JATCO
TECHNICAL
REVIEW

No.22




=N

U3
)‘Iﬁi
il

ﬁﬁ@%,ﬂ:}:/ﬁ_/ {Xﬁ’é" ....................................................................................

B i 8 &

R T A RL Y HEICVTORHTE ovverr e
mA HEiE SR PR
N E NIRRT S
10 B2 o L 2 IO 7o VI @ g R Liile-Axle DR I A MW S AT LNDBHFE oooveveeeeeeeeee
EH AR
HE T T T T AT L BRI EFIFEDGNZR L, - veeovree e e,
HEE E - HhER
i s
A H ] 57 405 20 G2 FE G 2 MR S0 T ODREIFE - v eveemee e eme e e,
& FrEv E
2 A
& MR & fERE
Gl
HENHEH NS A3y & a YO/ N L2 ST 2 IERFR e IEIRDFEHE oo

REAR FRE e il
WA EK

DI S N G2 T Ty F T AF v iidh
Lt A e RO PP



SOEHY T — 2D T DV 2VEHEE LR R TR L2 AT Ty N A —LOKE - 37

JEGIRG Ak
ELEITE ELO IS VESE EI BT DRIFE «veoveoveomeomeeemoreereeeeeee oo, 42
AN

CVTHZ—Y auihn TICH 20 LHRHEO MBS MRIC K2 MR O AR - 48

AR ER MMy R
I s HiA s
P
H RS MRNTT T V)= G DEIFE oo 33
e B EHE T
Al%ﬂﬂb\fcé‘éﬁ;‘ﬁﬁﬁﬂﬂji ................................................................................. 57
mA EHh
DXHERE : F5E HASE 7T ZICIUFBEE T oo 61



(R 2y

H P B AI T SN FHTEAT JRTLLEDRE ST +oveeeeeerrrrmrerereeeen e, 66

HEEBEHEET 727 L7 ZHHAT JROTZEDFEST  +ovvvrereeerrrrrrrenammriieeaiiieeen, 67

RenaultifllFAustralff] Jatco CVT-X (JEO22E)ODFAST +--wevveeommeesmeeammeeseeaieaieeae, 68

YA = 21 E T OutlanderfflJatco CVT-X(JFO22E)DFEST  «vvevverveermemmeeimeaeeeiens 69

FFEE AT L F FJatco CVTS(JFOTEE) MRS ---ovveeveeemmeeseeaee e 70
5 57 18 v

FTTJZE SRS v evvvee e e e e e ettt 71



HROET L /N—NR B

fREHGHR AL e CEO  ffeil# IH

AR, HELOZEDOFEEHHEL 755> TV B LK E TWBDIEZFAIETFIES S5 H?

Ja MR S, HBRIEECRTEZ RIS, SURZLBIFSHESKIFIIE 25 (COP) T CO-:
PRI A GRS S N, S0 JeE RIS (A 4 Tx SRR ZA 75 hY 5 25 [E 3 ) O BRI AVEE A&
NTVWET. IMAT, YATFEY T L A\DEHMNEED, SDGs ITfRE XN B AR
N, AEREIC X THHFAATBREMBENERENZHOFIC/IRDDDH O XT. =
A ERINZE LR, o o )V ZABYYENDER L E Lz, TN X &Ik
A2V E— N OMFUL, IT OELZHLE L SN—F v )V EHRANL ZiEV, BEICHE
EISAETREDO TR TCZEI L7 L CHEEME R TEATEXDITECTHERT. gk
PRI ZATFEENEDEEBOHRTEC DX L. 51, BIRXRZTQIT7DUIIA
TR LD THICK LTEMEL, T3 F—08 W E0EFRMEE colEia L
THHFDAL T L ZERLTVET. VUCA DIHLESDONTALWTTA, mil
WEEARNCEE 2 R L W BRSO, KR TOHBZAEN TR RE L 75 -5
TWVWBXHIKLET.

HEL o O—F[], SHZOPHEITESEENI IO, EHMEETSHA
MFNTWET. BHEGRARARIIAZT &, 1T XREHMENIEEZ 5D TIERWN? 214k
M T UL, 2SOV T RS - 1 Z BT IS RO D TR R0 LA
HOZbZRZI LT LE ST R0nh? &.

COXSBHHEFOPT, VYV haRBSHEREMFEEZIZREL, #Hifcic T EET
EE VT OA[REMZILT 2] L WS R3— A%, REMEORE AL LTHITEL
7z, TR MEO AT Z RIS E LT, £z, 2z U2 bzhl0 Hid 7z
DO E LT, HOELDORICETFE N5 C Lix<, M5 NE a7z RlbdIcHE
BT, IV AN LEBNT 2 B ZEICT 5 2 & ¢, dADEE RIC
DV aofiifiize XD EEL THWEET B XS, RIEEENAYH S OLHIC
O TCAES51C, TUTMEOZLDORHICIEALZ bz I L ZHIEL T,




HRDODE L /=2 RE

T DIS—ISA =T =0T .

