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FREAHEIRA - IF VIS RT3 DRFE

Table 1 Comparison of specifications

7AT New 9AT

Torque capacity 560 Nm 700 Nm
Torque converter size UUF 260 mm dia. UF 260 mm dia.
Lock-up Torsional damper Torsional + Pendulum
Gear Ratio coverage 6.3 9.1
ratios "yt 4.887 5.425

2nd 3.170 3.263

3rd 2.027 2.250

4th 1.412 1.649

5th 1.000 1.221

6th 0.864 1.000

7th 0.775 0.862

8th - 0.713

9th - 0.597

Rev 4.041 4.799
Shift control Mechanical Park/Shift by wire
Oil pump Mechanical Mechanical + Electric
Transmission case Aluminum Magnesium
Oil pan Steel Plastic
Shift elements 7 Clutches/Brakes 6 Clutches/Brakes
Planetary gear sets 4 4
Weight (wet) 109 kg 99.5 kg
Gearbox length 501.5 mm 439.5 mm

IN—=IT 7 F 2L =N L O OEEDTATLL T 2 F 3
L7-.
Fig. 21234 H/3LyY, Fig. 314 B OB AR T

4.887 Gear ratios 0.775
1st 2nd 3rd 4th sth 6th 7 L
7AT 1.54 1.56 1.44 1.41 1.1641.1
/Wide ratio coverage and close ratios\l
New
1.66 1.45 1.36 1.35 1.22 §1.16f 1.21 § 1.19
9AT
1St 2nd 3rd 4th 5th  6th 7th 8th gth
5.425 0.597
Fig. 2 Gear ratio comparison
Step ratio
1.7
16 —o—New 9AT
) —e—7AT
1.5
1.4
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> >
GO R R A ol
RO SO S -

Fig. 3 Step ratio comparison
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FeL7z, ZIUZXDFEEL SO MBI BT B/ KR L
VAIANGAE R EFEIL TS,

3. AV T IRBICAITIRAEKM

3.1 BEMEANOFB
S TARTY) TS R
Oy ATy 7MIT R TON R EFEZ A E.
B IR DT YL ap bR 7 Fif e L,
K727 arfbzH -7z (Fig. 4) .
cRUF 2T LT N
MVZ 3 N—=FPIHERD M= a2 52Tz RY
T 2T L R (3RY T BRI ) BRI L, NVHEfE
Zl g ay s 7y FHEIBOIE K Z RIS L7 (Fig. 5) .

Fig. 4 Full bearing support structure

Pendulum damper

Fig. 5 Pendulum damper
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7AT lubrication map

9AT lubrication map

Flow rate [L/h'nin]

f /
e =

— Speed - ’d_(___a-""'-
Torque [rpk,ﬂ” -[r"\)‘ :g]ue

[Nm]

Fig. 6 Lubrication map comparison

Q-P characteristic N-P characteristic

‘/ —8—New 9AT

—a=7AT

—a=New 9AT
-=7AT

—

Speed [rpm]

Flow rate TL/min]
Oil pressure [MPa]

.-—"'/

Oil pressure [MPa]

Fig. 7 Comparison of hydraulic characteristics
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Diameter: 7mm Spool comparison
Weight: 2g

Surface treatment:
Nickel plating

Diameter: 13mm
Weight: 13.8g
Surface treatment:
Hard alumite

New 9AT

Fig. 8 Spool comparison

‘T

[a

Z " New 9AT 10 times more stable
0.5

()

S 0.4

e 5 times faster

()

a 7AT

8 i 0.2 o 0.2 0.4 0.6

Time [sec]

Fig. 9 Hydraulic response comparison

L, AW 28 74 Wi & I B, % 1 A R
MLZIA) S 72 (Fig. 8, Fig.9).
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’Thin—walled press-formed part ‘

Magnetic encoder

oY Welding rubber with
e~ magnetic force

Magnetic encoder

Placement is possible if parts allow
magnetic wave transmission between

the rotation sensor and the magnetic
encoder, thus enabling a high-density
layeut.

Revolution sensor

Fig. 10 Techniques for shortening axial length
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Engine torque fluctuation

Target:
reduction of 21.7 dB or more

<

~ Lower LU speed

| Limit with existing damper |
(800¢-1,200rpm)

Drive shaft torque fluctuation [dB]

800 1,200 1,600

Engine speed [rpm]

Fig. 1 Quietness target

HIEIR T AR R EDO M b, Fo0EkE B AR
ATFCOLUBEEM O X ¥ IFamyom EThA.
AT, INSHEORNHMAIZOWTHAT 5.
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LURHLHEALICED, MV EBOREI NI Y K [H R
S ZEII A, ZRIZED, ZHYH (ENEES D)
B, ENEBEBMEEAEOH 5 EHEVHIREIBIE)
HHEALT 5.

FrRIOATOLUBH 4 [ s 5003, i RFRH 74 AT (2L
T 7AT) ®1,200rpm#%*5800rpmiZZE H L7z,

ZHUCKY, SO EFORERELLBNTA T v 7 (LL
T DS) DMV ZEBMEIZ RN 225, Rk HAEZ K
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| Engine torque fluctuation ]

- . Existing measure using only

~ a torsional damper
~
~

S~
b Adoption of pendulum damper
— | in addition to existing damper

Drive shaft torque fluctuation [dB]

200 1,200

Engine speed [rpm]

Fig. 2 Effect of adding a pendulum damper

w: angular velocity

m: mass

R: distance from spindle rotation center to pendulum damper rotation center
L: distance from pendulum damper rotation center to mass center of gravity

Fig. 3 Principal pendulum damper parameters

EHEELHETHD. TR DR kD
JiTid, IREZTOTOREEN, fERkDF v 0Ix
V2T LEBINT AZET, DSMVYZE Bl AR DK
A Z % (Fig. 2).

NUT 27 DR R B F R8T XA —F % Fig. 3
IR,

RYF 25 MEMORFNIBWTIE, EEISTA=FI2
TR ) DA RBF L (2) DWIE TR D 2 V%
V5.

_o R
/= 7 (1)
T=m(R+L)n" RO (2)

A REN UL, oY A B A b TIRY TG
Do EHE L E D ERE < AL IR FHLLE DB ELD
HTHRETS.

WEN 2 RELEL2012F, ~AEEm, TLTEhR
DR, LET RELBED KREEE T 2L EDDH 5.

/

Direction of piston { q
action for LU o

TC-in hydraulic circuit

E '] " | im = TC-out hydraulic circuit

Fig. 4 Structure of hydraulic circuits and LU clutch of
existing 7AT
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Vs —

Irlr I’jlf

(\ :%;_J_l _:‘ '_.J ﬂ
|

SReHE ) [ >
N i

- = TC-out hydraulic circuit

(ﬂ | (. ﬂ - T TC-in hydraulic circuit

T ~_"
A
=
N

Fig. 5 Structure of hydraulic circuits and LU clutch of new 9AT
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F7 L — EFEB)§ BB OFE B MR E 2R S 528
ROEETH D, BEEM ) OREZ KT 5720,
Mg EE, LU EOW BETT o7,

LUBSIEM O% HIVEfeZ 1) 189570, MARERLD
TH-I S N7 ATFASLUFBIS LG S 2 16 2 o i 6 i
WL, TCIZHER SN DG HEN/2TC infi £ [ 225
D ATFZ LUBSEM B KG9 Al kg 1 1SS R L 72,

PEHTATIX, LUERN Y RSO EE ATy T 7 T%
FALURG & CTH o7z, FEI9ATTlE, EAMETCHN—
Ml A IICLUBE I M NN O LB CRf 2 521, LU
PR TR B IR O T E 23— LS ALUM ISR L 72
(Fig. 4, 5).
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3. HKEMR

3.0 BRI

BERDFT NIRRT 25 MBI RS, MV o %
B OMIRHRE21 7dBIZxF LT, 32dBOIR AN R 21552
EASTEz, THUCKY, LUKHGE L AT B M) 1
ICE Mk AZEHTE7 (Fig. 6) .

