spec items

oK XX~XX oK XX~XX oK

Body
specs

ok XX~XX ok X xx ok XX~

cA

ok X xx ok

Fig. 3 Input/output screens of NAVI system
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(Fig. 4).

Results of automatic judgment by NAVI system

4. Features of NAVI system

4.1 Input/output screens designed for easy visibility

Figure 3 shows examples of actual input/output screens
of the NAVI system. The specification items required
by the carmaker are shown along the left side, and the
horizontal rows show the judgement criteria for each part
corresponding to those items and the judgment results are
given in the columns.

For each part, the specifications not affecting the
technical studies are highlighted in gray. One single screen
like this makes it possible to recognize which parts are
influenced by each item of the respective specifications.

Based on the required specifications received from
the carmaker, the project proceeding engineer inputs the
specifications of the current vehicle model that represent
the baseline and the specifications of the new vehicle model
for which studies are to be newly conducted. The system
then automatically outputs the differences between the two
vehicle models and the judgment results for each part in

relation to the individual specifications.

Items judged CA are studied in detail by the design group for each part.

A
— f
Part Person in | Email ‘address . NAVI Detailed study results for CA items . Final
charge link judgment judgment
Manager 00 JTX X X X
Torque . . - .
converter Chief AA JTX X X X CA INo problem because the simulation results satisfied the criteria values OK
Design Eng. XX JTX X X % (See appended documents for detailed study results.)
Manager 00 JTX X X x
Pulleys Chief AA JTX X x x OK OK
Design Eng. XX JTX X x x
Manager 00 JTX X X X No problem because the detailed study results, taking into account
Belt Chief AA JTX X X X CA the amount of heat release, satisfied the criteria values. OK
Design Eng. XX | JTX X x x (See appended documents for detailed study results.)
Manager 00 JTX X X X
Clutches Chief AA JTX X X x OK OK
Design Eng. XX | JTX X X x
Manager 00 JTX X X x No problem because the detailed study results, taking into account the load
Gears Chief AN ITX XX % CA frequency, showed that the degree of damage was below the criteria values. 0OK
Design Eng. XX JTX X X X (See appended documents for detailed study results.)
Manager 00 JTX X X x

Fig. 4 Screen showing summary of NAVI system results
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NAVI Update Histo:

CNo. date Revised by | Approved by Update details
ON | YYMMDD OO | Gen. Mgr. 00 |Newly created
Pulley parts: Column O; Line O
01 | YymmpD 0o Mer. 00 | jied study item for engine spec A
Gear parts: Column O; Line O
D2 | YYMMDD 00 Mer. 00 |0 fimized stress study caloulation equation
O3 | yvumod 00 Mer. 00 |Toraue converter: Column O; Line O
Revised criteria values
Oil pump parts: Column O; Line O
04| vymmod | OO Mer: 00 |z dded study item for vehicle spec B
05 | YYMMDD 00 Mgr.00 | eeees
06 | YYMMDD 00 Mgr.00 [ -eee-

Fig. 5 Reflecting new knowledge in the system
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Based on the calculations performed by the NAVI
system, items judged to be all right are indicated in the
judgement column as “OK.” Items requiring a detailed
study by the respective parts/systems design engineers are

indicated in yellow as “CA” (short for Caution).

4.2 Addition of a function for automatically summarizing
results

The judgment results mentioned above were output
separately for each part and system. While the results
were highly visible, the volume of displayed data was
enormous. That format was unsuitable for identifying all
the application issues related to the next-generation vehicle
model and comprehensively judging whether parts/systems
could be carried over or not. There was also the issue that
much time was needed to find out who should be contacted
and requested to undertake a detailed study. To resolve these
issues, a function was added for automatically summarizing
the results concisely and outputting all the data in an easy-
to-grasp format. Moreover, a function was also added that
automatically links the email addresses of the people to be
contacted and asked to conduct a detailed study.

As shown in Fig. 4, each part/system is listed along the
left side and the horizontal rows email address link to the
email addresses of the persons responsible for the parts/
systems who will be requested to conduct detailed studies.
Also shown are the summarized judgments rendered by the
NAVI system, the detailed study results for CA items and
the final judgment for each item.

The project proceeding engineer only needs to issue
a work request for a detailed viability study to the parts/
systems design engineers of the items indicated as CA in
this screen. Accordingly, this system makes it possible to
carry out development work smoothly and swiftly.

After receiving the results of the detailed studies from
the design engineers responsible for the parts/systems
involved, the results are transferred to the columns under
“detailed study results” and “final judgment.” Consequently,
the data can be used as they are in the report sent to the
carmaker, which also increases work efficiency.

Providing email address links makes it possible to
select the addresses of all the intended receivers by a simple
operation when sending email. This measure also works to
prevent the missending of emails.

In addition, a template was created for sending a study
request by email. This template used in combination with

the automatic summarizing function enables study requests

Development of a NAVI Support System for Vehicle Application Studies

After implementing NAVI system

-~ | JATCO Group I_\

Centralized data
management
Overseas
In-house intranet operation
-NAVI system
-Required specs “~
Overseas

Opemmm / %

- /

Before implementing NAVI system

f JATCO Group }—\

Overseas
operation

Overseas /
operation

Overseas
operation

N

Fig. 6 NAVI management system

5. BAICKDHER

5.1 #®5t7O0—nEkg1L

ANAVIZ AT LD X, HEKFig. 10X %HET O
7t AdFig. 2050, 7O AD AL & JE B TE 7.

PER, FERDTEL ATV PG F I LS THRAEL
TWTRILANAVIV AT L2 G52 812X B
i SR SN/ N1 | D oY A

ESITHRET D /NI ENAVIY AT AN—TeER S
BHIEICLY, ZF 2 MIROE LR FEHL 7.

F72, A U bT RO MEHIWT, NAVIVAT LB LU,
BT O REDT —s% —tEH T L8
D, HREWNZT THRGENO 7T — VLT & D15
WHE IO DE S -7 (Fig. 6).

5.2 ARMEM L
HIEOME 7O 2D i bz Ly,
- 7Yz M Y TOME B E T
C SR - VAT AREEHE L ORGET T
R ROER T
DY BEE 2D, b—F V& LT HL 3 R EH A
V5 THAE R SEHIIR S 5 2L IH Bk ¢&72 (Fig. 7).

Comparison of study man-hours

Reduced by about 50%

-

After implementing
NAVI system

Before implementing
NAVI system

Fig. 7 Improvement of development work efficiency

11341

to be made more efficiently.