DV braF AL a—lE, SETER2ELEDET. HiERADHEL ET S
KB R IIOWEIRTIH, Mtk HERD AT/CVT Hftic hn 2 EBEMEHE A DX N\ &,
Z O OFHE PN ODH O ET. cOVYV AT Ea—&, [ECY T ¢
DA[REMZIETF D | Fiffim D EIF TVWEE T DT, tE&DEI FICE ZOE(EEIKT
TWieZirhud e k9.

oo, BHoORKERFENEFERICEEZZONETA. LA LZFOHRNZHET S
LIXTEET. HAUCHiDT, HEL, EERAZE S TH LWEIhZIERL, ZoHiT
MLWELCY 7 0 OROZHFICEHET 5.

TR EMBEATEL Y 7 OR[EEMZIET D] VS /3—/RADE &, IV a3z
ZEI LT TVWEET.

121



TR &

EHETA KLY

A A S PP

VIBICVTORE

d\gg Eg***

HVR 3 e

# &

MR 7 BRBEOH O CERIMEAO@EIE D4, CVTIid&EsiR ik, VA1 RL IR T V5.
DY ERIF RV AUIN—R, Fr—, aAY a—)LNL Tk ERECkEN RS ¥ S LRI, &S
FBENA A IVR Y TGS % Twin Oil Pump & A7 L7285 U CEshE O CVT ZRIFE LTz,

1. [TL®IC

H—ARr=Za— b IVERIICTEIES T RO
I#ELTWS. LML, WA Z R 7z R Vi) 8
WS T NI BICE, 727 THiEE TRk
FAREFENFT LT 2L, NBEEEOH & LIK
5ETHTH S8, TOhERA LIZHEARART
5B, KT, XA T 2—RLI
(LAF DST) L o@mWERtEZzRi>U A4 FL P TH
DEEhE % Jatco CVT-X(LL R CVT-X) O Hiffiic
DNTHITT 5.

2. CVT-X &

2.1 AEOa LT+

R EREE IO & U TR EERRKR T Y >
5 DST NDOZALMEE TV 5. D DST OEFARTFE
HEL AR AW ERT, EHETTRE K [HR(L 2 52
HEE3%4, ST—VDOLIA Ny Pz82 EL,
REn EDd, mEROEmWF 2 —2RKD MLy
CIERRE R Uz, I, BAxT7V 723>
KT A 7 LA & Hic, BIA A IVER T (UL
'~ ELOP) Z f}f Hd9 % Twin Oil Pump system & 3 %
HTRAHZ VA A IR T (LR MOP) 7% /N L
LA A2 KIS 5.

2.2 ;T - TEH

CVT-X M Ui Jatco CVT8( LR CVTS) 0 sk
Jt7% Table 1 12,79, CVIT-X & Fig. 1 ®@ O, FIZ
HEE IR VAR A — R TH O, FIL
T AVIN—R, FitEES T v F, WERFY, =V,
Fr—, 2 BT VIR E NS, £z Fig. 1
WRS EEFR I Fig. 2 ISR D, 30% DA HH
AR HZBL L, SR 90% BZ Z 3K L7z 95 T,
US comb. T 8% O HLHIMAZ: ] FICEHBAL T\ 5. &
T, BEROmMNS T A A/ w2 8.2
['Twin oil pump system | [Control valve] [ F)LZ7 0
N=2 ] T — )P ERIE Ny )V L— ] IZD
WTHITT 5.

IS AT LSRR S AT LT

i RSV N7 & AN 23

ek . 2w s g S LT



BEEETA KL P CVT o

Table 1 Major specifications

Iltem CVT-X (New CVT) CVT8 (Current CVT)
Torque capacity [Nm] 330 250 (mounted on previous 380
car model)
Torque Clutch / Qil flow route Multiplate / 3-way Single plate / 2-way —
converter Vibration damper With pendulum Long torsional Long torsional —
damper damper damper

Variator Chain Belt Chain

system (3307 pitch) (28-10 layers) (3008 pitch)
Ratio coverage 8.2 7.0 6.3

(2.95-0.36) (2.64 - 0.38) (2.43-0.38)

Gear ratios Final gear 57-6.0 48-64 47-58
Reverse gear 0.75 0.75 0.75

Size [mm] QOverall length 381 | 408 345 356
Distance between prim.- 180 173 173
sec. pulley shafts

Qil pressure Mechanical oil pump 12.7 cclrev 14 cclrev 18 cclrev

control Electric oil pump 400 W 30 W (for stop-start) -

Other Shift-by-wire @] Q -
AT-CU Integrated with case Separately mounted —

(engine compartment)

Variator system: For attaining ratio coverage of 8.2
O Short-pitch chain
O Thinner pulley shafts

Torque convertor:
For improving rotational speed
difference control
O Multiplate LU clutch
O Closed circuit LU pressure
0O Pendulum vibration damper

Other measures:

For reducing friction
O Resin baffle plates with rubber seal
O Clutch friction reduction

Qil pressure control: For reducing pump energy loss
O Mechanical oil pump + electric oil pump
O Oil strainer with improved
contamination trapping efficiency