Lower LU speed
— (8004¢-1,200rpm)

Engine torque fluctuation
— 7\ —1
Attainment _—
of32dB L \ . \
ducti o
recue Ionf \( Existing torsional damper

i oo e

1,000 2,000 3,000
Engine speed [rpm]

Drive shaft torque fluctuation [dB]

Fig. 6 Effect of quietness improvement

‘©
® a Unequal surface pressure S X d
S E with existing structure \/\ nap ring side
£s %
52 @ e
S o -
o & A -B
L7, J— R— R
52 o900 E-g—'——! = %@

0 XXX F = B A ¥
§5 EE& &3 “®
5§ — , °-®
= & Innercircumference side Outer circumference side

Piston side

Friction material radius [mm] (engine side)

Fig. 7-1 Surface pressure distribution of friction material
with existing structure

O R AAAMMAAMAAMAL 4 B

-9

E. Engine side
(= .

,g 4 Cover side

3

2 M Center

=

& A Piston side

°

Inner circumference side Outer circumference side

Friction material surface pressure

Friction material radius [mm]

Fig. 7-2 Surface pressure distribution of friction material
with new 9AT
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WG 22 HORGR, 534 1dFig. 7-12>6Fig. 720 k&
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KK 5L A TE72 (Fig. 8) .

M A AR S oA R, ATFYEREZE DD Y, R v
THEEDSEIM T 250 FCTh, Yv ¥ FHFaxitRT7TATL.
1§ H2EATET (Fig. 9).

3.3 MEELL AT UMD

I B R Oy F SRR RN E L, RUT 2
FLFGEINRR, K OLUNE 2 W2 IS A A
bbbk, WENE:D. 22T, WENEHRT AL
ZHIIR T 27 22 EMNZECEL, LUERIZRERDOF
FHEMNCEE T 528 T, TCHOTFYRANR—= A% ML
L7z F72, b=Yar ¥y oL TIE, BRIV %
ZUF DB NAENEICEEL, #KATTREORIAES T
INAEAVEICELE § 52T, A MM R A
JE 3 B ARk 2 AT TETZ (Fig. 10).

l 46% reduction

Temperature rise[°C]

Existing 7AT New 9AT

Fig. 8 Effect of reducing friction material temperature

OK

Target

More AT speeds New 9AT
Change of AlF

Increased slipping

frequency due to

LU speed of 800 rpm

Exisling 7AT

Anti-shudder durability

Fig. 9 Effect of improving anti-shudder life
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Gear MID/B | L&R/B FR/B D/C H/C FWD/C

1 [ ) [ ] []

2 [ ) [ ) [ )

8 [ ] [ ] [ )

4 [) [ ) []

5 [ ) [ ] [ ]

6 [ ) [] []

7 [ ] [ ] [ )

8 [] [] [ ]

9 [ ] [ ) [ )

Fig. 2 Shift elements of the new 9AT

Target gear changes, but the next 6-5 downshift
cannot be initiated because the previous 7-6
downshift has not concluded yet.
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Fig. 3 Single transition shift patterns

Waveforms after improvement
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Time

— = = Vehicle speed resulting from 5-4 downshift

In a 7-6-5 downshift, the vehicle speed
for initiating the engine speed change in
the 6-5 downshift is the predicted speed.

Time

Fig. 4 Downshift during vehicle deceleration
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Fig. 5 Determination of transit gears
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Engine torque is

assist in raising turbine speed

Turbine speed ="

Engine torque increase

Engine torque /

Released clutch torque is controlled so

that driving force dos
than that before the

driving force with excellent response.

Accelerator pedal inputs® Fast and gentle pedal depression patterns

Accelerator pedal position
— Fast depression
Rate of change in
accelerator pedal position
Target gear
Number of transit gears to reach
the target gear is increased to
Current gear achieve fine-tuned driving force
(transit gears) that traces the driver’s demanded
driving force.
Number of transit gears to 6
reach the target gear is reduced 5
for a quick transition to the 4
driver’s demanded driving force.

Time

Accelerator pedal inputs® Curved and arch-shaped pedal depression patterns

Curved depression pattern \

Accelerator pedal position

Because of the large rate of change in the
pedal position in the first half, the number

‘ Arch-shaped depression pattern ‘

of transit gears to reach the target gear is
reduced for a quick transition to the

Rate of change in
accelerator pedal position

Target gear

Current gear
(transit gears)

N
~

driver’s d ded driving force. B

of the small rate of change in the pedal
position in the second half, the number of
transit gears to the target gear is increased
to achieve fine-tuned driving force that
traces the driver’s demanded driving force.

Because of the small rate of change in the
pedal position in the first half, the number
of transit gears to the target gear is
increased to achieve fine-tuned driving
force that traces the driver's demanded
driving force.

Because of the large rate of change in the
pedal position in the second half, the
number of transit gears to reach the target
gear is reduced for a quick transition to the
driver’s demanded driving force.

— .

Time

Fig. 6 Accelerator pedal inputs and transit gears

increased to

Engine torque reduction No engine

\

es not become smaller Reducing engine torque

shift, thus providing

torque control

With engine
torque control

provides linear driving force

Engine torque is increased to
assist in raising turbine speed

/
Turbine speed

Engine torque increase

Engine torque reduction

S

Engine torque

No engine
torque control

With engine
torque control

Reducing engine torque

provides linear driving force

Released clutch torque is increased at every

Driving force \i Driving force L repeated shift to provide linear driving force.
0 0
Non- During Non- During | Non- During Non-
shifting shifting shifting shifting shifting shifting shifting

> Time

Fig. 7 Provision of smooth driving force with excellent response
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Fig. 8 Provision of smooth, fine-tuned driving force
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Fig. 2 Lubrication system in control valve
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Fig. 4 Uncontrolled lubricant flow rate
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Table 1 Decision analysis results

Installation
of new sensor

Diversion of existing sensor to estimate
oil temp. at air-cooled oil cooler outlet

Proposal (1)

Proposal (2) Proposal (3)

Air-cooled oil
cooler outlet oil
temp. sensor

External air
temp. sensor

Engine intake air
temp. sensor

Accuracy O (@) A
Difficulty of control VAN X AN
Sensor installation rate X AN @)
Judgment No GO No GO GO
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start-stop system speed

—;~ Engine stop

=1

Fuel

injection 1
0 S—

Time

Newly developed
start-stop system

0 \ Engine stop

Fuel Area where fuel efficiency is superior to that
injection of conventional start-stop system

A AT

Fig. 1 Start-stop system timing chart
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Table 1 Specifications

Table 2 Comparison of conditions for activating start-stop system

Ttem Jatco CVT7 Jatco CVT-S
(Current small CVT) (New CVT) Jatco CVT7 Jatco CVT-S
Torque capacity (Nm) 98 100 (Current small CVT) (New CVT)
Control system : : Electronic — Vehicle spee d
Torque converter size (mm dia.) 185 =
Ratio coverage 73 6.0 [km/h] 13 or less 13 or less
Pulley ratio 2.200 - 0.550 2.411 - 0.404 Vehicle deceleration [-] 0.3G or less 0.3G or less
stc;zrs Fmai)lgear ratio — ?;;f 6.54 -7.756 Over 2.1
anetary N g . ..
1.000
gear nd 1.000 ' (@High gear .Of guxlhary
ratios Rev. 1714 0.952 Pulley ratio [-] transmission Over 1.5
Total low ratio 18.33 15.77
Weight (wet) (k) 65.0 60.8
Overall length (mm) 346 356
Distance between pulley shafts (mm) 147 — L
Activation of .
__ start-stop Engine stop Vehicle stop Engine start
<
Vehicle E —
speed = \
Jatco CVT7 Jatco CVT-S 01 L Strtsiopmode | —— /
. T - Time
Forward/reverse switchover mechanism }?ne:ggge &
positioned ahead of belt-pulley system P -
0
Pulley o S atio of CVT.S Time
ratio . i .

behind belt-pulley system
'.I|I £ J

! é“é e,

Fig. 2 Cross-sectional view of CVT7 and CVT-S

2. MRV ETEER

Jatco CVT7 (LLF CVT7)IZxiL, /N B8 Tl
P, etz n BT T YU — AL AT
AHCVT-SEFIFL7-.

