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Foreword

In the publication of “ JATCO TransTechnology
Review”

CHAIRMAN & CEO Kenichi Sasaki

AT technology evolves at arapid pace,

The automatic transmission (AT), the main product of JATCO TransTechnology, is recognized as a
high technology product by everybody in the world. Compared with most automotive components,
the AT has a complicated structure that incorporates extraordinarily precise parts for accurate control
and function.

It is not unrealistic to say that new applications of transmission rarely involve existing production
transmission products. Many times a new transmission is still a concept drawing or just at the CAD
solid model status at the point that the customer makes a decision to utilize our products.

The customers make up their mind to source products from JATCO Transtechnology by expecting
that our new technologies are being developed in line with their future requirements, including all
aspects of performance, reliability, quality and cost.

Approach new Technology with a“ skilled business mind-set” ,

We like to say “technology is our product”. This JATCO TransTechnology review covers the
history & current status of technologies so our customers can understand and contribute to further
technology progress. We hope this will give customers some insight as well as actually unveiling
new technology pioneered by JATCO TransTechnology.

| want our readers not to be confined to the meaning of the technology in the narrow sense (of the
scientific word), but to think of technology as “waza’ (avery high level of skill) for delivering our
final products to the customers. If we consider technology as “waza’, then there are many times
“waza’ occurs in the daily activity of every function from sales through manufacturing. For
example, the “waza” to achieve a high performance in a simple structure, or the “waza’ to process
micron level accuracy (exactly same as the engineering demands), or the “waza’ to build thousands
of the ATs without any defects and even the “waza' to understand our customer’s needs as soon as
he describes.



Expanding the “waza’ at each level of our business and transferring this to the next generation will
ensure that customers are pleased with our next generation products.

Our desire is to be somewhat careful in the presentations of new technologies. Engineers do not
want to get into the trap of becoming a “technology maniac” who is criticized for developing “an
excellent technology that cannot make money” or “a sophisticated technology that does not
contribute enough to performance during daily usage’. Therefore, JATCO TransTechnology will
aim to introduce our thoughts and ideas on technology as professionals with a* business mind-set”.

To widen the scope of Technology contributors,
We encourage feedback and guidance from our customers and other transmission experts on the

contents of this review. | sincerely hope this JATCO TransTechnology Review will grow to
eventualy include participation from al members of JATCO TransTechnology.
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Summary The history of automatic transmission de-
velopment by JATCO TransTechnology is described.[]
The 3 speed AT 3N71 type was the first transmission de-
veloped by ourselves. After JATCO was established[
AT has been developed at both Tsurumi (how ATSUGI)
and FUJI technical center. Then lockup ATO 4 speed
ATO 5 speed AT and automatic transaxles were devel-
oped.]

Now Jatco TransTechnology has many attractive ATs in-
cluding CVT. In this paper(] the history of AT develop-
ment is described.
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Summary[ Belt Drive CVTs were first mass-produced
in 1958, and now they are gaining popularity for FWD
vehicles. TransTechnology (our former company) was
the first to develop a Belt Drive CVT with increased tor-
que capacity for the 2000cc vehicle class, which started
mass production in 1997.00

We have started the development of torodial CVTs 27
years ago. We first researched a single cavity concept for
FWD vehicles, then a double cavity concept for RWD ve-
hicles. JATCO TransTechnology is the first company in
the world to market the double cavity toroidal CVT for
Nissan RWD vehicles.
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Fig 3 The first prototype of the principle model
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Summary[ | look back toward Production Engineering
of AT 0 CVT of JATCO TransTechnology Ltd. and in-
troduce the technical one partd and this report introdu-
ces one part of constitutional improvement activity and
its result in a factory.
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Development of Direct Electronic Shift Control System
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Summaryd Our new automatic transmission JR405E
for & Front engine, Rear—drive” vehicle has been first
adopted with* Direct Electronic Shift Contrdll DESC[T
system to achieve excellent shift quality and to make its
size and weight small. This paper explainsthe DESC sys-
tem and shows the achievement of its purpose.
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Tablel Comparison between conventional system and DESC system

Conventiona System (accumulator) | DESC System
One Way Clutch applied | No One Way Clutch applied
gﬁgﬁaﬁggro' See Table 2,3
Pressure control device | pressure control solenoid [ pressure control solenoidx 2 | pressure control solenoidx N
Oagcumulator x N Oagcumulatorx N [ pnessure amplifier valve x N
Oonifice x N Oaonifice  x N
Oshift valves Oshift valves
[ shift solenoids [ shift solenoids
Device for proper One Way Clutch sequence valves software
combination of apply 0 Ebast clutch and control O &blenoid to inhibit sequence
and release clutches device needed valve needed
Layout Needs larger space Needs less space
and O acumul ator Omodifier solenoid
00 sequence valve with inhibit -
Part number solenoid [ pressure amplifier valve
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Input Controller Output
Speed Sensor > »|Line Pressure Control Solenoid (alternative)
Turbine Speed Sensor »| Automatic- »| Clutch Pressure Control Solenoids (modulating)
Inhibitor Switch »| Transmission »| L ock-up Control Solenoid (modulating)
Hold Switch »  Control
ATF Thermo Sensor > Unit  ——»|ATF High-Temperature Warning Lamp |
Qil Pressure Switch »| (Computer)
Signals from Engine Control Computer > Speed Signa (to Speed Meter)