Other measures
O Integrated AT-CU

Fig. 1 Cross-sectional view and major technologies

8% improvement over previous model

E 5 (@US city/highway combined mode)

€ - Qthar
Reduction of oil Reduction of TG Tll;ansition
churning energy launch acceleration | P"'25¢
O Inss 1035 improvement
a =

Expanded ratio
coverage (8.2)

C
Chain Clutch friction
reduction
Downsizing of

mechanical OP

(combined use of

electric OP)

Mechanical less reduction (-30%)
= Transmission efficiency over 90%

Fig. 2 Breakdown of 8% fuel economy improvement
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Z T —V e EE A 37mm L E (210 <= 173mm) JIi
KWDAFETH%. CVT-X Tld CVT8 ITH L, Fig 41
RTEOF 2—2%a— by FLTBETIS%
D/NREEN 2B T B LI, REMTIE
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R—ZENREL LI F AN w82 BHEBILT.

3.2 Twin oil pump system
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IHORRIE FNZSHD I KR L 75 % o —
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LA AZERESEZezarw M9 %.
CVT-X Tl&, MOP OATETCOHmZMGd 28555
I LAY 30% MOP Z2/NRE L, 5.4% D X 7311 2K
AUz,

5

Primary Secondary
| !

For ratio coverage
of 8.2 with the
same small wrap-
around diameter
as the CVT8

Fig. 3 Comparison of distance between pulley shafts based
on wrap-around diameter

Short pitch Normal pitch

30 mm

33 mm

Fig. 4 Pitch comparison for 'preVious and new chains

ELOP suppl MOP supiply
region region
e ® Kick-do
Sudden
9 / deceF atj
m e
| /
g /. 'Suburban roat
s |/Stc p-ste City
coasti Highway
Stopf-start
ENG Speed )

Fig. 5 Twin oil pump system concept
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f [ € Down Shift Z25¢ ¥ £ 5. Tt b5id Fig. 7
DEALFv— N TRIED, 77V,
TaH S5 22 eI ELOP OB H Z2 @ L, MOP @
B TCRHER B T E B &M L 72K 55T ELOP
2 F 1L EE BB T, BIHE S Minimize {E LTV 5.

Fig. 6 Twin oil pump system layout

Kick-down acceleration

Accelerator i
Pedal Position t

Vehicle Speed i | Quick low shift //

ELOP ON/OFF g OFF

r
Target
ELOQP Speed ’ Actual ELOP Speed \
M+ELOP Flow Rate \/
Required Flovf Suspended due to trigger for

reducing required flow rate

JARN

CVT Ratio _//(J

Fig. 7 ELOP time chart
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3.3 Control valve

PRECIA I & 3 22 58 EE R O #4312 1&, Control
valve DV — 7 M IHE R EZ IR T 2 08N H 5.
CVI-X TlEART 1 « AT —)IVEEcOmEEIC KD
REMITHBNT, 10%DY — 7 BRI AHZEL /=,
K7z, Fig 8l d 3@ O FEICBED B AR— M A DH
SOMTZRHATZ2HICKDRT 4« AT —)LDT
TRINT Y FOBEHMNRYS LI 0K Z A % 3%
GIFIRE L In o7z, EHIKRT A ANDNA ) OV
MRS K B i EEFEYEM FIC K> TR T — )V DBHI
ERREE N T 200 U, 3l AR P AT RS B A8 1)
EU7. 2R, ZEMEIEEO L —RA T
Ze HHTCfENT S 2 E Al HE & 72 O T A EE
KHELTW5S.

nd i
FB 2 solen0|g._ PL TC

-
X : ' g ‘ z 3
l ll.l-l.l El_tlll-ll."klhi:'
| i I : :

Solenoid signal pressure

Fig. 8 Control valve (pressure regulator valve)

3.4 ML OIN—4
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up(LAFLU) 75w FHikSIC K OInET 5. EXELS)
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TIvFDRIVIREEIINTG VAT LZREND
v, CVT-X TlE, LU 7 F v F MV IEZEOIEE i
[Eam L858 & LT, Fig 9IcoRdRRIC, LU
M ZRE L. CTHUCKDHEZRERY 2 — L4
2 58% HIlpk L, LU Z v FIC KB ENG & X —E
OFEMfrDOa Y ha—)VEzEm I, Nz Tc
D ZEmGEHIE X LU 27 2y FOFEENC X O FEEAT
5%, LUZZwvFORKDHELZD. £ T
CVT-X Ti& Fig. 9IRS RRICER Y T v F 28T
BT, LUZ Ty FEEMOMEEZ 56% N, P&
A L AR 2R, RERISAKEH R D A
TIHE L T2 FE5E SLIP #ilf# 7% Fig. 10 IC/:93@ D,
PRI THMET 2 L xnfeb Lz, TNHHEHES
AT LOEHEICKXD, 1.3% OBRE M 2B L Ty
5.