2.1 EAFERACVT-SOBELET

BgE e T MIHOE, FEILE P 72 (Table 1) 7
CVTHEIR R 2 ML, R #REE 7 —) O%EBIE
ELCVTTIORE#E S, BFAERE P RICVTO LHIZ
PARDIOY a1k 8 RTIDEFR 3 AP S e
L7z (Fig. 2). B2, IAXPOHIIRD 22, BB ALK
TIIHCEWI AT AL,

2.2 {=E#iStart and stop system®i#E
S Hi i Start and stop system(Z XV, LUBEHE A i &

I

Total
ratio

7
I -

Lowest pulley ratio of CVT-S

Lowest pialley ratio of CVT7

7

Lowest total ratio of

Time

Lowest total ratio of C¥'T7 low gear of duxiliary transmission !

VT-S

Lowest total ratio of CYT7 high gear of: auxiliary transmission

0 Time

Fig. 3 Timing chart of the pulley ratio and through ratio of CVT7

and CVT-S
- Lowest pulley ratio
T X
s Lg:(;nc E Lowest pulley ratio of CVT7 in
P of CVT-S high gear of auxiliary tranmission
Matching point o Matching point
of CVT-S o of CVT7
. Y Coasting line
Matching point and coasting line
agree with lowest pulley ratio
v ¥
0%
Vehicle speed[km/h]
Fig. 4 Shift schedule of CVT-S and CVT7
NBERIIRC, T VU AN T T AHIETRE G ELH
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B2 F o TWARW2®, CVTTEDBREHETT—Y
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Activation of

\

>Start-stop mode

Engine stop

\

Vehicle stop

__, start-stop

=
Vehicle E —
speed =

0
Engine Ela

f=%
speed =

0
Pulley
ratio - L

o |

—
With Generate
ol hydraulic &
electric oil_pump [
pressure 3 =
0 Electronic oil pump®
Without Generate 5
electric oil_pump  hydraulic 5
pressure
0

owest pulley ratio of ¢

CVT-S without electric oil_pump
WAWENY before improvement measures

—

Time

.

Mechanical oil pump

Generate hydraulic pressure

Lowest pulley ra

With electric oil_pump

io of CVT7

Time

Mechanical oil pump

Time

Time

Fig. 5 Shift schedule timing chart of the belt-pulley system during vehicle deceleration

Table 3 Specifications of forward clutch

Jatco CVT7 Jatco CVT-S
(Current small CVT) (New CVT)
Volume of hydraulic
pressure chamber of
forward clutch [cc] 16.5 21.4
Activation of . .
start-stop Engine stop Engine start
Accel pedal / &
Brc:lfe I;:d:l g jrake on Accel on
e R
= c-acceleration response
= Accel off 3rake off
Vehicle E ~— Time
speed \
0 >Start-stop mode =,
G o
0
V4
Engine Ellmm
speed £
0
General‘e - Time
. hydraulic E Methanical oil pump
With o pressure 2 = Generate hydraulic pressure
electric oil_pump \ with electronic oil pump /
Elektric oil pump X
0
General‘e _ . . Time
hydraulic € Mcbhanical ol Insufficient hydraulic pEessure .
. pressure = _e anicat orf pump response without electric oil pump CVT7
Without = \
electric oil_pump =/
0
7—> Time

Slow hydraulic pressure response
by increasing chamber of clutch

Fig. 6 Timing chart of hydraulic pressure response
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3. BIEEEADBRZ

TR~ OB &, 7=V IAMEHES, Lows
YRFTRELEWIEE, TV UFRE, WERAEL A
RUADGENWTETH 5.

3. FEPOF-VERI FO—)LERES

7 =) A H i AME L B, Lowf'\*'\”ﬂji“ﬂ’)gé
I UZ RS, LAL, CVT-SIIZEE) A A VRS 793
TS, iEﬁEPc::L/y/#ZM7é‘ékiﬁ:fywz‘%)vﬂw
TS SRR G2, T —UIME DA R v,
ZORER, LowFVHETRE T LA HELL%5 (Fig. 5).

3.2 IO VBREIEDBELARIR
CVTSIIEEAANERY T2, TV VAT
HiZ, 7—=UEPLOMANEGEL, W R SMAED
AHZEE, CVTTENCVT-SD 7 ZyFMIEE DR 2— L3
KEVWDT(Table 3), Ty IV AHIEEIR, AHZHNFA
WARY T PHIlREEZ MG L 7 =) R E TIEIE 5ETD

K25 5< %% (Fig. 6) .

4. BIERMEREICEMUACV T

VT oMtk 5Z& THn#
Hik7-.

AE DHEPRIZEH BK

40 TP VPR My TENSBFIIC, Low#‘\"l:l:’\a‘""
FRNAEVEREZ PR 9 22512, HLM 235 B IS

Y HAZLowF VY HICE ML 2T X R 6%\, —‘EXE,‘JL,
Low¥ Y IICE® T 5 5121%, ¥hry)T—=)DM+EZ L
5, L, 794 T —VOMEE FIFRED Tk
BdHb, NIVMEEMN I HEBOMERD L, T4V T —
UOMFEIXR AL FIC TP EEH kR horz. 20k,
YA TN T =) OMERHEIR T B 212, LURER O HL# %
RHGEILL, To Vv R EISELI/IV T ELE L
ML, LU B A LVICH R 5L, HEEATKE
7Y, MWIFNFEH LWl # L 52 CLE (Fig. 7).
WA Y S BB, a—AMEE TP 7 (Fig. 8).

Low deceleration

Deceleration G[-]

i
LU clutch release at |
high vehicle speed— !}
H
H

High deceleration

Time_[sec]

-
~~o
-
-

0G line

= = <Low vehicle speed
e High vehicle speed

\‘\‘
—LU clutch release at

low vehicle speed

il Yy

Fig. 7 Simulation results for deceleration feeling by changing vehicle speed for LU clutch release

0G

Low deceleration

Deceleration G[-]

«—LU clutch release timing

- = High coasting line
——Mid coasting line

- - -Low coasting line

Fig.

High dgceleration

Need to change low coasting line from high
coasting line to improve deceleration feeling

Time [sec]

8 Simulation results for deceleration feeling by changing coasting line
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Activation of LU clutch release LU clutch release Vehicle
start-stop at high vehicle speed at low vehicle speed stop
Vehicle =
speed E \\
=00 - Start-stop mode
8 ' Engaged .
LU = gag Time
5
clutch 2 L Disengaged
B i -——
= Time
LU clutch release condition for high coasting line
----‘--------
\
Engine —
speed §~
= LU clutch release condition for low coastmg line
0 —
Time
Pulley — Matching point of lowest pulley ratio
ratio =
Lowest pulley ratio of CVT-S
’ I
-2
-
-
-
P -
-
=
Time

Fig. 9 Timing chart for changing LU clutch release condition to satisfy both deceleration feeling and shift control

Check valve %0)%:&% LU@EI@O)EL ﬁ:kﬂ—xl\‘ﬁi i(ﬁ F?kw

installation area

2N — VST 37 H R B K2R E H Sk 72 (Fig. 9).