»
Ll
»
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Hold Mode Indicating Lamp

Fig. 3 DESC system diagram
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Table 2 Achievements of DESC

High shift quality

Reduction* of Unit weigt : about 10 kg
Reduction* of Control valve weight : about 0.6 kg
No control valve variations for 6 engine adoption
* comparison with our previous transmisson

goboooooooboboobobbooubboooo
gooboooboobbboobbboboobobbbbon
uooobooooonoo

ooood
0MD0ODO000000O000000000O1JR405ED
oood

O 00, OO0 000000o0o0ooiDim A/TCO 0000
0000 ,00000000b00ooooon

0 951,p.1250 128[1 1995-51]

O[Mercedes-BENZ, Functional description of automat
O ic transmission 772.6, p.270 49[1 1995-3[1]

OCZFS, Dept. MKTD, Functional description - [

0 5HP19FL[] 1995-8[1]

0@ ooodooooooooo 4000000004,
0 HONDA R&D Technical Review, p.610 69,

0 Vol.91 199711

O0mod ,FAMILIAO OO0 0O 0 1998-4[11

m 0000w

gooog

goood




00000 [

AT oo ooooon

Automatic Transmission Technology for Wide Range lock up
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Summaryl It is getting more important to improve
fuel efficiency of the vehicles with an automatic trans-
mission for protecting the environment. This paper pres-
ents one of the technologies for this purpose , to make
lock-up clutchJ engage at low speeds without spoiling
driving smoothness.
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Fig.2 Lock up condition on 10-15 mode
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The Development of CVT for the NISSAN NEO Hybrid System

o0 o’
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Summaryd A CVTOcontaining a traction motord was
developed for the NISSAN NEO Hybrid system vehicle-
s[J on the basis of the conventional CVTDO that was in-
stalled in the PRIMERA and other modelsd considering
both “ environmental concerns” and “ smooth and
powerful driving”. The CVTO has further advantages of
having much better fuel consumption by adopting a
powder clutchd an electric hydraulic pump and so forth.[
It also has better driving performance by controlling
pulley ratiod according to driving conditions and has
much better fuel consumption.d

O This paper describes the technical features of the CVT.
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Tablel Itemsand Methodsto improve fuel
consumption and methods in thisCVT

Items Methods
1) Reduction of [JRemove forward/reverse
friction. changeover.

[ 1Al doption of motor-driven
hydraulic pump.

| ITRemove torque converter
and adoption of powder
clutch.

2) Optimization of [J0Minimize pump revolution

electric power | speed ,according to driving
consumption conditions and environment.
for hydraulic

[ 1Optimization of fluid flow rate
pump. for transmission and
lubricating cooling systems
using tandem pump.

3) Improvethe  [d[Adjust pulley ratio to
engine operation | enable best efficient engine

point, by belt operation
-drive CVT
[ICAdjust pulley ratio according
to appropriate torque when
throttle is highly opened.
4)Energy M aximum regeneration of
regeneration. deceleration energy by cutting

off engine friction with powder
clutch.
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Table2 Specifications

Engine 4Cylinder 1.8L engine
for gasoline
Pulley ratio 2.3260110.434

Starting element  |Powder clutch

Forward/reverse |Motor

changeover

Transmission Steal belt& Pulley

system

Hydraulic Pump |Motor-driven

type hydraulic pump

Final gear ratio  |5.473

Fluid Nissan CVT fluid
NS-1
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A Servo System of Pulley Ratio of the Steel Belt CVT for Medium-Size Front-Wheel Drive Vehicies
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Summaryl The electronic shifting controller of our
steel belt CVT for medium-size front-wheel drive vehi-
cles consists of two parts; a desired pulley ratio genera-
tor and a servo controller of the pulley ratio. Robust
model matching control technique that is introduced in
the servo control system keeps desired shift characteris-
tics from the effect of various external disturbancestd
such as fluctuation of the hydraulic pressure or dimen-
sional error of hydraulic control elements. This article
describes the design of the servo control system of pul-
ley ratio of the CVT and its performance.
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Heat Generation Analysis of a Metal V-belt for CVTs

Keiju Abo’

Hideaki Takahara'"

Hiroshi Yamashita™™"

O O O A belt-drive CVT for use with 2.0-liter class engines has been developed based on sev-
eral fundamental technologies including a metal V-belt and pulley set§ 10 | In this develop-
ment[] heat management of the metal V-belt was a key technical issue that had to be ad-
dressed to increase torque capacity of this belt-drive CVT. Calculations and bench-test
measurements were therefore performed on belt heat generation for various combinations of
automatic transmission fluid quantity and temperature. The calculated belt heat generation
showed good quantitative agreement with experimental data. Based on these resultsC] a simu-
lation procedure was developed for predicting heat generation under any constant and bal-

anced operating conditions.