4.3 Function for know-how accumulation and centralized
management

A rule was established that design engineers responsible
for each part/system are to update the NAVI system at all
times. This allows knowledge and know-how newly acquired
during a development project to be reliably reflected in the
development work for the next vehicle model. A “NAVI
Update History” is provided in the system for use in
updating information so that everyone knows the date and
details of changes made (Fig. 5). For example, when a parts/
systems design engineer creates a new calculation formula,
it is added to the automatic calculations performed by the
NAVI system as mentioned earlier and can thus be used in
future studies.

In addition, study results that were previously managed
by individuals are now centrally managed, which greatly
reduces the time needed to assemble the results and

judgments of previous vehicle application studies.

5. Benefits of System Implementation

5.1 Simplification of study work flow

The implementation of this NAVI system has simplified
the technical study process, changing it from that in Fig. 1
to the process shown in Fig. 2. The use of this NAVI system
also prevents reworking that occurred previously owing to
the inexperience and low skill level of engineers in charge.
Moreover, expert knowledge can now be shared because
the know-how resulting from technical studies is centrally
managed in the NAVI system. Centralized management
of the NAVI system and the study results for each vehicle
model makes it easy to share information and know-how not
only in Japan, but also with JATCO's overseas operations
via the company's intranet (Fig. 6).
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5.2 Improvement of development work efficiency
Simplification of the technical study process as
mentioned above has made it possible to reduce, for example:
e the number of man-hours needed by project proceeding
engineers to confirm whether technical studies are
necessary or not,
e the number of man-hours needed by parts/systems
design engineers for conducting technical studies, and
e the number of man-hours for summarizing study
results.
Consequently, it has contributed to reducing the total
number of man-hours needed for vehicle application studies

by approximately 50% (Fig. 7).

6. Innovative Measures for Development and Operation of
the NAVI System

In developing this NAVI system, innovative measures
were taken with respect to:

¢ reducing development lead time and costs,

¢ ensuring flexibility and easy extension, and

¢ providing ease of operation.

6.1 Reducing development lead time and costs

The NAVI system was developed completely in-house
without outsourcing the work outside the company. The
system is configured solely around Excel, which made it
possible to complete the development work in a short period

of time at low cost.

6.2 Ensuring flexibility and easy extension

As mentioned above, the system runs only on Excel and
does not use any specialized software. Collaboration with
outside software companies was intentionally avoided. In
addition, functions requiring high skills such as the use of a
macro have been avoided. The system is configured to allow
the basic formulas in Excel to be used as much as possible.

This makes it easy to share knowledge within sections
and departments, to confirm prior findings and histories,
and to execute updates. The system has a high degree of

flexibility.

6.3 Providing ease of operation

Design engineers responsible for each part conduct
regular reviews, enabling know-how to be constantly kept
up to date. Updating sessions are also held regularly, and

this practice also works to prevent update omissions.

Development of a NAVI Support System for Vehicle Application Studies
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7. Conclusion

The implementation of the NAVI system for supporting
vehicle application studies has simplified the study process,
thereby increasing development work efficiency. Not
only that, it has improved study accuracy and facilitated
centralized data management with the company's global
operations, which has contributed significantly to simplifying
development work.

Finally, the authors would like to deeply thank everyone
in related sections and departments for their excellent

cooperation with the development of this system.

Yohei HARA
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Summary JATCO and suppliers have previously
cooperated in carrying out a technical Value Analysis
(VA) activity and a THANKS activity for the purpose of
strengthening competitiveness. Those activities produced a
certain level of benefits. With the aim of promoting continuous
and effective activities, the VA and THANKS Collaboration
Activity with stronger emphasis on VA perspectives was
initiated from the beginning of the current fiscal year. This

article explains the aims and desired form of this activity.
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*THANKS : Trusty and Harmonious Alliance Network

Kaizen activity with Suppliers
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1. Strengthening Competitiveness of JATCO and Suppliers

The goal set in JATCO's medium-term business plan
is to become the global No. 1 automatic transmission
manufacturer. In order to expand sales of JATCO
transmissions in the years ahead, it will be necessary to
strengthen their competitiveness even more.

Because over 70% of the parts used in JATCO
transmissions are items purchased from suppliers, it is also
necessary for our suppliers to increase their competitiveness.

In order to strengthen competitiveness, it is essential to
maintain the three elements of product appeal, quality and
cost at optimal levels. To accomplish that, it is indispensable
for the suppliers of purchased parts to have their own
competitiveness.

Heretofore, JATCO has carried out a Value Analysis
(VA) activity in cooperation with suppliers to optimize
performance and functionality as well as a THANKS*
activity for improving monozukuri with the aim of
enhancing productivity and quality. Suppliers have actively
participated in these respective activities, and significant
results have continuously been obtained centering on cost
reductions.

*THANKS: Trusty and Harmonious Alliance Network
Kaizen activity with Suppliers

* HETOT oM e —
Purchasing Project Center

Aims and Desired Form of VA and THANKS Collaboration Activity
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THANKS Activity

Purpose:

Improvement activities based on
"3 GEN"principles (Genba, Genbutsu,

To strengthen GENBA competitiveness of suppliers

2. Problems occurring in Each Activity

JATCO and suppliers have continued to improve their
respective competitiveness every year through cooperative
efforts as mentioned above. However, when compared
with our competitors, it would be hard to say that we have
complete superiority over them.

Meanwhile, as kaizen activities have taken root, the
number of proposals for improvements has decreased in
both the VA activity and THANKS activity. A situation has
developed where it is much more difficult to obtain benefits
through these activities like those obtained previously.

In addition, in the course of carrying out these activities,
more time is now required to share issues and problems,
and there are many aspects that obstruct speedy action.
For example, if we attempt to review the performance or
functionality of certain parts, there are instances when
production processes or operations must be changed either
at the suppliers or at JATCO. Conversely, in order to improve
the processes of suppliers, there are more cases where it
is necessary to revise the part drawings or specifications
involved.

The Design Division and the Production Division have
so far worked together in carrying out these activities. In
order to strengthen continuous efforts and promote faster
improvements, it was decided to unify the two activities
beginning from this fiscal year into the VA and THANKS
Collaboration Activity, which was launched as a new

program with our suppliers.

3. Purpose and Significance of this Collaboration Activity
Besides resolving current problems, this collaboration

activity by the Design Division and the Production Division

is being advanced as an effort in which a new common

awareness will be shared.