4.2 AWV =V DIERICEDBELV AR ADEhE
IV VDR E) R, B OFEEE TR IR 524512
i, F=NEr Iy F OMEIZT Y VS0 8 N1 E (R E
KBHIONZ, FRAGMEE EASERITUI RO, L
L, TV EREIICAD = ANIANR Y T T ST
B, HEREICTRE SN TW AR — 2§52
THEDREENELD. ZTT, AH=HVAA IR
yrEaryha =NV T ORI, Wk a i Tl oS
WaR L7 (Fig. 10) Y. HiZ, F—)Dy—1) 71

K =254 7HFH LT
ZORER, CVTTIYKREL 7Ty F OIMERITHLTD
WV AR ZECVTTE S DL Lok RE 2 i O R 72,

Fig. 10 Hydraulic system layout

PR E TR VERE AN D EE R Z L SR B 2412, CVTD
BRIV = VEMELV AR A% YL, B2 HAEHE
HOWARWBEABEHCVTICBWTEB A A VR 7L
A5 HiHTStart and stop systemZ FEH L7z,
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6. ZEXE

(/I R#E, BIFH =, RERRE, mILEA, 35K
EEA PR ) ~NOVNCVTO RS, B
23201 94F 45 5 K 23 244 sl U 23 Gl T TP AR 4R, 3C
k% 520195286

(2) EIAZERF, BNFH  BHB)HE T HECVTO
BSE, HB) AT 2220 194F 5 5 K &3 24l il 1 &
HE T AR, SCHBRTE 720195285

(3)/NGRIE, KHE  EHB) AT BCVTO R E 1h)
B, 20194 HBYHELEAN X2 o RITA, KT
509-19, P45~49, 2019

B =5 i
i l l o i had
% FxRv W e M sERER BRI el ERR
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7O I o/ONDEMYE
~CVTA B8 HD:&

EFEH 35&» ﬂg‘

1l

1B

L=

ﬁEanLn
EHEIZID\T~
4 Fx PV g Hi

B &

FF U AIY T ayNO B UNBSIN 2 A L, — 5B AN =T TEHEIEN, MU Ay aryWIRMIGERS

b, WERPSFA N —F I TOMIRIEHEE L TE2D5,
AIVHZ
FMF:, BEERE RSOV THE 3 5.

7—7

B HMT5FHIEZONL. RTIE, ANV =S HIOADS BT TOM MR

LIS &R SNAE TS, v AIvyarNECF
BUBEEETFVONENE,

1. [ZC®IC

N7 A3y ay (LT ™M) D1l 85 T O A il E % fife
B 572012, TMb—Z VOIS EE 2 FEIZ, A NS>,
AN = HENNRFEO~ 7ukikita L T&/z Lol
WEORBELOMREHZL TWAIZDS T, gl
EOEREE ST VWBY =YD HEIEDN G HhoTE
TWa,

TMNDOZFRE DT A d B 2 1] LS8 57-0121%, <7
O HAR720 Tl 37 & 5 il O E & HE 1 3 B Ab %
Db, FEROWEEHEEIZINF 723G DO—2E LT, Fhin
~NOMEEE IR HEE, MEEL7-OTHE 3 5.

2. MRTME BB HBHETE SEH

FRTMELTIYhaDREN LB Tdh SJatco CVTS
(LLF evTe) Z# 2 L7z M MICVTOh Tthokd

Fig. 1 Flow of lubricant in a side view of the transmission

REHDSREREF RN EELIBHOVEDOTHS, /N1
I— O flEE L EE L7z W RELRDE I
IN) T =T ~\OWFMERTLEL, K EBNOFIF LA
ML T, Fig. INOBAUIITMMENTE A5 72805 o
TNERL TV, Fig. 172 HIEH M A RER L7200
Fig. 2Th%. ZNOHFEBEOEREIMORNZ T ANV Ph
R E CORME 70— TR T EFig. 3THY, i
SISO MO Z T IEL CTHE s aimpirzz. (i)
PR R L CEZHPATH B2, 4ok i PRI
(i) ~ (v) &L 7.

3. HEEMRDTFRTE

EE MR €2 1T 7200 %17 v ay TOMmE L&
dTZRD LT TR TROOND.

Q
GXyxC

dT

(1)

-

Variator

Qil cooler

U

Fig. 2 Lubricant passage of CVTS8

* L2y AT LS

YD BEL 2TV VAT AR
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ROOMSIIAONDEMERER I ~CVTH BB HRDEEHECDNT~

Section Lubricant flow
B | Oil pump |
) | Control valve |
(i)
p— | Oil cooler |
(i) | Control valve |
P | Case (next to oil pump) |
(i) | Oil pump cover |
- Case (oil pump cover exit)
(iv)
‘— | Case (before variator
lubrication)
(v)
L | Variator

ETMEL7z (Fig. 4). B2 R85 5 I LT A
HrLEZ T

L FEERASDIRE,

I Y PAURE L Y A2 S L B R 2

I MZZFNFINRDINEFZLT.

L FEBARDSDIRE,
FEBARDHEL DI T AN F =D nbbLEH#
Q = EnergyLoss (2)

RTM TSI BE D B D F AR I A A VR TS
T D, 7o, WMEKIITMNERZE-THY, iy
e s v avidnzo, FEHE D> SO R EIE
ek 7z

I 7S PRE L QR 75 12 KD R Bk
EE BN ORI THhHEE 2, HERLKOE
A TH HDittus-Boelterz\ (5) L EFL 72,

Fig. 3 Lubricant flow path and sectional divisions

dT : iR L&
G BT =
C T2

Q :fr#iiE

y AT

MR E2ATH 7201213 K17 a3 TR AW~
DARBEQE AL L L BN 5. +Z CTFig. 1, 201
AL R EELAA, A~ OfREGE %

From oil cooler

QI)

Control valve

QI)

Case (oil pump)

Q=Axhx(T;-T,) (3)
Nuxi

h==— 4)

Nu = 0.023 x Re®8 x pr04 (5)

A S PRE SR TR h B

Ts : P REIR S To : L

Nu : XtV A B R

d ER Re : LAV

Pr : 7SNV

Oil pump cover

Oil

Before variator
lubrication

Case (oil pump cover exit)

Fig. 4 Model of heat transfer to lubricant
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*oOOMSIHONDEERERR

Ft~CVTH BiBHDBEHREICDNT~

TMNFRIEAA VEEHRICED, AN F 72V
WOBRPLTREAL CTnb. ZO7OIMENBERIEE,
AW A& R AR E L7

FitogHZREMBEoLryar Tl TID, 71—
Mo/ To— & G F T O i 22 A b e 3 A LA
DG

4. IRELRER

Ui

FRZ T Je OV & BRI i 2 A7 il 224 L
EHEEE DB R T o7, TR, HEEHEED LK D

720, imEZEAL R DR FTHEFTA VKT DI, F

AN S AN W R R 2 RO BGEZ T 072, ods, A A
RV THBEIIF AR T O REE e M B F IS X
n5.

5. RFEHER

BHRMITBCT, HEMEEAEORAEIZLTIT
WK24TC, F¥H£1.0CTHorz. BELELIZHTHAVERY
TORBDKEL, FA NSRS THY, 7—
FHOARPSN) T =7 ETOREIRDEL R4 %
Fig. 5C/R9.

70
S
5 | &
o] ]
—
= 66 i
s
2.
g 64
8
% 62 5 =0 Estimated temp.
o]
g= S =0==Measured temp.
E 1
7 60
58
Cooler exit Case Case (oil pump)  Case (oil pump Case (before Variator
(next to oil pump) cover exit) variator
lubrication)
Fig. 5 Validation results
120
— Case (oil pump)
&
Ssj 1o X Case (oil pump cover exit)
= . L
5 100 X Case (before variator lubrication)
o
5 X
S 9%
<
© T KK X
60 L
60 70 80 90 100 110 120

Passage outer wall temperature [ C ]

Fig. 6 Comparison of passage outer wall temperature and oil pan lubricant temperature
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JOOMSIIAONDEMERERE

t~CVTH BB RDBEHREICDONT~

6. Z8

FERFE R LB MEE KT 5L, ERWEDD IR T
RAFD->TWBIEN L\, Bk L7 I I (ab
BIREUZ, B NEEDSmb A E A% . K (3) ~
(5) TREFBLTEAZERDOLEH OB T, WEERE (Ts)
AN SANRE [ —ERELTWA. 22T, g EE
L&A N SAMIROA B 2 MREL 72, ok
WHF 2\ KON BEIR BE A 5 35 2 &3l L 720
HVBETRE DM E 2 AT 072825, FA NS I E
[1]458% 2 & 0353 h>o7= (Fig. 6).