1. Introduction

A belt-drive continuously variable
transmission (CVT) has been developed as an ideal
transmission mechanism and it was succeeded in pro-
ducing the world's first commercial CVT for 2.0-liter
class passenger car§15. It has been also combined
with a direct-injection gasoline and exploited the fea-
tures of both to achieve a powerful but smooth drive
with improved fuel consumption in the power train.O

In response to the worldwide call for better au-
tomobile fuel consumption to prevent global warm-
ing and preserve natural resources(] automotive com-
panies have taken up such CVTs for their application
study.[

Due to the geometrical structure of the VDT-
type metal V-belt (heretofore referred to as "metal
belt) used in belt-drive CVTs[relative slipping be-
tween the metal belt and pulleys will generate fric-
tional heat. It is known that this frictional heat increa-
ses as transmitted torque becomes larger. To
therefore achieve high torque conversionCheat man-
agement of the metal belt becomes an important is-
sue. This paper reports on the results of heat genera-
tion analyses that we performed during the course of
developing our 2.0-liter class CVT.

“Product Engineering Department No.1
“*Component Engineering Department

~~Component Experiment Department

Fig.1 Display model of 2.0-liter classCVT

2. Structure of aBelt-drive CVT

The main cross-sectional view of a belt-drive
CVT is shown in Fig. 2. Herelthe torque generated
by the engine is transmitted to the tires through the
torque converterCforward/reverse actuation mecha-
nismCratio change mechanismC¥inal reduction gear(]
and differential mechanism. The ratio change mecha-
nism consists of one metal belt and two sets of pul-
leys.
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Fig.2 Main cross-sectiona view of abelt-drive CVT

3. Main Symbols

Vep
Veb
Vbb

Qep
Qeb
Qbb
Rs
N1

N2
N2nl

om

Le
Ve

R1

R2

wl

w2
Vb

Ip
dR

t
Fep

Feb

Fbb

: Relative dlipping speed between element

and pulley face

. Relative dlipping speed between element

and innermost band layer

. Relative dlipping speed between band

layers

: Generated heat between element and pulley

face

: Generated heat between el ement shoulder

and innermost band layer

. Generated heat between band layers

: Slipratio

: Number of input-pulley revolutions

: Number of output-pulley revolutions

: Number of output-pulley revolutions at

Zero input torque

: Average gap between elements
: Element thickness
: Rotational speed of element srotating-pitch

radius part

: Rotating-pitch radius of elements on input

side

: Rotating-pitch radius of elements on output

side

: Rotational angular speed of elements on

input side

: Rotational angular speed of elements on

output side

: Rotational speed of inner surface of

innermost band layer

: Pulley ratio (Ip=N1/N2)
. Difference between rotating-pitch radius of

element and innermost band layer

: Thickness of one band layer
: Contact load between element and pulley

face

: Contact |oad between element shoulder and

innermost band layer

. Contact load between band layers

Mep : Friction coefficient between element and
pulley face

peb . Friction coefficient between element

shoulder and innermost band layer

BB Friction coefficient between band layers
PL1 : Input pulley hydraulic pressure

PL2 : Output pulley hydraulic pressure

Qbox . Generated heat within test equipment
Quat : Generated heat of metal belt

Qgro : Generated heat of pulley-support bearing
Quev - Heat exchanged with lubricating oil

Qoo cond . Heat conducted into the laboratory
Quconv - Heat exchanged by convection in the

|aboratory
Qo raa . Heat radiated into the laboratory
Cuo : Specific heat capacity of lubricating oil
Mo : Amount of lubricating oil per a second

: Temperature difference of lubricating oil
at inlet and outlet

4, Heat Generation Mechanism of M etal Belt

4.1 Structure of the metal belt

The structure of the metal belt is shown in Fig.
3. The metal belt consists of about 400 steel elements
of about 30 mm in width arranged continuously along
apair of laminated steel bands. Each laminated band
consists of nine 0.2-mm-thick edgeless layers.

Fig.3 Meta V-belt and pulley construction

4.2 Heat generation points of the metal belt

Due to the geometrical structure of the metal
belt, relative dipping occurs between elements and
bands, elements and pulleys, and bands and pulleys,
as well as between adjacent elements and between
band layers. In al, frictional heat due to relative
dipping can be considered to originate at the
following points.



1: Heat Qe between element and pulley face

2: Heat Qe,b between element shoulder and
innermost band layer

3: Heat Qbb between band layers

4: Heat Qe,b between element neck and band

5: Heat Qe.b between element ear and
innermost band layer

6: Heat Qbp between band and pulley face

7: Heat Qee between adjacent elements

In the following discussions, we theoretically
calculate heat generation for points 1 to 3, which
make up most of the generated heat due to their
relatively large contact load and high relative slipping
speed.

Pulley

3:Qbb  5:Qecb 4:Qenb
— Band

6: Qbp :

=

7 Qee

1: : . / /
j Qerp * 2: Qesb Element

Fig.4 Heat generation points of the metal V-belt

4.3 Calculation of relative slipping speed between
element and pulley face

In contrast to rubber belts and chain belts that
transmit torque by tension, a metal belt transmits
torque mainly by compression acting between the
elements. During torque transmission, however, a
very small amount of slippage occurs between the
element and pulley face resulting in a relative
slipping speed ®. The generation ratio of this slippage
(slip ratio) is defined as follows in Eq. (1).