BEEETA KL P CVT o

Fig. 9 3-way oil flow route of torque converter

CVT8

LU ON

OFF

Slip
Control

Accelerator pedal angle
Accelerator pedal angle

Vehicle speed Vehicle speed

Fig. 10 Slip control region at vehicle launch

F 7z, CVT-X Tld 3% fE DST & DA EGDLE T A
VI T, KEBIKICIES NV T EEEE O
K E UT, Fig 1R ERICR Y T 25 LR
ERUINERHLE. COXRYT 25 LEEANER
NG BV EFEERERIC G DY, RO TFOFEET
RAZWAAHICFE S SR E N 285 MIETH O,
BEREEINC K2 LA 7Y MILEKZEIRIT 54, 2K
75w FTCREEHNLDD, WEANC YT 25 L
B HAGDEZHT, MV IEERBRMHEHEL,
PEEZE I Linna 87 v L A7 R EED
IAATE.

Main damper
+ Inner damper Outer damper

Pendulum damper

Fig. 11 Pendulum vibration damper

3.5 U—LftERENNY IILTL—+

CVT N Tib KEL, I MERICAIiE 9 % DIFF F
YiZ, WAREHEL, XA RELOEKE RS> TW
. TDH, kM SINY TV L— R,
@ DIFF FVYZENDOMAZIHI L T3, CVT-X Tl
5% A A v 2K D 4, Fig 12 ISR @ED /Ny 7
WL — MLy — )Y, RilZza3THT
HOFAZIHI L, #EIP PR T T 5 HET5.1%
DA A ZEZHKH Lz, £y 7L L—k
R & 3 % THY 300g ORRE(E A ER L /.

Housing-side battle plate
=~ (with circumference rubber seal)

Chain cover o
(with circumference rubber seal)

Fig. 12 Baffle plate

4. FED

FA CVT-X X R SO SR 2 B 9 % C
Lix, LA ANy Y82 EER L. HIC US
comb. [REEMRA MWW=y k71U
a2 30% KK, 1REERNER 90% DEEZ B Z, CVT
& LT US comb. T 8% OH AL M FICEHBRL, =
PECVT & U T ORIGE(L R IF T2 58k CVT & 75 -
7z.
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5. BEXM
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Output shaft

Output shaft

LH bearing - o

2. 1#e-Axle DIBELHBL AT A

2.1 18 e-Axle DHEE

1 #ifi e-Axle D #§3di % Fig. 1 179, 1 il e-Axle I&
JHOH BRI E M H R 2 W TCHs D, BE— X DElR
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Planetary
gear set

RH drive shaft

Output shaft
LH oil seal

LH rotor EPw s / 1 C D
oil seal

E-Motor hollow shaft

Jp= N
. =
v LIS A 3
I LT85

=~ )7 RH drive shaft

oil seal

. Sy RH rotor
W= oil seal

Fig. 1 1-axis e-Axle structure
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Fig. 2 I F A )V v v Fhiid %z H 7z i D
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HchiliE Lzt A I)VF v v FCTHitET 5. 1L
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Revolution Oil flow

direction

Oil catch

Oil bath

Qil flow

0il flow for LH bearings

for planetary gears

Fig. 2 Lubrication system for 1-axis e-Axle
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2.2.2 HERBEHBEOMHE

PR HEBEIIE A F YR LS8
FYOEDOENIETS. Fig 3 lomd k31, {KE
BRFICE = U FV R T 2 XS4 VL)L
EREL, WML A FYOHERIC X D ilEE
FYDOEYEHOICA AN ZHE LT & Tl dE
HEfiE cE S LS I L.

Revolution
direction

Rotation
direction

Oil bath

Fig. 3 Oil flow under low speed
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SO BEHPOICEREL A Vi, ZmOoic X
OBy e TR [ VARN (VS he g e

Revolution Oil flow

direction

Oil catch

Rotation
direction

Oil bath

Fig. 4 Oil flow under high speed
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2.2.3 LHEhZ2DHE
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0il flow Oil catch

Qil bath

Fig. 5 Oil flow for LH bearing
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1 111

Hl o (il catch

Y

Fig. 7 Oil flow visualization test
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—8—Total lubrication volume

E —a— Lube from oil catch

> - - Lube by rotation of pinion gear

o

o ——— —9

E

=

S

c

5 OK

=

1]

U

E ' Required lube vol.

= fe s eSS ESsf==s====—===============2
T B

Motor Speed [rpm]

Fig. 8 Results of planetary gear lubrication volume
measurement
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Ry, HEEICEHNA A IVLNIVAME RS % C
LR CTE .