THEE PURE IR S (34 A VB FRIC DI L T W& T T
HAA N SIS IE W EE 2 > TV B EE 2 TWe2S,
FERTAA N SANRED BN ZE DD o7z TDHE
23X (1)~ (5)IZHTIZD, B L EIIRE T 5L
FNCORETHD, ZOIEHD, WREREEZM I E 3%
FTHIET, EORLMGEN EAKNDLA, Wit AdE~D
WHREZDEBIROE1ICORET o2 E LD, T2,
S DE%E 2 DEBHMES R $ IR R TIE Rz
D, NEENEOEFIIBIROFF TRV EHIRTL 7.

7. £EO

Bk, VTR TOIRMBE ML 72~ a2z i B HE
ERLTEA, A mE O L2 HII &R Ol
SENZINT 7R B D —2E LT, Ei g lARd s&
WHrailidfE g - MEEZ T 7.

FEHEMA~OIEZ T T VALL, MEEPEE L T2k %
ZETHILT, FH1CORETHEDAI LA HEIC
otz Tz, X, BRI EMMEAL T HILT, META) 21—

LOEMERIZ, FENIRHBHDERST.
RIGENDE 2 J7IECVTSFE B DLDTIE Rz, fill
TMAO L IE 2~ ] GE72E % 2 T 5.

e

FH O OKE 20l

1R
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HE LA /N— 0 £ — @ #iE T — ) OBz i

7T NS

B

Rig* WE aepmer
/J'\ = T v

K

B &

PERLY, MBS MO EEM 7 =TI, FmE KO0/ =7 FY — kiR E T O 2T oTE2A, 674

BHEFEHIRD72078—2 FX O JEL Z LI ALATZ.

AR TIEBE Y IaL—Yar 2L, 2RI M-V § 52 THRIEL AN =7 3 — K 7 —) &2 F bl 72

FATAFIZOWTHE T 5.

1. [FCBIC

AR, MBS AR (LLF CVT) CIRRERBER O 05
REANERE) E 7055 M E R OHIKAKDHINT
Wb, FIZT—=VIECVTICBW TEWEM TH 70, &
HHIR DR REHEELRETH 5.

PERB T S =7 FX B W7 —) & — R RE T
LHIETHRHBEIToTWAD, SNIES45HE )
WEHNE LRI L A 3—7 FX — R 7 —) 251t
L7=DT, ZONFITOWTHET 5.

2. N=OFVOEKRERERVIHETLE

2.1 R—=UF VY DEELEIE
IN=7 XX — KT —=)DHREFig. NIRRT .

Fig. 1 Integrated parking gear and fixed pulley half

N=2FXOREREIL, TN N—FPLYVIZTHIET
R=F U T R=IVDEIRAI—7 FXIIh ARG, B
DIy 7H3 B A>T S (Fig. 2) .

Fig. 313/ 8—7F X LD/X—=F L T R—V DI HAE VDK
ZRLTWA, ByZBEIZBW T/ =7 F Y ORI ERE /S —
FUTR=NVIEML TV Wz, BILTAIETER
BRI G- HZEATTES.

2.2 BRBEDAN=X A

Bl TP )L L H B aE L O 2H 0 5
(Fig. 4).

I USSR R TH LN LIS
LTHETHY, BRI CThHE72DRANEINITLK,
Tif AL SR FF Ay SRV BT, 7N O A A FD H3 AL
T 52O AHEIMEZHENIT AV IIH 5.

Parking pawl

Fig. 2 Pulley assembly

*EOEREANERE o VNI BET V=TS VAT ABSEE
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Parking awl

Parking gear
with bottomless teeth

Fig. 3 Parking gear and pawl engagement

Location of
5 underFII Material tends not
| Material flows easily 7 @ to flow upward

| because it flows in two | becauss flow stops

Y

| directions

g

at the outer

T i | .
op die | circumference

:%[ ot

Burr (unnecessary)

Bottom die

‘ Closed-die forgin, ‘

‘ Forging with burrs ‘

Fig. 4 Forging with burrs and closed-die forging

Shear

Heating of .

]q[ cutting ]‘[ steel ]‘[ i forglng]

Heat treatmen . Appearance]
[of raw matenal]q[ el ki ] [COId forglng] q[ inspection

Fig. 5 Pulley production processes

[Delivery of
steel

—77, BHHE TIE AL N RIZ A G D RO R AT
V72ONDFEERT, BRI LT BRI B 5.
ORI, #HIRETHIE T 27206 EA LA,
SRDOFINREEFED) AT D3 L23H ZERBIEEDML T 3
LIETHEARTHLRADFLELR T VEN) T A
N %, — I B SR O 5 A3 K0 #E By BE A o L
ETH5b.

23 N=0FVY—(T-VDITE

IN=7 X KT =)D PE T % Fig. SITRT .

AR AT IS TR R 7B PO A PR L, 24 8
EH I E DM A DI E T TV 5.

AL IR M SROE3 T, W1 TR TR
THRIEL T2 (Fig. 6). [ § & CIXBr A =3 O &
WllERE AR D=7 FX O RIE ATV, 6 1 E T
FIZT=IFYOLIERIT, EREICHTEZRIEL
TV,
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Volume ratio of the parking gear

Hot forging Cold forging
’ 1st process.ﬂ 2|nd .E)ioceis H 3|.rd F)r?ceslf ] ]
¥ | i 11! L | £ |

| ——
|

g

adikidlin
=2 L]l

Shaft extrusion
process

l‘.l__ﬂH” ‘II Iii il _':.i

Descaling
process ||

Fei

Finishing
process

Ironing in cold
forging process

Fig. 6 Role and geometry of each process in hot and cold
forging

Degree of forming difficulty benchmark for parking gear

» JATCO's
S new part
S
~
S
~. Co.B
~
~@.
ol
SS
~
~
~
Co.A S
° ~So JATCO’s
= ~ existing part
—g N3 gp
(73] I ~
40% 50% 80% T0% BO% 20% 100%

Parking gear outer diameter d/part outer diameter D

Fig. 7 Degree of forming difficulty of integrated parking gear
and fixed pulley half

Part outer diameter D

Parking gear oute
diameter d

convex part V1

Fig. 8 Parking gear geometry

24 N—OFY—@GT-VDOKFH#HSE
Fig. 713/ 3= FXY — K 7=V OIS EE R T
RER RS MEE S — 2 FX OIE L (d/D) 2R L, it
28— 27 FX AR (VI/(VI+V2)) 7R LTV 5 (Fig.
8). dDASKEVIZE, N—=rFXIIIMINfIE T L%
RL, AMEINCARY) 2= 2% fl 5§ A 0B LR, =7 F T
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Fig. 9 Integrated parking gear with bottomless teeth and
fixed pulley half

DORICATHEHLL RS, F72, VIDTKREWIZEN—IF XD
M DEDRKENZEEERLTBY, XDEIBIZHLL RS,
LR L7z L A2 83— 2 ¥ —4k7—1) (Fig. 9) 13, 3%
FIZBWTHMN IR F 22— LNV IR TH 572
D, WIEHES AL, BEEME, RS T 4%
DARREDHEIND.

AR TIEZOWBIRO WKL X/ 8—7F Y —K T =)D
TP T RITOWTIRE 5.

3. HBEDIIERF

30 8B&EDZalb— 3>

B 5 R O B RN TR TE R DA B o 7o — &%
o430 7% F T 5720124 R % F 13 (Finite Element
Method) ZFJHHL T 5. RN CTIEERZRIA, #EE
PEPEAREL, /8T A—=F LU CEEBAREL, MRS, 47
MR T VR X BRI DO T L RER R E T HTL
THIEYI2L—2arEiToT05.