R&D VA Activity

Genijitsu)

Cost reduction

Purpose:
Improvement of products' value based on
customer's request

Improvement based on the value of the
product

Fig. 1 Significance of VA + THANKS collaboration activity
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This activity can be newly defined as follows. “Value
Analysis (VA) will be conducted from the respective
aspects of both part designs and production activities, and
in cooperation with suppliers a review will be made to
determine if parts can be supplied at the lowest possible
cost while maintaining the functionality and quality needed
by customers” (Fig. 1).

It can also be described differently as the original VA
activity in which efforts are exerted to achieve the optimum
required functionality at the optimum cost through analysis
and continuous improvements so as to enhance value (Fig. 2).

In other words, in terms of product functionality, the
following aspects are analyzed from the perspective of:
“For what purpose is this part used?”

— Is it possible to eliminate this part itself?

— Is there any other method or part that can perform

the same function?

— Is the current performance or quality really

necessary?
Meanwhile, in terms of production improvements, the
following aspects are analyzed from the perspective of:
“What sort of value does this process or operation add?”
— Is there any process, operation or movement of
things for which the purpose is not clear and can it
be eliminated?

— Are there any excessive facilities or operations?

— Does the added value exceed the cost incurred?

As indicated here, the significance of this collaboration
activity is not merely to improve things. Rather, it can be
described in different terms as an activity for eliminating
unnecessary performance, processes and operations.

Why is it that unnecessary design requirements or

processes occur at suppliers? In exchanges of opinions with

Wasteful cost

Tolerance
JATCO’s [
required value l
Process
Company capacity target/
JATCO's standard —
Supplier’s control value I

request
standard

Fig. 3 The reason that the wasteful cost occurs from the
performance which is a surplus
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suppliers, the following points became clear on both sides.

@ Existing drawings, specifications or descriptions

have been carried over without being reviewed.

@ Production methods have been conceived based on

the existing ways of manufacturing parts.

@ Suppliers did not fully understand the function of their

parts at the time transmissions were fully assembled.

@ A safety factor has been adopted from a fear that

parts might break.
It was found that many suppliers were aiming for over-
specification either consciously or unconsciously (Fig. 3).

The reason for that was surmised to be that JATCO
and suppliers were not sharing the value demanded by
customers from the latter's perspective of paying a certain
price for a product.

The collaboration activity can be expressed differently
as an effort in which JATCO and suppliers jointly review
from the beginning whether we are providing value to
customers through our transmissions in terms of suitable

functionality, quality and price.
4. Specific Activity Examples

This section presents actual examples of efforts being
considered as of September 2016, although results have yet to
be obtained because this unified activity was only launched
from the beginning of the current fiscal year in April.

Figure 4 is an outline of the transmission case production
process at a certain supplier. The opinions noted below were
brought up at JATCO from the following perspectives.

Design perspective: Are the machining and grinding
processes that are being carried out to satisfy the existing
specifications really necessary?

Should the

assistance JATCO is currently providing be discontinued?

Production  perspective: machining
Is there any way of holding down the cost? Is the washing

operation really necessary?

As a result, the following study results were produced,
the details were shared with the supplier, and improvement
activities are now under way.

(1) The surface condition of the castings satisfies the
part functionality, so the machining operation can
be discontinued by reviewing the specifications
(design).

(2) The outsourced machining can be discontinued
(production).
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5. S&DERM (3) The grinding process cannot be discontinued, but Memo
improvements can be made by changing the conditions
BIAE IR e S o T A IR B L L CERG L or machining sequence (design & production).

(4) The operation of cleaning cutting fluids can be

TWBA, B2 Yb LT MR TR A
P, BRI SE DR - Hl - R O Fs & L

discontinued (production).

(5) As an ancillary benefit, it is estimated that the

WL, LB EAORILTAY O%E/DDERIFT S supplier's stock in intermediate processes can be
ENEINSG. markedly reduced, which can be expected to be
XoT, 4113, VE(Value Engineering) ifi B ~D effective in improving its financial position. T
FABIFICAN, BAMEGRSPECISAE T AERAARE -
P& TR A W3 S 57200 T oL AEHEL, e ll6 i O .l
B SFE A T _EH T — 7 2L T, o

Improvement activities are currently under way for
mass-produced parts, but as the ideal state it is desirable to T
6. ZE 3 aim for monozukuri operations without any wastefulness
from the start of production. That will be pursued through

JHE S, 4774V ED##EIZLSTHaNKS (i E) D discussions with design, engineering and production
HUY LA Jatco Technical Review No.14.pp.79-83.(2015) department personnel at the suppliers from the stage of
formulating the part concept and process design CONCEPL. 57T o ooooooooCoooIooooooooooooooooooooooooooooooooooooooo
Accordingly, a transition to a Value Engineering ..

(VE) activity is being considered in which a process will
be developed for satisfying the part specifications and
drawings together with the process design, with respect
to the required design specifications. Toward that end, the oo oollll o ooooooll ool
information and data to be shared with suppliers Will be

gathered and organized.

6.Reference
(1) NaofumiKawada, “THaNKS Activity Through Cooperation

with Suppliers,” JATCO Technical Review, No. 14, pp.
79-83 (2015).
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Summary JATCO has been undertaking total delivered
cost (TdC) activities since fiscal 2013 for the purpose of
managing transmission production costs. These activities
are not simply for reducing costs, but rather they are for
enhancing monozukuri so as to strengthen the marketability
and competiveness of our transmissions, thus making our
customers happy as well. This article describes JATCO's
TdC activities that lead to monozukuri innovation.

1. TdCEEN &1
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e, T/IMO BGEA A% &, fludt & ol 8y G o TRk
E SN DM AEA S (Fig. 20D) 5 &AL O UL 12
HoE, TIMOEEIAND IR (Fig. 20@) 239t 5.

Scope of TdC
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Fig. 1 Scope of TdC

1. Overview of TdC Activities

TdC is an acronym that stands for total delivered cost.
This value indicates the total of all the necessary costs
involved in producing and delivering one transmission as
a JATCO product to a customer. Figure 1 shows the scope
of the costs included in TdC. It ranges from the engineering
and personnel costs needed for product research and
development (R&D), to the procurement and transportation
costs for raw materials, machining and assembly costs
for parts manufactured in-house at JATCO, and the costs
incurred in shipping and transporting fully assembled
transmissions.

Since TdC is the total transmission production cost, if
continuous efforts can be made to hold down and reduce TdC
through improvements and other measures, JATCO will be
able to deliver excellent quality products to customers at

low prices.