Oil Level [mm)]
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Motor Speed [rpm]

Fig. 9 Results of gearbox oil level measurement

Fig. 10 1C 1 #if e-Axle & fiE 2K @ 3 ififi e-Axle O i #
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A IVEEFHRPUKIR O, BRI W Az 7%
fEAH U7Zxw 1 il e-Axle OS2z i85 1 K 2 BAKIE AKX
JRDNHIT K O, 3l X A T ORGHEBEIC K LT~V
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Fig. 10 Gearbox friction loss
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4. FEOD

Wz 52t AR 2 FH U 72 1 il e-Axle ICBWWT, A A
WRY TRy v )V IS DR Y AT I
R Lz, 2=y FAOX A IVREN ERiEE L,
M PERE & S IRHTOR Iz WL T, KT X R
HIEEhR 1 il e-Axle 2 5EEH L 7=,

5. BEXM

(1) EJEAE,  BINFR, ROLATE | 5252 ok LRSS 72

FH W 7z /N = 2 2R 1 il e-Axle, JATCO Technical
Review No.21, pp.3-6 ,2022
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¥ &

WA, NU—bLA>a=y FOBBEUBZERT S EARDENTE D, TV ka2 Tik Model Based
Systems Engineering IZ X 2 ¥ 702 XD iz td T 5. EHfin!hD HEZ#E K S % 72D DBIFEICBWNT,
FIR O AN X 2R ORI LB S i T 5D, Model Based Systems Engineering O 7% i KFRIC
T B/, AT LKRCY TV AT LOKRGHHIERE THREORWETIVIC K 2REH2H28d 5 &0
ELTIR D, FE, FIRETIVHRE T O AZE AT % C & THIMERFEOR RN LI D&RIF . AT

TDOHRPIZHRET 5.

1. [ZL®IC

4 TlX, Model Based Systems Engineering (4
T MBSE) IX9 % katE OFEAMEN M EL, EF
IWOIERMEE A 7 &°C, &at « alfF - EEoY 1
ZIVOORLZ#DS LTE k.

ETIVOIERHEEEZE, RV XNy 7o
VAT LY T VAT LSS ORGHEE &N o
@ HILS(Hardware In the Loop System) <503 % {3t
U7 MGEREIIC £ C, BAFE V 7 1 2 R DML
PHCIEH SN T &7z (Fig 1).

BrFE R L DR 72 I KBRIC T Fi 9 B 72 i,
SRICIS U7z KSR & ¥R b T T IV
DRV ETH 5.

AREE T, ETIVHE T O XA ZHRICED I
F, BETIVEEEROSNFR E BT IVIEE Z2m) | U 72HL
DI DVTIRT .

O Requirements () Models
System Test vehicle
Q O:O ‘ %
G, Sub-systems VRS §
® OZ0 OF0 W
Components o Hus

Fig. 1 Model application to V-shaped development process

2. BELERARICB A ETILERE

AP, HlOIMEeH P T ZEY] D B A KB
WTRFIANICE > TRRED IRV IEREZ BT 5
THDIEETH O, 2=y FOREMEZRD S
THELSHRFIITEHHTH S.

FEEL P ST S B 72 8 OGRS E, Bl D ETT
BRES, HEREE, RO A NBIEOHAESHLE TEZH
FAET B b, EFIVTHEEEDOREHZFHET
B 7=IE, @RS CIAEPICHET Rk S ' T IV
ARG R AE & T N5 (Fig. 2).

Driving Vehicle speed Driver’s
environment condition @ operations 8
Accelerator |

gradient pedal angle

1. ¥
!

Ambient '
temperature ] |

Selector lever
position

Fig. 2 Combinations of driving conditions

LML, TEROETIVHEEE & REHER CTIEREHE
JEM T EIEBR 59, BRI CTREET O RRZ B
FAEL TV

PURICZ DT T IVERREA 1R T,

OV RO ZUIZTY VT (BR) BT AT LRSS

A R— g VEANBTEES

o IR S AT L FHFET
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HEBEETIL7OEVRIZLZEGERFEO=RL

21 ETILEEIHOEM

CNETOETIVEEEIR, HEIESEM T &ICFH
UTeRERASIR EFFEOMEIC/Rs L ZHIEL, &
ZMHICHFCETIVELTE S NS, B—ET
J)UTCTHRETHI R 2 i <, PERE Tl L 7o W iR
PEPPERENZIFEET VORI LT Tz
(Table 1).

Table 1 Modelling according to driving conditions

Vehicle speed condition

Stationary |Accelerating |Decelerating

Accelerator | Larze hode! &
pedal angle | Spvall - Model B :
=t hode! O . hiodel O
Braking force i = =

‘Wealk - . Iodel E
Selector O Maodel F .
lever position = hodel S

ET )V 2GR U 7TcREEHRET O THE s 1 D28
BESOBREIE NN FEAE L7256, BT VRS 8T A —
ZOBIENREE IR S.

FOEBIEZZFNTNOETIVICHRET %728, T
TIVOHEIN & ST HEH O T K L > Tz,

Tz, BHENMERZHEETIBRICIEET VRS &
AT DT U 72 G AME A A+ 72 1 O R
ICEEFE>THBOHNTHALENTW RS .

ZFDIS, ETIVHEROHIHPRETENLED S /-
NIRRT A— R DB IRERFMANS 2 NI & X
DOEMNEHEL, HWRAFIIROMERE /ST A—X
DL L 73 2SR DR S D e I O B IR
MFRAEL, THIROBUFICRERID D > Tz,

ZORER, ETIVHEDTZDD THMNRNEL, &
FHARGTRFIC AR ET IV IR L EN TV
Moz,

22RETIVERIZCK PRFBEDET
ETIVORBEZHLET S 72DI1lE, ETIVDINT
A—ZIERZHYNCRE L THE LI DELRD S, /8T
A — XSO IE RN AR HILIRGE, e ERE &
EEETEMNETL, BIFOMEI IR TELT 5.
C T THEARNCHE > 7o RS I K O WERR DR
RN FEEL, MGHE X RV T A= EET
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ETIVHIFIES B C & T, HEMEEDOK FIC DA -5
TWrz.