B D& LR OERUZIRZE Jesd 24 b A e 13
WCRIEMTE, g 7u—, &I hAHY, Y3I2lb—a
YDIETEAFEAMENIEENIRTH S,

[ 5E M7 —) IR gE L, R, —2Fv, HasEo
ML L T OB WM TH 720, TIal—
TarE T Wi SR RERE T S, A#Y) e aRE
RCRAIROIES A IV TN RRHIET, =X XD
RARHIE 70— DM A5 LT 555055, MikHs
ST LB ENER M ADIEEL, WMEARERL720
SR E BV COEFICEHE LRI N THL. £
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Fig. 10 Results of defect analysis by simulation
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Fig. 11(a) Simulation results before corrective measure
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Fig. 11(b) Simulation results after corrective measure

Fig. 12 Parking gear underfill defect
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Fig. 13 Material flow with addition of small protrusion to
modify finishing die geometry

Protrusion shape
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Fig. 14 Simulation results following addition of protrusion to
finishing die
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Fig. 15 Parking gear after addition of small protrusion
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Fig. 4 Cause and effect diagram for improving cylindricity
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Fig. 5 Schematic diagram of cutting test

Table 1 Cutting conditions

Process Cutting speed Feed rate Toolin
Vc m/min fz mm/tooth 9

Drilling 311 0.025, 0.05, 0.1 Fig. 2(b)

Reaming 150 0.089 Fig. 2(c)
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Feed rate fz [mm/tooth]
Fig. 6 Results of cutting test
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Fig. 7 Cylindricity profile of pilot hole

0.2
=
3015 | o ‘
>~
€ : <
€ : :
N 01 |
% End
5005
I_%’_) Drilling
Start
0 1 1 1 1 1 1 1 1 1

Depth of spool hole

Fig. 8 Variable feed control of drilling
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Table 2 Improved specifications

Contents

Drill Reamer

Tool overhang length

1 30.2% shorter | | 35.9% shorter

Shank diameter

125.0% larger 112.5% larger
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| 28.6% shorter

Fit tolerance of shank and holder

H4 (holder)/js4 (shank)
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N
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Tool displacement & [um]

Measuring position
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Fig. 10 Measured bending stiffness of drill and holder
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Fig. 11 Chip collection jig
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Fig. 12 Chip collection results
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Table 3 Improved cutting conditions

Process Cutting speed Feed rate Toolin
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Drilling 31 (Variable feed control) and
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Fig. 15 Results of cutting test
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Pulled-out towing bar position | | Pushed-in towing bar position for downward slope travel

Retracted rubber pad

Braking by pressing the rubber pad against the wheel

(@) When traveling on a level surface

(b) When traveling on a downward slope

Fig. 2 Automatic braking system
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Casters raised off the floor

Cart hoist rollers

(b) With cart positioned on hoist rollers
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Fig. 4 System for raising the cart on a sloped floor
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AT, ShOEOREZHRT 270 HF2AI2=r—a L MEVAZ ORI R Z 6" % M HH THRA L7

[ RNV TR T 5.
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IR E - RO mE T B9, A -
FHIEDE XY 7 T4V k& O 72 A FEMNZIEMEIREL,
ZTNEMEREIZEBTHIEVNEELTHL. TDTTRDO—
&L TQFD (Quality Function Deployment: i & 5% i i
B &) FES— RIS TBY, 20oY—1Lo
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VYA THQARE IV LZLETIHE DM FIZEIFC&
72h%, W LAEPHR TRENETAEON %25 | Sk CEE,
BHVWOAI2=r—Yay ARFIED, BRI
RAENGZWZETHED AT 2H Vb o7z 72, W
FE B DA BN DIREE— BT R A%

{, HFEMEDEL TOHRICE o TR SE~ 74— F Ny
73 BRI R#D RS, BratSbE@RnEplrd
BT ATV,

CNSOEMIDTDIZ, WFDaIa=r—ay
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Fig. WCA32 = —arvOARRIZEV AL 723HED B
ZRT. COBITIIFEELIBMBEVAZELT, R&EHRA
TIMNVZIZEDIFFITE T E AL, ZNUTELFY
DREIEAZETFTHN Tz, BB EIIZOVAZEZR 1L 5
7o DT RA VM UTRE SR PO 3 S & RRAR L

Grain growth

Quality risks R&D

Manufacturing

Understood how
important grain
control is

High pressure
=Gear damage

(Supplier]

[JATCO]

-Inappropriate heat treatment pattern
+Poor control of metal structure

-Poor audit

4' Poor communication |

Fig. 1 Examples of issues due to poor communication
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Visualize progress of all quality risks

Process design Manufacturing
(Suppliers) (Suppliers)

FMEA Quality Agreement Process capability, etc.
Intentions/ assurance result
Concerns method,

Product design

Quality risk Intentions/

Concerns

Characteristics/  Agreement
Value result

Control points,
Control plan,
Communication Etc. Communication
Agreement Agreement

Fig. 2 Quality Design Sheet concept
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[= =0
Ao =

HOm L

720, mEEEIELQAEKDRWHAMA G DY, 1D
REICH G T 585 E2TT -7 (Fig. 3).
”)LT %ﬁf’&ﬂlﬁ“—fkaéﬁiLf@ﬁi‘QAi’%@ﬁEﬁ"
WL E R ETH L. B, N TOIREAIZ
QA?&(%EE&“Ji) ELTHAEFFRL TV 575,
SC3FDARE, WA an B R T 5.

nn’= anJriaw/L

4L\

3. MEBRFTEDHERK

B OITIZEIS, S, EESAN, BEOAT—Y
D), %ﬂ%h’i’?ﬂl—l‘lﬁ—%*ﬁ%ﬁ‘ WEORWEGEB
BRICBIEIT T 57200 EEHSTWS, Z2TIEAE
%73»‘:@i?&f&%ﬂ%%f:b’(b>Z>0)7b>7i'aEEEU3TZ>.

- >
—

3.1 ARMEBORENLMEE (Fig. 2 EimFR)
FTRTOFMITOWTHEYAZZ ML, #E Lo
FEEDPDVAZ I T 2B R iR, ZOHEEEZ
INUTHREX g 4. FREIX 513, QARRE,
QANFIE, —MefEtE D =B BRI 3 5.
INHONEE, Bl AT/CVTIZH § YR ZHED L
IV RBRRICH LD 0, FHEEFBE OBIX R S FH L R

* Old QA table

* Old

HAr i B fnE 3 5.

e 7 T & A RE B AR B O M AR A E T
2T\, RN TELEBCEETEIMEREHED
G B (Fig. 2 RFH )12 A V%2479,

A2
[FNTES

3.2 A ERTEBDMEZELZE (Fig. 2 PRER)

B OB B SFHOMmELZ T EEL:
%, TNLTNORME (QAKHE, #EQAKFIE, *ﬁxfﬁ?‘i)
WIRU - TR EE B e et 35, BHL%IEZ
NENDOFFEX IS THEL TN EAS, LR EE
O E T B EETH 720K XD B DR L 52>
720, BN TREVELLYA, R E~NT—
RN 2 %479,

INHOMGETERDIRT LT, T BELAELH
HIZDWTid, LHFMEAIZHRD AA, ARG W
SH L. Fo, BRI LR R IREE D i - WE )
FEOEH EORL VMR EL, TOEN, BLOEE
FIHZ RSB MEET 5.

B T E A AN 0% 2 A B LM T 5F
TH) T2 ATV, AR TEE R R I E X

ER (Fig. 2 R85 ) 1A %2479,

SRR O A

Quality Design Sheet

=

o

S ]
too mnmesmr ) ol
—

A: Risk
B: Characteristics/Value

C: Perspective for identifying characteristics

D: Agreement between R&D and production engineering
E: Document for manufacturing

F: Agreement between production engineering

G: Process capability

Fig. 3 Integration of QA table and Quality Design Sheet

1511



RERAEOEAICL S HAREDR £

3.3 BEEREDOMEIHLEE (Fig. 2 BIRAHE)

A FEHMIBEOBXRLBSFHORELZ G EE
L7:#, LHEFMEA%E QA ERME oKL, T/
FHECMERGURERFZOREOELSIELT).
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BBV EZTERT 5.
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W, FORE R SR RIS,

3.4 2—RL—MRERIEDBEDEE (Fig. 2 S EFH)

i R E V2B D0 E#ED B 720121, ek
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DEZENLETHS.
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W EDR A LA, FEE M TH BRI EEC
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Ara—2F5FT)—FF 5.