Rs=(1-N2/N2,,x 00 (%) (1)

Using previously reported Eq. (2) below to
calculate the slip ratio, the relative slipping speed
between the element and pulley face can be
calculated by Eq. (3) given the average gap between
elements and element thickness.

Rs=0 On/(Le+d On)x 00! (%) )
Vep=IVex Rs/100I

=IVex & Om/(Le+d C) 3)

Fig.5 Slip mechanism of the metal V-belt

4.4 Calculation of relative slipping speed between
element shoulder and innermost band layer

In Fig.6, point A, the element rotating-pitch
radius, and point B, the contact point between the
element shoulder and innermost band layer, are
separated by about 1.0 mm in the radial direction. As
a result, a relative slipping speed occurs between the
element shoulder and innermost band layer on the
pulley of smaller radius. Equations (4), (5), and (6)
can be established for the rotational speed of the
element pitch-radius part and the rotational speed of
the innermost band layer’s inner surface based on
element rotating-pitch radius and rotational angular
speed on the input and output sides.

Ve=R1x wOl=R2x w2 4)
Vb=(R2+dR)x w2 (Ip>1) 5)
Vb=(R1+dR)x [l (Ip<1) 6)

Rearranging the above equations, the relative
slipping speed between element shoulder and
innermost band layer can be calculated by Eq. (7).

Veb=IVex [dRx [(1/R2-1/R1) | @)
B
A dR
P Band
Element

Fig.6 Side view of element
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Fig.7 Metal V-belt geometry

4.5 Calculation of relative slipping speed between
band layers

In Eq. (7) above, we substitute the difference
dR between the rotating-pitch radius of an element
and the innermost band layer (1.0 mm) with the
thickness of one band layer (0.2 mm). This enables us
to approximately calculate the relative slipping speed
between band layer i and band layer i-1, as shown by

Eq. (8).
Vbb=IVex B [I/R2-1/R1) | (8)

5. Calculation Method for Heat Generation of
Metal Belt

5.1 Calculation of heat generation between
element and pulley face

Frictional heat is generated between element
and pulley face due to relative slipping and contact
load. Noise and vibration energy loss was assumed to
be sufficiently small compared to frictional heat
energy. Given the contact load and frictional
coefficient between the element and pulley face, heat
generation here can be calculated by Eq. (9).

Qep=2x Y [epx Hepx Vep 9

5.2 Calculation of heat generation between
element shoulder and innermost band layer

The innermost band layer resists the friction
force generated by the contact load with the element
shoulder and undergoes relative slipping with the
element generating frictional heat. Given the contact
load and frictional coefficient between the element
shoulder and innermost band layer, heat generation
here can be calculated by Eq. (10).

Qe.b=p [B,bx Febx Ve p (10)

5.3 Calculation of heat generation between band
layers

Given the contact load acting on band layer i
(2010 9) and the frictional coefficient between each

pair of bands, total frictional heat generated between
band layers can be calculated by Eq. (11).

be:Z;D p Obbx [Fbb(i)x [Wbb (11)

5.4 Calculation of heat generation of metal belt

Using Eqgs. (9), (10), and (11) above, the heat
generated by the metal belt can be expressed by Eq.
(12).

Qpa=Qep+Qe,b+Qbb 12)

5000

4000

3000

2000 N1 rpm

Fig.9 Calculated heat generation of a metal V-belt



6. Experimental Verification of Metal Belt Heat
Generation

6.1 Test equipment

To verify the validity of the calculation method,
we measured the heat generation of a metal belt in a
balanced state using the test equipment shown in Fig.
10. The heat generated within the test equipment can
be expressed as the sum of the heat generated by the
metal belt and that by the pulley-supporting bearing,
as shown by Eq. (13).

Quox=QpertQpra (13)

The heat generated within the test equipment
can also be expressed in terms of heat exchanged
with lubricating oil, heat conducted into the
laboratory, heat exchanged by convection in the
laboratory, and heat radiated into the laboratory, as
shown by Eq. (14).

QbOX: Qbox»lub+ Qbox-cond+ Qbox-conv+ Qbox-rad ( 1 4)

Here, because test equipment interior and
laboratory interior are essentially kept in insulated
states, we consider that heat conducted into the
laboratory, heat exchanged by convection in the
laboratory, and heat radiated into the laboratory are
sufficiently small compared to heat generated within
the test equipment. Heat generated by the metal belt
can therefore be expressed by Eq. (15).

Qbelt D Qbox-lub'QBRG ( 1 5)
Qbox-lubzclubx [Mlubx A Drlub (16)
Measuring, therefore, the amount of

lubricating oil per a second and its temperature
difference at inlet and outlet using the test equipment,
and given the specific heat capacity of lubricating oil
and bearing heat generation, we determined heat
generation of the metal belt according to Egs. (15)
and (16), and compared these results with those
obtained by calculation.