Co. A's price
JATCO’s Price - ®
Co. B’s price

JATCO’s profit plan

2
x w ©) g
23 TdC 0 Cost of improving ';
o £ | reduction by marketability [
3 > =z
Cost at Cost at end Cost at
SOoP of SOP
production

Fig. 2 Aim of TdC activities
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Fig. 3 Cost structure
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The TdC activities explained here are not simply efforts
to reduce costs. Based on the transmission sales price (1 in
Fig. 2) set in consideration of market competition with other
companies, the upper limit of the transmission production cost
(@ in Fig. 2) is determined on the basis of JATCO's profit plan.

In order to make a new transmission more
appealing attractive than existing attractive units, some
new added value must be included. Naturally, adding that
new value entails the cost of improving marketability (3) in
Fig. 2). Therefore, it is necessary to reduce the transmission
cost in advance so that the production cost 2 is satisfied
even though the cost of (3is added in. This means that
efforts to improve the marketability and competitiveness of
transmissions are also TdC reduction activities (Din Fig.2).

Figure 3 shows the specifics of the transmission cost
structure. TdC is the total of the costs indicated by the red bar.

2. Organization for Promoting TdC Activities

The plants where transmissions are produced are the
principal agents of TdC activities. JATCO has both domestic
and overseas plants that produce CVTs and also ATs for
both front- and rear-wheel-drive vehicles. The general
manager of each production plant, as the person with the
ultimate responsibility for transmissions, is designated as
the Regional TDC Leader (RTL) and has full responsibility
for TdC attainment.

Until fiscal 2015, the plants, the Purchasing Division
and the R&D Division promoted their own TdC activities in
their efforts to reduce the costs of the parts and operations
for which they are responsible. In fiscal 2016, teams from
the Production Engineering, Production Support, and R&D
Division also joined the activities, forming an organization
that can take advantage of specialized know-how and
abilities to promote cross-functional improvements.

This organizational change was not merely an increase
in the number of employees involved. In order to promote
activities more efficiently, the following leaders, called
(DETL, @ FTL and 3DTL, have been designated to assist
the RTLs by making use of their specialized expertise to
carry out certain tasks and responsibilities.

(D Engineering TdC Leader (ETL)

The ETL provides support concerning production
engineering, including technical guidance, securing of
technical resources, and follow-up for solving technically

difficult issues.
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(2) Functional TdC Leader (FTL)

The FTL assists with the planning and horizontal
deployment of cost reduction activities at plants and
supports the implementation of such activities for the
purpose of reducing TdC for the 12 cost items shown in Fig.
5 that occur at JATCO's plants.

(3 Design TdC Leader (DTL)

The DTL provides support for design and development
work. This includes identifying cost reduction measures
in conjunction with product design changes, determining
whether their adoption is feasible, promoting their adoption,
and horizontal deployment at other plants and facilities and
to other transmission models.

To confirm the progress of TdC activities,a TdC Progress
Meeting is held, chaired by JATCO's Chief Operating
Officer (COO). All the RTLs report their monthly results,
issues at their plants, and future plans and prospects for the
purpose of sharing information with each other.

The meeting is attended by the COO and other related
JATCO officers. Prompt efforts can be initiated to resolve
company-wide issues based on immediate judgments and
decisions made by the officers concerned. This helps to
speed up the deployment of same technical standards and
same quality level to global JATCO plants.

3. Introduction of Various TdC Activities

3.1 THANKS Activity

For the purpose of improving the productivity of suppliers
that supply JATCO with various transmission parts, JATCO
and supplier employees work together to analyze the supplier's
production lines with respect to quality, cost and delivery time
(QCT). Productivity improvements leading to cost reductions
are planned and implemented and the results are harvested. This
effort is called the THANKS Activity (THANKS: Trusty and
Harmonious Alliance Network Kaizen activity with Suppliers).

This activity is continuously contributing to the
improvement of competitive parts and is thus building a

mutual win-win relationship with our suppliers.

3.2 YARIKIRI Activity

At JATCO, we emphasize the horizontal deployment of
excellent in-house monozukuri improvement activities as
examples of best practices. Because the same CVT models
are produced at our global production plants, the environment
is well-suited to the horizontal deployment of best practices.

If each production plant just carries out improvement

Monozukuri Innovation through the Promotion of TdC Activities

3. TACFEEEN DN

3.1 THANKS;E&h

TYRIITMD S E S 2 AT V7272w Tn
LB EOA NN EEX L7208, YYhI T,
BWGIESEORYy7EM NI, BIGIEESEOAET
AYDQCTIZE L TH M &7\, IAMHIIIZOZRD5%
HFEPEYGE R DR, FAT, BRI ZIT>T V5.
COIE B Z THANKSIG B & ]38

O, BRI DD LIRS BB EL, B
5 18 FE DI, A NIWin-WinD IR 2R L T 5.

3.2 YARIKIREE)

X MaNOE DY FFH LT, TN
HHB(NAN - F527574 A LUFBP) DK REBICH
ZHEVWTWA, CVTIE, [F—2=vbera— VLT
HBELTBY, BPOKPREFIGELEREEZAHLTWA.

FAERERL RS, IS E IR B 21T o TV AT T
W, MR - FEAT T TR ERAE V. FHRIICBPA R
LTWITIE, 74 7 7RI O W o EHEIC R, ok
WD) 22 % KELIRIETESD. ZOBPOIK B IG B %,
R XU IS HE S8 515 B % YARIKIRIYE ) & I
O, &CTORT, BPORRERKBIZEZTHIL
RHNELIEETH S,

BARIIZIZFig. 6 TR X9 7K Bl A AR 1k
5. T, MUK R T RERGE RO, B
BN AR A B B WRIL, ZEBPEMIHL, H
SO LY (HEETA V)R RS 208 2% H 5
5. ZOHWIILDLTONFIIKRGEN, ZNENFE
DT ENS.

activities individually, efficiency will be poor with respect
to both studies and implementation. If best practices are
actively adopted, it can shorten the time needed to devise
improvement measures and also greatly reduce the risk
of failure. We call efforts to efficiently and thoroughly
promotive the horizontal deployment of best practices
our YARIKIRI Activity (YARIKIRI= to do something
completely). This activity is aimed at enabling all plants to
receive the maximum benefits of best practices.

Specifically, a list of measures for horizontal deployment
is prepared like that shown in Fig. 6. Measures that should
be deployed horizontally are listed on the left side and all
of the production plants are listed along the top. Each plant
judges whether or not the measures can be implemented on
its production lines. Judgments are divided into the following
categories, each of which is indicated in a specified color.
(D Adoption has been completed.

(2) Adoption is possible but has not been done yet.

(3 There is no part corresponding to this best practice, so
adoption is not possible.

(O There are parts to be investigation, but adoption is not
possible.

() It has not been decided yet.