F7z, BSE, AN, BEEhEhoAT—Y TR
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a E AR TET W2, IBRFESF IR TETN LD
St CHER T AR FoZIE T, BN T M E
ZORAEL TV 5.

4. MR

mn R VA ZE T ) BB S 7-F B
DWTC, TENENDAT =TV TEDIHREIRBFHOHNT:
e BARRIZHE A3 5.
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EHI2UE, B E R T 75—t — VA B RENSD
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B DM LA ND LR o7z,

2 R3E - A ECKDA B O PR L RO

FEUETEHE - B - FEVEX S o B BT, B
B DA FEGAN I, BAEREANOMEI AT DIRED
PSS B B ICAT DN B LR o722 8IT XY, A ER
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KIS E LR IMETEL IR 7.

F72, BHIEERE O A EHA B R M B AT
ZhoOMHEoOFoOEREEERFEEITLIE
T, B OB ELEE 2374720, A RERAN SN, BX
OV 3 5280 C o0 PR 2 2 L A B B sk AT K0 i) |k
L7-.

ZOHEFELT, Yrha xFTattk (JATCO MEXICO
S.A.DE C.V.) DB ] L OB AZ RN 5.
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HERL, HEOI YT 5 TR B R S5 45 % i
JETE otz 6, EOIIBRIAIBELLDOP»—HT
BIBINL TNz, F2, SOVAZH— R4 BiFE—
FITHEICFREBAE, WO THIERTEALIIIL T &
DI RHENCLY, 44k B om B IR § 2 &k EL,
mmEbRE L FEL .

F7z, AUDWHEME DD DM A2 &R R OFRE M T
oL, TNEREIT D00 EEEENICOWT
AT HINR722L T, HE T ROBEE#RIHE-
7o, BIZE, 7aY 27 b OERBIIG U TEEZ NN Ty T
LTV ZET, HIEOFENHMEE LY, FHFHE, 4
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Part name . - .
No. | Model Number Quality characteristic Reason Possible defects
FIX PRIMARY | Slot contact angle ; Vehicle does not move
LoV 0° +0°/-0° Belt slip, roller wear forward and shift failure
FIX PRIMARY | Diameter of roller slot ; Vehicle does not move
2 T 3--- - @Omm +0/-O Belt slip, roller wear forward and shift failure
FIX PRIMARY | Sheave waveness Belt wear, sheave face wear .
3 CVT | 3l 0%, Opm = £0% and belt slip Vehicle dose not move
4 ovT FIX PRIMARY | Sheave roughness Belt wear,_sheave face wear Vehicle does not move
3--- - e]e) and belt slip
FIX PRIMARY | Sheave roughness Belt wear, sheave face wear .
5 CVT | 3l ] O min and belt slip Vehicle dose not move
FIX SECD Slot contact angle . Vehicle does not move
6 | OV |3 00° +0°/-0° Belt slip, roller wear forward and shift failure
7 ovT FIX SECD Diameter of roller slot Belt slip, roller wear Vehicle does not move
-------- @Omm +0/-O P forward and shift failure
FIX SECD Sheave waveness Belt wear, sheave face wear .
8 CvT | 07T 0%, Oum>+0% and belt slip Vehicle dose not move
FIX SECD Sheave roughness Belt wear, sheave face wear .
9 CvT [ 07T 00 and belt slip Vehicle dose not move
10 ovT FIX SECD Shea\{e roughness Belt wear,_sheave face wear Vehicle dose not move
3--- ----- O min and belt slip

Fig. 4 Quality risk card
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FTIAXRRICOBRL T\ 7275720, BRI E
RYUBELREMBINCFE L TWZEELTWA, T2, 3
ANEFICHI) ANDZE TN R ME Ei#kom Ex
BloTUWFETH 5.

6. £&o

MU ETlAR722590, s aatHIEE/ 20Dk L
POBE LI TEAL—=RIZDHY—VD—DTHY),
BH € - HEBE B - ED LB M OEEE LT 5
CETHEDON LEXALDOTHS.

ARiE et HZEH LU TR - AEZTo W58
2, VRSV TETEY, KRELRREEHTIE
MHTECVWAS, I—RL—MuERIERE T, MRS
EOERGBECHEDP T AELZBIZDLAADIE, %
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EHAR TOMinRIEBEITICES
himmERLEDF AL
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WLAE, HUIH T A B RO EREFEL DB IRBEOHF DL WEALIZIE 2 57201244 Y A3y v ar OB E 7V
ATNBHL 5T A, ZHUIE, Bl il B IO S 2 5 R L7 8 3 2T 1B 2 S EGED LA L 2L
%oTWA, Ll fERPHFHEA DT CEI R EITERR L7287 A Y a2 BRE AP OIS THEHF AT 5L
Vo2 R TIRTTS COW W BEMGEICRE B 25 0o TLE). ZD720, BT IVHA 7 VEEAD = — 156§
7D R AT RO ORI LEETH 5.

72, BERCHEL CHSE mA R 3241203, MEXHRLOD, BREKSEOEIIFIIKELNT Y AIvTar
DA 2§ BN E 2D, 2 D L\ B0 Fr B F4 HCB  Z H  SHERL, IR CBREE T o R
TR FTHER IV T S EMGEZ T REE L7, SOICEIT T — 42 H A TAIET, HOWLETRERY F2

I—2a lBITBNT YAy a It § ABRED WL E AWM D ik B B A D EREREL 72, ARTlE,
W coity B BT REE T A7) — b T Z OGBS B IO W TR T 5.

1. [FC®IC

WHETIE, =M F NIV AIY T ar OBIEEIBL
TS04EAy, BREARHE L TS mA SR Lt 5720
WA RO LHN TREEIT 2R L72bT VA
v varkBERPLIINS S CHERAELT>TE7.

AR, BT A BR RO EREFA ) A BRBEOH

General user

)

FLBLWEALIZIG R 57201244 D MV A3y v av o #l
mOET VANV EMEINT. ZUTE, fEkos
ZREDRWBEEAT LM Y A3y ar O RIIGRARIC LS
B FACITH T 25 B MGE 2 Mk e 3 5L b1, £
WA 7 VB LD = — X5 I 3 A7 DI R BB E
T8ROI ORI DS THY, BIRE74—F 3y
IHLFEL IS TETVD,

5 - 6 years

Highway Suburban
City Mountain
Market fleet

i

About 1 year

>
00000 miles

>
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Fig. 1 Market fleet overview
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BEE TOMSREMETICESTISMERIOREL

E5IZ, MESTIRHOMELN T REITREOZ LI
o TBEMIEEE T LEDN YAy T ar~DOERD 1
MoTETVE, INHORELRHIT L2612, T TR
PREEEAT L7209 v A3y ar a2t ko Tk X0 R Y
FAEAT, Y EMGER R L 2 81 h 7 =
B AT LHELL

2. M7 —MIERVETEY

T4 70— OBREL EAT G2 DU N IR R § 5.

W70 —MIBHE M A5y 712 XD 1H K500~
1,000km7ETT 2HTREHEITLIZN YAy gy
WS 2 ME ST 2T THo (BEHAS~64E TR
B3 2B AT IR EE A AR AR CHEAT %)

72, EBOBEROMEDON T LEBEZHBT5HIT,
FEATV— N T, BN E R, mdE s, LG E %
ERBRETHHICEST, THMERIELE L T EO R
bk’ (Fig. 1) (Table 1).

ESIGEFTHOHEENS Y A3y Y ar DTSR H RIS L
THMTTHHITEST, BRI EL T ahisi
BB ATIARG DO Z G ORGEETT).

PARNOIEL: St = 3 AW AL M EO M SN E M2 [
WL CHRIRAETT). 2 ORGF TR M oA 8
D EOFEG R EIRR O TFIRE 25238 WL
7oA, BTSSR L2 HE N U Ay v ar OTE ]
POENLORR LD ATIZFNT T 55T, HILOHELT
BEA W ORRGERC TR 1D 2 OTEEAT).