Primary pulley

i .55 - Secondary pulley

Pulley Metal V-belt

Fig.10 Test equipment

6.2 Comparison of calculated and measured
results of metal-belt heat generation

Results of calculating metal-belt heat
generation for a low pulley ratio (Ip>1) are compared
with measured results in Fig. 11. Calculated and
measured results show good quantitative agreement
demonstrating that the method introduced here to
calculate heat generation of a metal belt is valid.

Ip=2.3, N1=4000rpm, PL2=const.
\ \ o

—— — Calculated results

—— © Measured results

Q/D/D

Qbe]l

Metal V-belt heat generation

0 50 100 150 200
Primary pulley input torque T1 Nm

Fig.11 Calculated and measured results of a metal

V-belt heat generation



7. Conclusion

(1) The heat-generation points on a CVT metal V-
belt have been clarified and the amount of heat
generated at each point has been quantified.

(2) A simulation method has been developed that can
predict the amount of heat generated by a CVT
metal V-belt for arbitrary conditions like high
input rotation and high input torque that are
relatively difficult to measure experimentally.

(3) Calculations of the heat generated by a CVT
metal V-belt showed good quantitative agreement
with measured results demonstrating the validity
of the simulation method.
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Development of Measurement Technology on CVT Belt Noise
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Summary In development early day's stage of a steel
belt CVT for medium-size front-wheel drive vehicles[Jit
was necessary to make a correct judgment about noise
and vibration performance of the CVT belt, which was
important portions of CVT. Therefore we developed
measurement technology to evaluate belt vibration per-
formance accurately without assembly afresh and as a re-
sult get possible to grasp quality of belt being simple
quantitatively. We introduce the experimental apparatus
and measurement method here.

1.000no0o

OO0 FFOD0O0DODO0O0O00 ecvio ek oo oo
oooooooobonD Fr 200000 ecvTOoo oo
ggbooooobog evroooboooooboooo
ggooooooooooooo evroooood
googboboogoooobom

Belt

Fig.1 Cross-sectional view of CVT

"00Moooo
Unit Experiment Department

gboooboooooboobobooooooboooooo
goboooooboboooboboooooboom
gbooogooocecvrooooooobobooboo
gobooobobboocevrooogoooboooo
gbogobooooooobooooobboboobboob o
goooooboobbooooooooooooog
ubobooooooom

2cvrooogooooooo

21.00 FFODOOODODOOOO cevT DO Odg

000 FFODOOOODODOOO0O cvTOoOoOoooo
VDT 11 Van Doorne’s Transmissie b.v.[10 0000
4000000000000 90x 2000000000
00000 TablelOOODOOOMD

Table 1 Specification of a belt for CVT

W:Element N:Ring
Width | Number of w N
sheets g\to
About 9 — .—Z
30mm




22z.cvroooboooogonog

gevtoboboooboooooobooooogobg
goboooooobbboobooooobobooo
000 200 30km/h 000 4kHz OO 000000000
Uboooboboooboooa
goodgoooobboooobboobobbobo
goooobobbodbo0ooboooooom g
OT/MOOOOODODDOOODODODOOOOODOO
000000 Y

ooo0 T/MOO0OOO0ODOODOOO /MOODOOO
gboogoobbogobooooobbooooboo
goooopgboobooobobooooooog
gooom
gobopbboobbobogobbocevroooooogd
ooobbooooooooDobobobObDFrRg2000
gobbooobbooooooboobooon
cvibboboboooboboooooooboood
goopoobobobbbobboooooooooboo
gooooooom

Primary Pulliy Belt
Pri.Pulley
Bre. A \
00
Input 9
—>
[0) [0)
Sec.Pulley
Brg. A
Pri.Pulley ®
Bre.B - :| Output
' —>
\
To Slip Ring

Accelerometerx B
Secondary Pulley

Fig.2 Experimental apparatus for measuring pulley
U O vibration

goooomMmoooooooooooogooomo
obomoobobobobooobobooooog
0 oobobooa

23. 0000004000

goobooigoooooobboobooooobnDn
000000000000000Pooo0ooooon

gboooopoobob3sggooboogobobooo

ooooboobOorg200000000000O0OO

googooooooobbobooboooooboon

goooooooogoooboobbobobobboon

gooobobooooobooobooobooooboo

googobooooobobm

oooobpoooobbo /MOOODDOOOOOO

OOo0OO0obOoobUobm A Beltt /T MOOOOO

O00DMDOoOOOO0O0DOOmBBelttly 2000
gobooooboooobbgbom oo moood

gooobooooboooboooooboboooooobon

gbobooobooobboobooboboood

ooopDoooopooT/MbOODODOOOOOb0DOO

gboobooobobooboooboa

24. T/MOODODOOOOOOODOODODODO

cooboooooT/MmOObOOOOOODOODO

DO00oODOO000Od Table 200000000000

oooboooo T/mobDOoooooboooobooboobo
gboooobooobbbobobbooobooooog
goobooooooooboooooooooobooo

gooom

Table 2 Coefficient of correlation between the

000 measurement points
Datd] 0 N=168

Belt Box Pulley Brg.
Measurement| Vibration Vibration
/M Points | Sec. Pri. Pri. Sec.
Measurement Pulley Pulley |Pulley |Pulley
Point Rotational | Brg. A [Brg. B |Brg. A
Radiation Noise 0.800 | 0481 | 0618 | 0.624