The YARIKIRI Activity first deal with category (&)
immediately and measures are classified in one of the
categories from (D to (4). On that basis, an action plan is
formulated for implementing measures in category (2) and
a transition to (D is definitely made. A list of measures for
horizontal deployment is generated automatically, making
it easy to work out a systematic schedule. Flexible plan
management also becomes possible from a company-
wide perspective, including front-loading of the plan,

postponement, substitution and other changes.
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Creating a list of measures for horizontal deployment
makes it easy to notice differences in adoption rates among
the production plants as well as differences in the adoption
rates among individual measures.

In this way, the creation of a list of measures for
horizontal deployment based on the YARIKIRI Activity
provides a tool for immediate and certain execution of
horizontal deployment and for maximally expanding the

benefits of best practices.

4. Conclusion

This article has described JATCO's TdC activities that
were further strengthened in 2016. Continuing to reduce
TdC enhances the marketability and competiveness of our
transmissions and thus enables us to continuously provide
valuable benefits to our customers who purchase JATCO
products. Because TdC consists of cost items that occur on
a company-wide basis, we intend to continue to appeal to
all divisions and employees to actively participate in TdC
activities.

Finally, the authors would like to take this opportunity
to thank everyone concerned for their efforts and mutual
cooperation in promoting TdC activities day after day.

Kohjiro SUZUKI

Monozukuri Innovation through the Promotion of TdC Activities
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Introducing the Jatco CVT (JFO15E) for Yulon Motor's Luxgen S3 Sedan
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Fig. 1 Main cross-sectional view

The Jatco CVT7 (JFOI5E) is fitted on the new
generation of the Luxgen 3S sedan that Yulon Motor Co.,
Ltd. released in Taiwan in June 2016. The combination of
the Jatco CVT7 with its latest control technologies and
a 1.6L engine enables the Luxgen S3 to provide smooth
driveability while achieving both excellent acceleration
performance and fuel economy. Such performance is

highly popular among customers.

Table 1 Specifications of JFO15E

Torque capacity 145 Nm
Torque converter size 205 mm
Pulley ratios 2.200 - 0.550
Auxiliary transmission gear Ist 1.821
ratios 2nd 1.000

Rev 1.714
Ratio coverage 73
Final gear ratio 3.882
Number of selector positions 4 (P,R, N, D) + M shift
Overall length 344 4 mm
Weight (wet) 70 kg

B Typical model fitted with the JFOISECVT [l

Luxgen S3

7 f AR

HEB&EM(FKicksAJatco CVT7 (JFO15E) o#B M

Introducing the Jatco CVT7 (JFO15E) for the Nissan Kicks
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Fig. 1 Main cross-sectional view

The Jatco CVT7 (JFO15E) is mounted on the Kicks
that Nissan Motor Co., Ltd. launched in Mexico in
September 2016 with specifications designed for the
Mexican market. A counter gear ratio of 1.033 was adopted
for the Jatco CVT7 (JFO15E) for the first time in order to
be suitable for Nissan's new small vehicle platform. This
works to improve power performance in the low vehicle
speed range, thereby satisfying this need in the Mexican
market where there are said to be many uphill grades.

Table 1 Specifications of JFO15E

Torque capacity 146 Nm
Pulley ratios 2.200 - 0.550
Auxiliary transmission gear Ist 1.821
ratios 2nd 1.000

Rev 1.714
Ratio coverage 7.3
Final gear ratio 3.882
Number of selector positions 6 (P,R,N,D,S,L)
Overall length 336.2 mm
Weight (wet) 68.5 kg

B Typical model fitted with the JFOISECVT [l

Nissan KICKS
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Introducing the Jatco CVT7 (JFO15E) for Dongfeng Yulon's Luxgen S3 Sedan

201649 N E CTHUR M L A D5 e S 7z Bl
[LUXGEN S3 1244k ®Jatco CVT7 (JFO15E) 2544 ik
SInFEL7.

LUXGEN S3i3#z#r il 5ty 2 $R F L 72Jatco CVT7
OFRMELLT Y Iy EOMARITLD, I M e L R
B2 M L L0 S, AL—A B EHL, B
HIEDOUFFEFTVET.

Fig. 1 Main cross-sectional view

The Jatco CVT7 is mounted on the new-generation
Luxgen S3 sedan that Dongfeng Yulon Motor Co., Ltd.
released in China in September 2016. Incorporating the
latest control technologies, the Jatco CVT7 is combined
with a 1.6L engine. This combination enables the Luxgen
S3 to deliver smooth driveability while providing both
excellent acceleration performance and fuel economy. This

performance is highly praised by customers.

Table 1 Specifications of JFO15E

Torque capacity 145 Nm
Torque converter size 205 mm
Pulley ratios 2.200 - 0.550
Auxiliary transmission gear Ist 1.821
ratios 2nd 1.000

Rev 1.714
Ratio coverage 73
Final gear ratio 3.882
Number of selector positions 4 (P,R, N, D) + M shift
Overall length 344 4 mm
Weight (wet) 70 kg

B Typical model fitted with the JFOISECVT [l

Luxgen S3

7 f AR

HE B E1E R (FKicksAJatco CVT7 W/R(JFO20E) 4B

Introducing the Jatco CVT7 W/R (JFO20E) for the Nissan Kicks
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Fig. 1 Main cross-sectional view

The Jatco CVT7 W/R (JFO20E) is mounted on the
Kicks that Nissan Motor Co., Ltd. released in Brazil in
August 2016. Featuring specifications for the Brazilian
market, the Kicks was the official vehicle that Nissan
provided for the 2016 Rio de Janeiro Olympic Games.
The wide ratio coverage that distinguishes the CVT7 W/R
enables this SUV to deliver powerful driving performance
over a broad range of vehicle speeds from low to high
speed. In addition, the Kicks is fitted with a bioethanol-
compatible powertrain, for which there is strong demand
in the Brazilian market. This environmentally friendly

feature is another way the Kicks responds to customer

needs.
Table 1 Specifications of JFO20E

Torque capacity 148 Nm
Pulley ratios 2.200 - 0.458
Auxiliary transmission gear Ist 1.821
ratios 2nd 1.000

Rev 1.714
Ratio coverage 8.7
Final gear ratio 4.055
Number of selector positions 6 (P,R,N,D,S,L)
Overall length 376.7 mm
Weight (wet) 71.7 kg

B Typical model fitted with the JFO20E CVT [l

Nissan KICKS
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Introducing the Jatco JR711E 7-speed Automatic Transmission for the Nissan Titan
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Fig. 1 Main cross-sectional view

The Jatco JR711E 7-speed automatic transmission is
mounted on the gasoline engine model of the new-generation
Titan that Nissan Motor Co., Ltd. launched in North America
in April 2016. The Titan is Nissan's largest pickup truck, and
this version is powered by a V8 gasoline engine.