THIC, TNETOETIVEETIVERERDZTN
TNOEEHEMDMEBITER L TH D, &atE M4 D
W CTETIVERCIEH L TCER. Z0C & THF!
I YY) 7R E TV OIFAED GRS, RSN REL
T2 BTIVIEHIC X 2 E MG & > Tz,

D EOGRERRIRT 572812, @k TRk
ETIVRERO Ot ABEAT L & & L.

3. EBEFILTaEROaVET H

CTTCETIVDHOMNIZICDODNTEZS L, T
WD INT A — 2SR Y O 28 72 T8 C & 5 il
PHOOEIRSEMETH UL, BT IV R I TR
MAlEETdH 5.

UL, TNETREHETLICHITITHEZLIDE
TIWEREEL T, HOEWETIE AT

ETINWNEY AT LR TEMRNICHE L, MET
XD Z LT IZN SRS & TET IV
e T B TEOIRIRAIHAZ 5.

ETIVHEIPHZ AT 2 2 LI K D EMERENIEZ S
728, THNE THEHRE D > BRSO L KIC
DIEMN0, IR RAROREHREE N LIk 5 &
EZ, ETIVEEROHELNEmE e Uiz (Fig. 3).

T DETIVEHEET )V EABE DT, HEigEoR
FEARTHEH LTV T iz

Wide New unit
"f “ll
o { \model ) |
=} b S
g New process
= Existing unit
ﬂ- "" O
Q E \
@ { '
Narrow | 7
Few Many

Number of models

Fig. 3 Direction for model construction



HEBEETIL7OERIZLZEGERFEO=RL

BHFEDHETTIC > TRETOREMIE X &S £ O, MEt
KM DEFERINT A—ZDELNE 5728, €T
JURE SR X B R TG 1% DR S B 0§ 7z 7 St D B
REZFRLLETIVCKME Y, MEZED T
BN 5. RetFIXEFINIZTTIVCREHRGIL,
BIFDOT RO ZHS LTV T ENEETH 5.

C DIEFETIVOIEH L EH O A 7 )L 725231
WKITS ez Takv X e LTEBET I T 0
Y AL Tz,

CNZRBIT 2 72 O BARMZHL D f P 72 R EIC
IRT.

4, EBRETFIITORERICAITAE

A ETILOEELRICLSZFEERL

Hireroarter ML, SOEE SRV
MWL T 5ETIVTHS.

T DETIVIFEREHRFHT IS U T A1 DIRE £
MWEYERIFICHEHEINS Z EAWHTH S0,
FUCRHE IR TEZ L ~N)VEEF LT (Table 2).

COELEEIIC, MEITAHMEMNET IVEZFEEL,
AE U TW B EATEF 72 IR 2 s U 7z,

Table 2 Definitions of model elements

LV.1 LV.2 LV.3
Model Linear Nonlinear -
Nonlinear elements
scope elements elements
Map fundam. egs. fundam. egs. + characteristics

Hydraulic Pressure +Pressure loss in passages

pressure Transfer function -Qil leakage amount

elements P(s5)=G(5)-Q(s) -Lack of balance in oil supply volumes
Hydraulic coupling +Damping coef.
Launch o .
Torque transmission eq. -Volume transient change
elements 2
T=r -Ne +Pressure response/balance
[Fems IRl Clutches . e
reverse L +Vehicle sensitivity
Torque transmission eq.
changeover T-p-R-F +Pressure response/balance
elements

RS ANOERICISCTEZ R SEETES C
& C, HOZEMERECRTRRAEY] D B X I D EER 2
M EEE25 T NSRS,

COXSIE, a=v FOMEIEREICKRE L FE
T ZOMNEEETHO, HEAWICET VR L.
TOWNEZLLNTRY.

MWES AT L&, OV T EEMEIREIR O
BTHIENTWS. ETI)VICERT NEIEIPE
R, MBSO D LD IC KB ETHEK, g,
5OMHRT, HEANEFG T SRR TH 5.

PERIFIERIE B 2 3 (E 1 BTV b T % IRk 75 5L
HENED LN TWEh > 7.

ZENE TN K TOMMERGT & FERIC X 5 REERRIZ
Eh L, KGR B Z 35S0 €T Ik
THILT, AOHEZRLEANS, A EIRGE
A2 BT IR DNET IV EREER U 7 (Fig. 4).

Bend angle [8] Modeling scope $1
Large -

==\
small X

Acute angle Bend angle
Obtuse angle [6]

Criterion

Pressure loss
/ i
4
L= a
~

Fig. 4 Standardization of hydraulic pressure model

A OBRIENC K 2 O TR IT 03I 3 E £ 3 2 1
EICHBONTIE, MHEXL THIT 27O 3D FiAE
Wrzdehm L, Rprhfiiz (EmE 87z (Fig. 5).