25. 0000000000

gooooooobooooobobooooboboo
goboooobobbooobboboooobood
SINONnOOA beltD B belt 000 OD0O0OOOOO
goobooooooooooboooboooooobon
oobDoob0 eMmMmOOOOSNDOOOODOODOD
FigsOOUOOouoonO §M A beltD B beltd
gobobbooobooooboboooboobobonoom
oT/mMbboooooooboooooongoobo oo
0000000000 s/INODOOOOOooo M PL



00000 H.OODOOOD@W T OoOOOoooo o
oooboo sINDOoOooopgooboooboooo
OO0oO00O00DDO0O0Dd0Frg300000O00O0O0OO0
Hi.DOOooooooooooooooooooooo
ogooboobooooooobooom

—&— Sec.Pulley Brg.Vibration] PL:Low,T:Low[T]
e Scc. Pulley Rotational Vibrarion PL:Hi.,T:Hi.[T]

[dB]
/

N,

High Pulley ratio Low

Fig.3 S/N Ratio

gboboboboobobbdooouoooooboooog
UMPL Hi. OO0 OO0 M TODOOOD DODOO
OO0 rigd000D0O0OODOODODODODOOODO
gbobboooboboobooobooobom

—&— Sec.Pulley Brg.Vibration] PL:Low,T:Low[T]

e Scc. Pulley Rotational Vibrarion PL:Hi.,T:Hi.[T]

Sensitivity
~,
) '\l\
High Pulley ratio Low

Fig.4 Sensitivity

goboooobbooobboooooooooon
ggbobooboooodbuoobboobobbood
00000000000 righOODOOODOODOO
goooooooobbobboobobooboooog
gooooogooooonooooom
ooooooboooooooooboong 7/im O
00000000000n rigeo 0O
gooooomwmObDOobobOobooDobooooo

ooooooooT/MOODOODOOOODOODDODOOO

gooboooobbgoooobooo o

Pulley Rotational Vith] PL:Hi.,T:Hi.[T]
[0 m [0 [Before re-assemble Belt
0 A O [After re-assemble Belt
---[J B- Average

Brg.Vith] PL:Low,T:Low[T]
---[J tF Before re-assemble Belt
---[1 & After re-assemble Belt
---[0 B- Average

Sensitivity

oo /S/N[hD / S MO0
oo o~
PYTT A I EEERE s - - é

Vibration Level[dB]

Belt

Fig.5 Repeatability

<

g A
3 &/</’
‘S *

Z R .

c %/

S

g e

©

gl

s Yy £0.941
< ON=120FH
|_

|

Sec.Pulley Rotational vib.[dB]

Fig.6 Cross-Correlation Result
CINRININEN
gcviobobooooooooooooboobooo

gobboooboobbobbboooooboobobob
ooooobooboobooboboboboobboob o



goobobboboobobbooboobooob m
gobooboobbobooobbooooooomog
gobooo oboboooboooopoboooooon
goboooooobbooobuoboboboo oo
goooooooobobooboooooboooooo
goobooobbooboooooobom

gooog

0000 do:cvToooopooooo ,0ooooo

0 00D0DDO000DO000000O No.931130,0

O 9307948 1993010

0000 00 oNOcvToono O

0 0000000000000 0 No.931130,0

0 9307957] 199301 O

OTK.Ariga, T.Abe, Y.Yokoyama, and Y.Enomoto OO
Reduction of Transaxle Gear Noise by GearTrain
Modification, SAE Paper 9221081 1992(10]
O

e J0000m

ogoooo



00000

oo b oot

The Application of Simulation for Die Casting Process
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SummaryO In case of die designing of aluminum die
casting O we applied original flow simulation system.[
And that enabled to reduce the times of modifying
which needs to launch a newl parts comparing with tra-
ditional countermeasure.
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Table 1 Tested casting conditions

Casting Conditions |Common| OO OO0 OO0 OO

Casting Pressure
[ MPa | 78.5163.0163.0|63.0]70.5

Injection Speed of
Second Stage [ m/sec]
Injection Speed of

First Stage [ m/sec ]
Injection Stroke of

Second Stage [ mm ]

Accelerating Time
[ 10 sec ] 60l 60] 60f 60| 60

2.01 2.0] 2.2 2.4] 2.0

0.2] 0.2] 0.2 0.2] 0.2

330] 330] 330| 330{ 330

{common| stage IZI‘[ Stage [ [u‘ ‘Stage 01 Stage 0L

K

o

oooooobooooonD 78sMPal oo
gboboooboboooooobogn 200 60MPa
gogooboboobbbbbobo ..ooogboboo
ggooobooooooooobobo .obgg 2
gbooooooboobbobbobbobooooooon
gooobooobesMPall D DDOOOODOOO
000 20m/sO0 22m/s000000OO0OOOODO0O
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Fig.5 Scope of simulation development