For the purpose of attaining class-leading fuel economy, the
JR711E has a new cooling system with a bypass valve positioned
right after the ATF warmer to enhance the immediate warm-up
effect following engine start. In addition, the JR711E also adopts
a low-stiffness lockup damper and a torque converter featuring a
new level of hydraulic performance.

A distinctive characteristic of large pickup trucks is
that they are driven under various load conditions, ranging
from empty to towing loads in excess of 10,000 pounds. The
JR711E makes effective use of Adaptive Shift Control (ASC)
to provide smooth driveability under all load conditions,
performance that is highly regarded by customers.

Table 1 Specifications of JR711E

7 f AR
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Introducing the Jatco CVT8 (JFO16E) for the Nissan Serena

Torque capacity 560 Nm
Torque converter size 260 mm
Gear ratios Ist 4.887
2nd 3.170
3th 2.027
4th 1412
5th 1.000
6th 0.864
7th 0.775
Rev 4.041
Ratio coverage 6.31
Final gear ratio (reference) 2.937
Number of selector 4 (P,R,N,D)
positions + Manual shift mode (Column shift)
Overall length 766 mm
Weight (wet) 101 kg

B Typical model fitted with the JR711E AT [l

Nissan TITAN
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Fig. 1 Main cross-sectional view

The Jatco CVTS8 (JFO16E) is mounted on the new-
generation Serena that Nissan Motor Co., Ltd. released in
Japan in August 2016. Mated to a new 4-cylinder gasoline
engine, the JFOI6E makes effective use of its distinctive
low friction and wide ratio coverage to contribute
significantly to an enhanced feeling of driveability and
the attainment of the best fuel economy in this vehicle
category.

Thanks in particular to the adoption of a newly
developed torque converter and JATCO's new start-off
slip control, the JFO16E provides a smooth, quiet vehicle
launch. In addition, the adoption of Dynamic Step Shift
(D-STEP) control enhances driveability and new automatic
stop/start control is applied to shorten the interval until the

engine is turned off.

Table 1 Specifications of JFO16E

Torque capacity 250 Nm
Torque converter size 236 mm
Pulley ratios 2.631-0.378
Ratio coverage 70
Final gear ratio 5.097
Number of selector position 5(P,R,N,D,L)
Overall length 358.8 mm
Weight (wet) 92.7 kg

B Typical model fitted with the JFOI6ECVT W

Nissan SERENA
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Introducing the JR710E 7-speed Automatic Transmission for Nissan's Infiniti Q50/Q60
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Fig. 1 Main cross-sectional view

The Jatco JR710E 7-speed automatic transmission
for rear-wheel-drive vehicles is mounted on the 2016
MY Infiniti Q50 that Nissan Motor Co., Ltd. released in
North America in March 2016 and on the new-generation
Infiniti Q60 that was launched in June last year. The
JR710E is JATCO's first AT for rear-wheel drive vehicles
to incorporate an automatic stop/start function and this
is also the first time for Nissan to provide this capability
on its vehicles in North America. The Infiniti Q50 model
is equipped with a 2.0L downsized turbocharged engine
made by Daimler AG, which contributes substantially
to the attainment of class-leading fuel economy of 26
mpg. The JR710E is the first RWD AT suited to the
Daimler engine, including excellent drivability and AT

performance, this aspect is highly regarded by customers.

Table 1 Specifications of JR710E

7 f AR

v/ —=EB#ER(FQM6AJatco CVT8(JFO17E) DB/

Introducing the Jatco CVT8 (JFO17E) for Renault Samsung's QM6

Torque capacity 350 Nm
Torque converter size 250 mm
Gear ratios st 4783
2nd 3.102

3rd 1.984

4th 1.371

5th 1.000

6th 0.871

7th 0.776

Rev 3.859

Ratio coverage 6.16
Final gear ratio (reference) 2.937
Number of selector positions 4 (P,R,N,D)
+ Manual shift mode

Overall length 754 mm
Weight (wet) 94 kg

B Typical models fitted with the JFOI7ECVT W

Infiniti Q50
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Infiniti Q60

20164F9FICEI TR SNV —ZEHBH O
PIIH QM6 | IZTatco CVTSAHE SN FL 72

QM6IE, [MENIFEATZRE M & [ S AR ik
TATATR BRIV H Vi 23 THEY, @ERSH)
B CSUVIT ST L WA L2 [ZRIL TV,

I3 T 1) £ B Al & BRI L 72JFO17EIZ )V 2 — 4L 02 0L
TA—=EIWV LDV NI Rl A DS TEY, ATy
728 3 (D-STEP) (2 X B di b ] &7 A RV ARy
THEREIC KD 0 BT, il dn kL R VA T L L
TWET.

Fig. 1 Main cross-sectional view

The Jatco CVT8 (JFO17E) is mounted on the new-
generation QM6 that was launched by Renault Samsung
Motors Co., Ltd. in South Korea in September 2016. Highly
acclaimed by the media and customers for its outstanding
driving stability and smooth acceleration performance, the
QM6 has brought a new change to the SUV segment in
South Korea's vehicle market.

Embodying the latest control technologies, the JFO17E
is optimally suited to Renault's 2.0L diesel engine. This
CVT features Dynamic Step Shift (D-STEP) control for
improving drivability and an automatic stop/start system
for enhancing fuel economy. These features enable the
JFOI7E to provide superior driveability combined with

excellent fuel economy.

Table 1 Specifications of JFO17E

Torque capacity 380 Nm
Torque converter size 236 mm
Pulley ratios 2413 -0.383
Ratio coverage 6.3
Final gear ratio 5.577
Number of selector positions 4 (P,R,N,D)

+ Manual shift mode
Overall length 379.8 mm
Weight (wet) 106.4 kg

B Typical model fitted with the JFOI7ZECVT W

Renault Samsung QM6
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1. Selected for New Diversity Management Selection
100 award

JATCO was selected for the FY 2015 New Diversity
Management Selection 100 award given by the Ministry of
Economy, Trade and Industry, becoming the first company
headquartered in Shizuoka Prefecture to receive this honor. The
following points were cited as reasons for the award: creation of
a work environment friendly to women by installing production
lines staffed by many women such as the Diversity Line and
Smile Line; implementation of work-friendly production
lines for anyone not just women and attainment of significant
results in terms of improving quality, reducing inventories and
boosting efficiency, among other things; reduction of total
working hours by creating diverse ways of working through the
adoption of a flextime system and a work-at-home system. The
Diversity Management Selection 100 award was initiated in
2012. This year 34 companies were selected from among 148
applicants. In addition, JATCO Korea Engineering Corporation
was selected for the 2016 Family-friendly Company Award
given by the South Korean government's Ministry of Gender
Equality and Family. This award is presented to companies
and public organizations that are certified on the basis of an
audit for their efforts to foster a family-friendly workplace
culture such as through support for childbirth and child-
rearing, implementation of flexible work systems and other
measures. This year 523 companies' organizations received

such certification under this award system.