155 NI IEREE R ORI EZ > A 7 LN 421k 1D
ETIVIC M UFSEE A I BT 7.

Oil leakage
—
o "
- &=
o Ir
3
% ® Fluid
1 - =
Pressure loss High )
-20°C
8 a
g 0°C
4 o
g 50°C
120°C
Low
-_ i Small Flow rate Large

Fig. 5 Characteristics obtained by 3D CFD simulation

4.2 EBETILTOVRIZKDETIVEEITHHELR

2.1 BTN EMRUNEERFICFE A 9 % N 2 A9
B1=HIE, ETIVDIST A— R ERERGIT RN
T REND S, Z T THRBETIVICRESINT
WBINTA—=22TZYIYARMEL, —DDEMT +—
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< h2ED L.
ETIVERZ I DT +—< v MTETIVOREK
FERONT A— 2GR T 22 & T, &
AR E T IVICR B EHZ R LT < ko .
AT EZ ST A—RDEHND - I25HE, ZD
S ZE FAANIC AT 5 2 & T, WHTOMWEDE
L EIFE DOz D LRI G EsE 2l ge & L
7=.
CTNSDITERNPENERITISZ T LI EZITT 57k
DT, ETIVICHEHDZHFEE ORI L ZIFETNE
R o2 X2 ONAZIHIEIC LT (Fig. 6).

T DOREET IV AL B 5 fklimc etk
A LT et XA EZBE Ty 7 i
AL

Design report
* Required model accuracy #*
* Previously used models
- Parameter changes

Model warranty document
* Model accuracy
* Model changes

Model
designer '
Model design documents

* Model definition
* Parameter list

System
designer

Parts requirements

W Parts characteristics
Model

builder

’ Core \ Model release
el

Fig. 6 Core model process

Parts designer
parts Tester

5, ERETILIOLRBAOIE

HEL AR T B 2Dy MMEREX, YT v
FIC K BHREOYI D F X, heHIic A Eix 7 —1)
DZH, BV AIN=ZDTay 77w TERBHD,
FTNFNICOWTEBET IV T LETIVEGH
i L7z,

FRCRER DBAFE CHRINCRFZHMIEE L T
A HEY] 0 B Z RO MEREIC DWT, HAMWICET IV
ZIEHAL T T ke L, ZOHE[ZLFITRT.

BIfEHEY] O 2 A RFDPEREE, L 7 M EEERL S
2 ANXICEREN I FRET B ETORR (LR Z7)
L, 7w FRRERFICEIT % MV EEIO DD
ETHMG L CHD, L —FRATERICH S W57
FEIRFICIRINTG % C EAROBEN TN S.

Z DN ZERRIT B I2DIciX, 7Ty FORERS
L RSRE 2 FiD ¥ A b OB EE & FifEEFO L

227 TS 208D S.
FITNDEHFENEOERE UTHBEEO/ (LUF 4
V74 X)WHD, EXANEBEHIES2HDM
D AEZ A % #EEZ & D (Fig. 7).
7 Z oy FREFERIC BT B MV T EBANOTF 5 E
WEREREEZE & LTI N3 (LR Dish) ORIMENSH D,
E A b O U NS CIKER D )17% & D.

Dish

eaction fo

<:|Pressing fo
Piston

Orifice ,

Fig. 7 Configuration of forward/reverse
changeover system

EkRIE, EXRVHBICHENSMOMARE Y T v
F- RGO AR ZE N 5 2 2 MBS 72 IE RIS T
Hok T > 7e/c®, i&al & FHERIC X 2 alfTEiR
MRROIRENTET.

SENg, FEEETIVICK DAY T 0 ADEE L Dish
WITEDZETEIC KD T T L ML ZEHFEE XK < Tl
TEBH XD 7izd, witktEDY) 0 % Z MRE
89 2 stk Z 7 IV TR S T LM
>k 7z (Fig. 8).

Small -@-Orifice diameter

Good ®-Dish stiffness
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N
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Lag

Fig. 8 Optimal design for selector lever performance

Torque
fluctuation

1 171



HEBEETIL7OERIZLZEGERFEO=RL

BT > Te iR FHER TETIV L AIFEOFERAE S
N, MEEEMETE W END, EBETIVIC
KB EETRE R EOZhRARE Nz,

Fiz, EepT s )L at A K BT IVIERINGE
D THEERE ETIVEDOHIHRIC K D, BT IVHEET
BUIHERITEENR 75% Tk & 75 2 RS S Nz,

Mo ehrs, gt 7ot A0E A X
O, HIRPEIC BT B RET - FEEROHKE D IR LA &
Nizizd, BIFFRILDORKZZEBRICDEN > I,

6. FEDH

BIFEIC BT 2 EEIRGEHIH 4N TH D, [FHEF
WICET IV R TR L2 A LV ICHEH TE W
TENTNETOHETH > 7.