Table 2 Contents of development
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Fig.4 Data of pressure measurement

Software Developped items Analyzed contents
Improve STEFAN (developed by | [J Process of filling by 3D
Fluidity TOHOKU university) for the 0 Each time to fill by 3D
large-sized complicated part 1 Each speed of fluid by 3D
STEFAN | 5% Yicaled pa pe y
evelop the data interface to 0 Each temperature by 3D
use FCAD data for the model of 0 Each pressure by 3D
simulation
[0 Improve the way of displaying
an analysis
[ Improve an analysis condition
input program suitable for JATCO
T.T.
0 Improve some defect in case of
the large-scale computation
Developed newly for the large- 0 Break out point of
sized complicated parts shrinkage porosity
Solidification | Make a model automatically 0 Quantity of shrinkage
SPARC |from FCAD data porosity
[0 Make a cooling condition that | 0 Each temperature by 3D
:”:l [l [l [l [l [ WME‘ES possible [ Each time to be solidified
olition of analysis element by 3D
number limitation 0 Each rate of solid by 3D
[0 Incorporate eutectic
solidification model
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Summaryd JEDRIS (JATCO TransTechnology Engin-
eering Data Retrieval Improvement Share) is the integra-
ted engineering information control system. It manages
technology information, which is generated through the
product life cycle overall, as real information. And it
also made it possible to share this information between
each division / work process. [J

O Having its key word as "arrangement number”, the
characteristics of the system is to manage the drawing
and both arrangement and part information in relation
manner. Consequently, it became possible to obtain any
of the related information from a specific source easily

and quickly.
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Introduction of JF506E
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Summary The JF506E model automatic transmission,
five speed automatic transmissiofl 5AT0, for front
wheel drive vehicles is bigger torque capacity and
compact configuration for easy installation had been
newly developed for overseas car makers. The vehicles
installed by the AT were for sale in Europe and Japan.
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Introduction of Direct Electronic Shift Controled Automatic Transmission (JR405E)
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Summaryd A new developed JR405E automatic trans-
mission realizes the excellent shift quality with the adop-
tion of the direct electronic shift control and the centrifu-
gal balance clutch room in spite of having the same
basic specifications as the JA402E.0

O The features and benefits of this new JR405E will be
introduced.
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Table 1 Comparison of major specification

Specification
Item JR405EL] JR402ED]
Torque capacity 294N0ImO] 294N0m0]
Revolution capacity 7000rpm[] 7000rpm[]
Torque converter | Size 235/2500] 235/2500
| Stall torque ratio 2.00 2.00
Oil pump Trochoid gearll Vanel
Weight(Dry) 63kgOfll 73.6kglfl]
1st gear 278501 2.7850
2nd gear 1.5450 1.5450
Gear ratios 3rd gear 1.0000] 1.0000]
4th gear(Overdraive) 0.6940] 0.6940]
Reverse 2.2720 22720
Clutches & Brakes LOw> C FWDL C
HOC HO C
REVO C REVO C
2040 8B 20040 B
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Introduction of JF405E-H
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Summary 0O JF402E-H for 0.66L mini cars evolves
into new JF405E-H.JF405E-H has high efficiency and
excellent shift performance by compact gear train,high-
performance torque converter,and new hydraulic-elec-
tronic controls.Futher,the transmission was planned for
small-sized cars,and uses a neutral-idle control and slip-
ping torque converter lock-up control.Since October
1998,the transmission has been installed on the 0.66L
mini-car produced by Suzuki Motor Corporation.The
transmission has also been installed on other 1.0L small-
sized cars since June 1999.
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Table 1 Main specification

Over length 360mm
Center distance 172mm
(Eng-Diff)
Mass(dry) 45.7kg
Max torgue capacity 122Nm
Table 2 Gear ratio
First 2.914
Second 1.525
Third 1.000
Fourth 0.725
Reverse 2.642
Fina 4.0-5.8

Table 3 Operations of the interacting elements

L&R/B

First

C

LOW/C JOUT

/
; ; ; ;L&R/B

Second LOW/C I OUT
IN
IV II4 (VI IIIIIVII4
2-4/13 I‘O“; L&R/B
—= owce
Third I:l‘l_(:) Low/c four
| Se—
REVIC d L/ ?
IN
L g 2/ EE:ALAEE )44
2-4/B ]6(\;\2/ L.&R/B
Fourth Low/c four

Posiion | REV/C | HI/C | Low/C | L&R/B (L)(V)V"g 2.4/B
P
R o0 o0
1 0 o0
D 2 O o [
3 o [J o [J
4 o[ o[
2 O o [
1 0| o0

033 odooooooooon
Orig300000000DO0O0OOMm

00020000000000000200 ON/OFFOO
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oo m ssmuoooooooooo
goobooobobbbobodoooooobrubO
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IE
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REV/C T L3 F
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Fig.2 Stick diagram
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L2 Manual valve L11 Timing valve S1 Shift A solenoid valve