2.JATCO Exhibits at the Beijing Motor Show

Following the company's booth at the Shanghai Motor
Show in the previous year, JATCO exhibited products at
the Beijing Motor Show 2016 (Auto China 2016) held from
April 25 to May 4. China is one of the most important
markets for JATCO. The exhibits included JATCO's
mainstay transmissions such as the Jatco CVT7 W/R and the
Jatco CVT8 Hybrid as well as a CVT virtual driving exhibit
that made use of virtual reality technology. The exhibits
showcased the advantages and potentialities of CVTs in

various ways and were highly acclaimed by visitors.

Highlights of the Past Year

3. JSSAEEXEANY bADSINERIE

SH25H~27HIZ XY 71 afiie T, H29H~7H1HIZ KR —
My B ET, ThEnffEshiz[ N&bEDT27/
B NCHEL, CVTOBENRELEDZTRRL .

F72, 8H5H, 6HIZ/ XY 74 afk iR TRk s N7z Fv
ALY =T72016 WLz YHhFEiEL7-7urT
AR FT > T 725921213160 AD T AZ I L
72, IV O AP LBREEMEE T, 2V auisl
eEESE LG HORFAEMIIONT, KREBE =R
IRT OS5 N B THRBIDA N e 4 11320084E D
B LW 2 HLIRL TV 5.

9H6H~10HIZ/N A 1L#8 & 3 ) 23 B (ECOPA) T4
14 EHAR A7+ =I5 KREDVHBE SN 2ok
RFFHEVPF LM A, HUERT7+—3I2F 254
NVONRIL =20 7 —% % - BEL, BT
T, WWo~—2r5407, 4 - 3%E - #E a2
MEREDE ) DDIZBITERENEBIBHITH
0, GARIZEP - HEN S HICV (PRBE BT H) 75 21293
F—24, EV(BEH) 75 RIZ13F — 20BNz VY
faryxbha TV =TVITE, ZOBHEELEL,
HBEICEDHFHEAY YT ~NOBINBIT, KEITEBL7:
(RTEE).

oy —

11581

3. Participation in and support for JSAE-sponsored events

JATCO presented a booth at the 2016 Automotive
Engineering Exposition held at the Pacifico Yokohama
Exhibition Hall from May 25-27 and at the Nagoya International
Exhibition Hall (Portmesse Nagoya) from June 29 to July
1. The exhibits of JATCO emphasized the outstanding fuel
economy and driveability provided by CVTs.

In addition, JATCO also had a booth at Kids Engineering
2016 that was held at the Pacifico Yokohama Exhibition
Hall on August 5-6. JATCO presented a program entitled
“What is a planetary gear set?” in which 160 children
took part. JATCO has been a supporter of this event since
it was first held in 2008. Hands-on classroom activities,
demonstration programs and exhibits enable participants in
this event to learn about science and technology in various
technical fields centered on vehicles, ranging from vehicle
mechanisms to environmental issues.

The 14th Student Formula SAE Competition of Japan
was held at the Ogasayama Sports Park (ECOPA) from
September 6-10, 2016. In this competition, student teams
spend approximately one year developing and building a
small Formula 1 style race car. The competition tests their
overall monozukuri abilities, including vehicle marketing,
planning, design, manufacturing, cost management and
other aspects, not simply vehicle performance. This year 93
teams from Japan and abroad participated in the internal
combustion engine vehicle(ICV) category and 13 teams in
the electric vehicle (EV) category. JATCO Ltd and JATCO
Engineering Ltd provided support for this competition, and
employees also contributed to it by taking part as judges
(Attached photo).

4. Presentation of technical papers and booths

at SAE conferences

JATCO employees presented a total of 15 technical
papers at SAE-related conferences organized in the
U.S., China, South Korea and Japan. These presentations
highlighted JATCO's activities in a wide range of technical
fields, including its latest CVTs and related control
technologies, production engineering technologies and
CAE techniques, among other areas. JATCO also presented
a booth at the SAE Congresses held in Japan, the U.S. and
China to enable visitors to recognize the outstanding fuel

economy and excellent driveability of CVTs.
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5. Participation in CTI Symposiums

Two JATCO employees gave technical presentations at
the 10th CTI USA Symposium held in Novi, Michigan, on
May 9-12, 2016. One presentation concerned the hydraulic
system of JATCO's newest CVT and the other one dealt with
the shortening of the heat treatment time and reduction of
the lot size. In addition, a JATCO Korea Engineering Corp.
employee gave a technical presentation on optimization of
fluid analysis.

A JATCO executive delivered a presentation at the
5th CTI China Symposium held in Shanghai, China, on
September 22-23, 2016, entitled “Continuous efforts to
supply the optimal transmission for China” (Attached
photo). In addition, a JATCO employee gave a technical
presentation on new CVT belt technologies and an employee
of JATCO Guangzhou Automatic Transmission Ltd. gave a
technical presentation on new CVT control technologies.

A JATCO employee gave a technical presentation on
a new measurement system using stereo cameras at the
15th International CTI Symposium Europe held in Berlin,
Germany, on December 6-8, 2016. Othertwo technical
presentations were delivered by a JATCO France SAS
employees on global optimal production and the superiority
of CVTs in application development work.

SPonsors

—

Bs

6. Participation in VDI conference

A CVT conference was held as an accompanying event
of the 16th International VDI Congress “Drivetrains for
Vehicles” held in Friedrichshafen, Germany, on June 21-22,
2016 under the sponsorship of the Verein Deutscher Ingenieure
(The Association of German Engineers). The degree of
attention given to CVTs has risen even in Europe. At that CVT
conference, a JATCO employee gave a technical presentation
on the hydraulic system of JATCO's newest CVT, and the
JATCO Fellow chaired one of the technical sessions.