72, BATTARIA NP LD BERBTOEO B
P9 AIRHEA I FIPC, BEMN YAy arOERM»S
RIS T AT IREZ T § 2 TV A3y gy
b9 AR, ER LA OHRNI N $ AR A2 I
FB. 8 AIY Y a AT AR L TIE, BEMK
DATHIIEE DL NV EH D, BEAOBG CTHED WL
ND, RAOBR CUEDVULEDPLEERYV T HHET
BREMRZHETHT AR &I 7% 5 (Fig. 2) .

Table 1 Driving conditions

Vehicle Mini-vehicles ~ Ordinary passenger cars

Regions US & JPN

Routes City roac?s, Suburban roads, Highways,
Mountain roads, etc.

Mileage / time [High mileage that a customer accumulates in 5 or 6 years
is reached in about | year.
Vehicles are driven by professional staff to focus on the
Procedure .

ways of driving in the test arca

~

Driving
data

/ Fleet driving
Data logger

data

Automatic
analysis
system

Detection

Extraction of
corresponding

Judgment

@ Other issue

CVT issue

OK or
ot O

Not OK

OK

Data visual check

P

Known Known
or
Unknown,
Unkhown Settled issue
Unsettled issue /

Fig. 2 Driving information analysis method
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Automatic analysis results

Detected

Anlysis and acceptable data

/7/] Detected data

Visual check results

Acceptable
4,057

Visual check acceptable
£ Visual check unacceptable

Fig. 3 Automatic analysis results (example for one vehicle)

Analysis results for driver's

comments
[EERERET
[,
EErEEEE
Other is
39
I
S
A\
\:1.
5
] Other issue
CVT issue

Visual check results

%] Unsettled issue

Fig. 4 Analysis results for drivers’ comments (example for one vehicle)

3. MiHT7Y—bREHER

3.1 ETT—Y BB} AHER

FEATHICHUE LB E N v Ay Y ar o e BB 5
WY ATLIZED, bV AIvyar O FED JE KIZE )55
= B A NSOV TR e VSRRSO K % 115 C
F=EMM T 5. WICAZ Y 7 EAMIBEN 27 —F D
FERIZR AT IS Ko THEBICE A A IS A>T 2200
W3 5.

HiT - M - HEGEAT O & T BT I
TRHBE I EFEMIRNT 2AT o7 R, MY AIy T anil
¥ AmEAN AR RO o TwaRy, —6ITIE, HENR
Y AT DX TIEA RREITARBICEE A5 & F i
ADEEADD BT — 5 H3%4 000 S 7z28, GEA
FENTIZE > TR TITBW TN R WL DR IN TS
(Fig. 3).

3.2 RSANERDBERER
FEATTBRIAND LR FIFSN 7 BE RS OHED
ZENI T B5UTR B AT L72HE R, RHMoBI% T
WEPLELEINDLODIEE 57z, —FITIENT A3y
Ta il RERDOBED RN L o7 pile E A28 o7
bOD, FIANEDBZDOTNEDLE DR, WEOY
BORCHEHOBGE DA TH -7 (Fig. 4) .
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3.3 NERAEER Parts A @ Market fleet
KRB A 52 L B A ST Y ATy v av % ﬂ O General user
BT L2 B R E R HINC L B e m % __U NotOK {jpacceptable criferion.

(LB OREREAT o7, SIRSNIZE OB D

i %-ﬂe“«vm%%%ﬁﬁ%ﬁﬁ%cm<, NFUAIYEY % B0 ®g .S

DB IED BB B AL R X o7 (Fig. 5) . 00 o ® 0
7 BEHE T A2 S OSBRI LB, 65 0 2 B B, &o ®o e

(G138 2 S D FE I B Th R e S LIRS

%772 (Fig. 6) .

ﬂOK eo%o cc))

Amount of wear
[nm]

Mileage [km]

D EoFins, BEGEITHMZ MEEEELM VA Parts B @ Market fleet
YA OB RO S LR G IR E I THY, ik ° oo O General user
DKL B R F IR SN ofe B, FAER g oo 8 6%

GBS DR EATIC B Ch IO T I R R T X *§§ 0" 5® %4 ©
TWBIEDHGETET:. § g ﬂ o o !
5 OK 9
= " NotOK | Unaccentable criterion
4. FED ﬂ.

Mileage [km]
W7V —bDEAILEST, BEMDPOIT Y AIvTay

x2S % 7k KSR AE 3 A IRE [ 2 K RIS A0 CF,
WIHIIZNT Y A3 2 a Ak 25 i O RGEAT ] BE
Lotz

T/, EATHICHUR T AHLNT YAy v a s E A
HEMCHBY AT T 25E, FIANDSEOZEIIHN T 5
o2 3T T 2 LT, BN EO B WIS
i BUMERIES 720 HoO B 56 2 1% o0 i BUIRAIE ZE HE I 7 4 —
IN T HRHPTES .

Y EoFiprs, Z2TRALETE7)—MIh 5
R T 2B IR ICHER LT HEF A5,

Fig. 6 Precision measurement result
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JV/—=E88hEFR (7
XM3H Jatco CVT7 (JFO15E) O#BAN

20204E3 H S E TR GE 2 Ih o 72V ) — = R HBIE ORI [ XM3 ] 1ZJatco CVT7 JFO15E) DS s 7.
W) —=RBOEIMAR1.6VYMAREG T IV EMA DL EINIZIF0ISEIR, K77 ar R # RICEE T/ LI FH

Ny T OFFRISIZ, RIEZAE LGN IO EN 7R E et & iR s I 'L T 5.

$512, W —/HEDILHEE Architecture D F Bl #E Nz, BETT YO =— X% XML 7270 A4 —N—HO I+
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Table 1 Specifications of JFO1SE

Torque capacity 150 Nm
Torque converter size 205 mm
Pulley ratios 22-055
Auxiliary transmission gear Ist 1.821
ratios 2nd 1.000
Rev. 1.714

Ratio coverage 7.3
Final gear ratio 3.882
Selector positions P,R,N,D
+ Paddle shift mode

Overall length 334 mm
Weight (wet) 70.1 kg (2WD)

Renault Samsung XM3
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Table 1 Specifications of JFOISE

Torque capacity 150 Nm
Torque converter size 205 mm
Pulley ratios 22-055
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 5(P-R-N-D-L)
Overall length 342.1 mm
Weight (wet) 673 kg

Fig. 1 Main cross-sectional view

Nissan Magnite
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Table 1 Specifications of JFO16E

Torque capacity 250 Nm
Control system Electric
Torque converter size 236 mm
Pulley ratios 2.631-0.378
Ratio coverage 7.0
Reverse gear ratio 0.745
Final gear ratio 5.694
Number of selector 5(R+< N+« H—N —D/M)
positions + P Button
Overall length 362.3 mm
Weight (wet) 94.0 kg 2WD), 94.8 kg (4WD)

Fig. 1 Main cross-sectional view

Nissan Rogue
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Fig. 1 Main cross-sectional view

Table 1 Specifications of JFOISE

Torque capacity 156 Nm
Torque converter size 218 mm
Pulley ratios 22-055
Auxiliary transmission gear Ist 1.821
ratios 2nd 1.000
Rev. 1.714

Ratio coverage 7.3
Final gear ratio 3.882
Selector positions P,R,N,D
+ Manual mode

Overall length 3474 mm
Weight (wet) 70 kg

Changan EADO PLUS
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{ START )

h

sets a carburizing temperature

A J

sets the volume of the vacuum
carbunzing chamber

4

sets the volume in the package state
of the to-be-processed object

Y

sets the total surface area
of the to-be-processed object

h

sets the constant set for every carburizing gas

3

calculates the gas injection amount V

h

determines gas injection time and
gas injection stop time

controls the opening / closing the flow regulating
valve based on the determined gas injection
amount V and gas injection time

Fig.2
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