L4 Shift A valve L13 Neutral control | S2 Shift B solenoid valve
vave

L6 Neutral shift valve | L14 Lock-up control | S3 PL duty solenoid valve
valve

L9 Accumulator L15 LOwW/C A LU duty solenoid valve

control valve accumul ator

L10 Shift B valve L16 Servo release | #1,#2 | Orifice

accumul ator

Fig 3. Hydraulic circuits
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Fig 5. Slipping torque converter lock-up control system
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Introduction of JF404E-WJ FDOLMminor change specification
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Summary Recentry it is important that automatic
transmission have the new function not only a high-class
car.

| introduce the way to add the new function for JE404E-
W! FDQMFig.1,Table 1[minor change.
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Table 1 Specification of JFA04E-W

Max. input torque 150Nm
Max. input speed 7,000rpm
Max. vehicleweight (G.V.W) 1,550kg
Control system Electronic
Torque converter 215mmdia.
Gear ratio 1st 2.875
2nd 1512
3rd 1.000
4th 0.726
Rev. 2.656
Final drive gear ratio 3.470 4138
No. of select positions 7(P,RN,D,3,2,1)
Dry weight 60kg
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Fig.1 Cross-sectional view of JF404E-W
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Fig.2 Oil circuit in neutral control
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Fig. 4 Oil circuit at 1st engine brake in D range
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Table 2 the combination of SOLENOID in each gear

GEAR SOLENOID | SOLENOID | SOLENOID
A B C
1t ON OFF ON
2nd ON ON ON
3 OFF ON OFF
4t ON ON OFF
1st engine OFF OFF ON
brake
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Fig.5 Qil circuit in 1st gear control in 1 range at
transmission control unit failure
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Introduction of a Steel Belt CVT for Medium-Size Front-Wheel Drive Vehicles

oo o°
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Summary Steel belt CVT(Continuously Variable Trans-
mission) for Medium-Size Front-Wheel Drive Vehicles
(hereafter "CVT") is a great capacity belt-CVT with a
torque converter. It was installed on 2L -class vehicles for
the first time in the world because of the adoption of a
high intensity steel belt and development of a hydraulic
control system. This CVT considers both "environmental
concerns’ and "smooth and powerful driving" by adop-
tion of the torque converter having low speed lockup and
full electronic control. And the " CVT" has added 6-
speed manual shift mode, it promotes driving pleasure
by 6-speed manual shift mode.
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Table 1 Technica Specification

%‘ Torque Capacity ~ (Nm) 180
§ Max. Engine Speed (rpm) 6400 (Over)
Torque Ratio 1.86, 2.09
Variator Ratio 5.36
c
(=}
k| Pulley Ratio 2.3260] 01434
8 | Final Ratio 5.473,5.743
)
Fwd/Rev Ratio 1.00/0.683
Manua Mode Available
Total Length (mm) 396, 401
()
& | ENG O [DIFF Center 186
é@ Distance (mm)
4WD Application Available
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Introduction of* JROOGE”

o0 oo’ oo o

Akio KWAGUCHI

Noboru MARUYAMA

Toroidal CVT] RUOI

oo O
NoboruYOKOYAMA
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Tohru TAKEUCHI
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SummaryO O A new toroidal continuously variable
transmissiord CVTL the JROO6E modell] that has
been installed in the new NISSAN-CEDRIC/GLORIAC
was developed for the first time anywhere in the world
for application to 3L-over-class passenger cars. This
model considers both "environmental concerns” and

"extraordinary driving performance" by enhance the

function of automatic transmission. This paper describes
the technical features of the JROO6E model.
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Fig.1 JROO6E(RUO) model main cross section

Tablel Specifications and components

Specifications

Item Contents
Maximum input torque 370N Om
Maximum engine speed 7000rpm
Forward ratio (Reverse) 2.86000.66 ( 1.96)

Components
Item Contents
Starting  system Torque  converter
+Twin-face lockup clutch
Fwd/Rev  change-over Planetary  gear
mechanism +Wet multiple disk clutch

Shift  mechanism
Qil pump type
Qil  type

Double-cavity half- toroidal system
Internal  trochoid gear pump
Nissan CVT fluid KTF-1

Torque converter

From
Engine

Qil pump

Fwd/Rev change-over mechanism
Loading cam
SN 7 Power roller
¥ [\ -
— Sh—

Input disc Counter  shaft

Fig.2 Components
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Fig.7 Hydraulic control circuit
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Introduction of* DIGITALBIRD hand-held navigator” O

o0 oo-”
Akihiro AOYAMA

oo oo™
Yoshio MATSUOKA
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Summary JATCO TransTechnology Ltd. has developed
and marketed a portable navigation terminal
"DIGITALBIRD" as a new project product. It applied
the company's control and sensor technologies. Japan
Travel Bureau has started lending its business models to
JTB's tourists from ’98 the end of year.Then we have
started selling customer models from June, ’ 99.
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The Exhibition at the Frankfult and Tokyo Motorshows
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Tsukasa(Terry) ONODA
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Summaryd JATCO TransTechnology Ltd. exhibited at
'99 Frankfult and Tokyo International Motorshow for
publishing the new company's establishment the ad-
vanced technology and the new productions. This paper
describes the trend of Powertrain Technology and our
exhibition content.
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