Highlights of the Past Year
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7. Participation in FISITA World Congress

The FISITA 2016 World Automotive Congress was held
in Busan, Korea, on September 26-29. This Congress is
held once every two years visiting worldwide countries in
turn, with the sponsorship by the 38 societies of automotive
engineers that are FISITA members around the world. This
year's Congress attracted over 50 company exhibitors and
more than 800 technical papers were presented. A JATCO
employee gave a technical presentation on a technology for
reducing fluid churning resistance in CVTs and a JATCO
Koreal employee gave a technical presentation on an
automatic simulation system (Attached photo). JATCO also
presented a booth that principally showcased the company's
latest CVT technologies, including the Jatco CVT7 W/R

and other units.

8. Cumulative CVT production reaches 30 million units
and cumulative Jatco CVT7 production reaches 10

million units

At the end of March 2016, cumulative CVT production
reached 30 million units since JATCO began producing
CVTs in 1997. JATCO became the first CVT manufacturer
in the world to attain a cumulative production volume of 30
million units. In addition, on August 25 cumulative global
production of the Jatco CVT7 reached 10 million units in
seven years and one month since production of this model
was first launched in July 2009. There are only two CVT
models worldwide that have attained individual production
volumes of 10 million units. Besides the Jatco CVT7, the
other one is JATCO's JFO11E CVT for use on midsize front-
wheel-drive vehicles. In March 2014, the JFO11E attained
this milestone in nine years and eleven months since the

start of production.

9. Establishment of a new workshop in Barcelona

An opening ceremony was held on December 2, 2016
for JATCO's newly established workshop in Barcelona.
This new workshop is located next to the proving ground
of IDIADA (Institute for Applied Automotive Research),
which is one of the largest proving grounds in Europe.
The operation of this new workshop is expected to expand
the scope of vehicle testing and improve efficiency of

experiment.
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10. Start of operations on the global No. 11 CVT

production line

A ceremony was held on May 30, 2016 to celebrate the
start of production on the global No. 11 CVT line (for further
details on G#11, see the special feature article on pages 107-
112). As JATCO's 11th CVT production line worldwide, this
G#11 line incorporates JATCO's state-of-the-art monozukuri

technologies and produces the Jatco CVTS.

11. Various awards (company)

On July 14, 2016, JATCO received the Outstanding
After-sales Service Company Award: Best Emergency
Performance Award presented by Nissan Motor Co., Ltd.
JATCO was commended for always providing prompt
response and delivery of service parts whenever requested.

The Karakuri Kaizen Exhibition was held at the
Pacifico Yokohama Exhibition Hall on September 29-
30, 2016. JATCO presented eight exhibits, one of which,
“suction chuck man,” was awarded the Special Prize by the
Japan Institute of Plant Maintenance (Attached photo).

The Global Challenge Circle received the Most
Impressive Award at the 5800th National QC Circle
Congress in May and the Capture Circle and the Sideburns
Circle won the same award at the 5809th Keiji Region QC
Circle Congress in June.

These awards for theKarakuri Kaizen that have no special
power source or control devices and QC circle activities to
improve quality on the shop floor were presented in recognition
of JATCO's passion to quality in production workplaces and

outstanding creativity for making improvements.
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12. Various awards (individual)

A JATCO employee received a Technical Achievement
Award at the 93rd annual general meeting of the Japan Society
of Mechanical Engineers (JSME) on April 21,2016. This award
is given to JSME members who are publicly known for their
outstanding achievements over many years of contributing
to technical progress in various fields of machine industries
such as research and development, production engineering and
design planning, among other things (Attached photo).

In addition, a JATCO employee was certified as a JSAE
Fellow at the 6th Annual Conference of the Kanto Branch
of the Japan Society of Automotive Engineers (JSAE) on
June 2, 2016. This honor is awarded to JSAE members who
have made significant contributions to the attainment of
JSAE's purpose and to science and technology concerning
automobiles. It is given in recognition of many years of
meritorious accomplishments.

Moreover, JATCO emp loyees were also the recipients

of Outstanding Technician awards sponsored by different

prefectures in Japan.

13. Renewal of JATCO Guangzhou's showroom and start-
up of cutting tool resumption sharpening business

An opening ceremony was held on August 18, 2016
to celebrate the reopening of the showroom at JATCO
Guangzhou Automotive Transmission Ltd. (JGZ). The
updated showroom provides an introduction of JGZ, its
products, employee development programs and monozukuri
operations as well as hands-on displays. Cut-away
transmission models and awards won by JGZ to date are
also on display. These features convey the attractiveness of
JGZ and enable visitors to understand the company quickly
(Attached photo).

In addition, JGZ also kicked off direct sales activities
on May 10 for the resumption of its cutting tool sharpening
business with the support of JATCO Tool Ltd.
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1. Hydraulic control system for automatic transmission
(Fig. 1)
Application Number: 2005-46129
Application Date: 22.2,2005

Patent Number: 4358130
Registration Date: 14.8,2009
Title: Hydraulic control system for

automatic transmission
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An automatic transmission hydraulic control apparatus
includes an oil pump driven by an engine, a forward clutch
arranged to be engaged by an engagement pressure from
the oil pump at a start of the vehicle, a hydraulic pressure
sensing section configured to sense a hydraulic pressure in
the automatic transmission, a filling start judging section
configured to judge a start of filling to the forward clutch
in accordance with the sensed hydraulic pressure; and an
engagement pressure control section configured to control
the engagement pressure to go through a filling phase and
an engagement phase. The engagement pressure control
section shifts from the filling phase to the engagement
phase when a predetermined time elapses from the
judgment of the start of the filling to the forward clutch.

Fig. 1

11641
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2. Control system of automatic transmission
(Fig. 2)
Application Number: 2009-262726
Application Date: 18.11, 2009

Patent Number: 5191978

Registration Date: 8.2,2013

Title: Control system of automatic
transmission

Inventors: Go Endo, Masami Suzuki
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[SUMMARY OF THE INVENTION]

A control system for controlling an automatic transmission
that is capable of establishing a given speed stage by
engaging a given frictional element. The control system
comprises an actual time lag measuring section that
measures an actual time lag from the time when a speed
change instruction for the given speed stage is issued to the
time when a gear ratio of the automatic transmission starts
to change for the purpose of establishing the given speed
stage, a torque detecting section that detects a torque from
an engine, a time lag map that provides a suitable time lag
in accordance with the detected torque from the engine,
a learning correction section that corrects, by learning
control, an instruction value for the hydraulic pressure led
to the frictional element in a manner to cause the actual
time lag to have the same value as the suitable time lag;
and a time lag map correcting section that corrects the
suitable time lag in accordance with an operation condition

of an associated motor vehicle.

Patents

Fig.2
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