SrEpEE A Uz T L0 otk Ak, BIFICED
22 OBRED RN ET IV ERELIEHT S
TeHOEMNETIEE T > Tz,

FRCHMETRE RN ED FEKNTH > IeliES AT L
DETIVEEZERLET IV LIzC LAY, g
PEDOMEHEE A & FER D OHIFNCZ b, BlFE T
HIkIC D7x > 7.

S%IE, K7t Xz TOMERICHLRL, B
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FFEHREREZ XA T MBSV — VORI

& Ty Rb* o F ERH

ST 17 U

R

BOSERC W
A

# &

A, HEMLDREE=—XDHEET, BEKTDH 2 Hl§ XA —0 5 & EHHFED = — X G HFEE DH|
= — AR TS, Fhl, BAFEL 28 LWRE Y — )L T S HERRIRE R TD U — F X A L%z
iS85 T 2Bl LTz, TOMER, HEMEZIERT 5 T & LRBSREROIE M 7Z {2 2 & A nlhE
L7z 0, BREAOHZTTIEARLS, HlA—ANED=—XICEILA D T EMHIKE. ARTIE, ZORE

IR — IV DBIFENEIC DWW TS 5.

1. [ZL®IC

EE, HEMLDORE=Z—XE LT CoHHIED
BRI A AT VS, S AIvyay (L
T TM) OBAFEE RE 0 LD DITHEKT A T LDFE
i, MURRT S & T, RE_—XICEHBRL TV 5.

—7, BEMTHZHEMA—LH 5 &EHHEAEKRT
BHREHIRD —— XA H B 12D, HEh 5 D= —
REMETIRA B REND .

Sal, ZFoOMEIC L, BREWTE ST SRR E
EFTOY—REALZREMEEZT5HKE UTRE T
W—)VERFT B L & Lic. ZORE, X0 EHR
TRAE A FIC kS BRI R IRz (Fig. 1). &%
Tz, HEEREFEEE RS S T & CTRIRE DY & Sk
Hik7z. ARRITIE, ZORE T — IV OBHIFENRIC
DNTHIITT 5.

@ Expect effectiveness of new FE analysis tool
- Test completed early before certification

. - Can cut development costs
Fuel efficiency

Testi1 by reducing the number of tests(before:3—2) *Ceniﬁcatinn
Test#2 Test#3
Development o= o— *
schedule Background .
of OEM Shorten development period .-+
+Gray- : Before ® Festiz . £
*Green- : Recent ®
Development Analysis of test results o Study of measures#L_ _Study of measures#2_
schedule - - by considering tradeZoffs
of JATCO " -
. Gray- : Before \nalysis of test results Check i Time remaining
v nalysis ol test results Chec 11‘ (improve FE more)
*Green- : Recent cstudy of measures trade-offs A
ST pp——— > R

. 7
Time

Fig. 1 Previous and recent development schedule

2. REELHEOYYO

2% k O Ti& Systems Engineering( 2L~ SE) O —
DTH2V IaADOBEZRZED AN, TM ORIFE
D THRI=. VI ADEMNEREZITS 7 2 —
ATHO, HNIHGEEZITS 72— A Th 3.

OV 7atATOMREIILLRTHS.

e RKEt7x—X
B A ERGE AR D 72 81T TM BE R T 3R 7% ik at

BEtl, TMO/N— R = 7Y T o7

HARICE S END 5.

1) &KGFHg 27zdlc, #EELLHEHE, TP, TM
DFfTeZ il X — 71 L fFTd 0 HOENRNET
»H5.

2) MBS 2 2 L —a VORERHERT ZHED
»H5.

e MEEEA T = —X
REFEXGE O ORRE M AR E N TWiRh o 7z

ek, B, D, MR 2 52T L,

KETNTA—=ZANDT — RNy VDB TH S.
1) AT EXRDAN OZEHE AR, MU, FKERA X N

A S & RETRFTHERE L & DR, HRITIWN

%<, HEREE,S oL, KD THER

HARRETICEE L.

2) MREIVEREZ D D TM D85 XA — &%, i
ik, HiRMERE, SEMHEE FL—FATIWICES
INTGA=ZNZ L, WMHE/INTA—RZZEHET S
R, FL—FFT72EREL RO RR

UV NI WEIY YT T VAT L& HIIBIRE
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FRERAREREEZRRT 2 MBIV —ILDOFRERE

WRABETH % (Fig. 2).

Design phase

Testing phase
of
osal

OEM

c
2) Present specifications

considering trade-offs

Components Components

Fig. 2 Issues and V-process

FIENIMGEEE G Y 2 — XA TORHFICHEAZ B E,
FHEED T TR REMT 22 8B L, BABIE
JEDIHr, KO, HWE/IST A —ZXDORBENDEF G
IR IRE AT —)LVCHENEd B T L & LTk,

3. WEDKRA >+

SNEBLMY—ILICRELGHBEDTESR
BB Ry — VO HWELL FDO=/Th 5.

1) SHOENANCK>TEDZ T ENENKSICT
5.

2) IStz HEI TR AL, HlfXA—h&
SRS O HOEZHMD S 2, WIS
ZIRET B.

3) TNEX THENCRERED DD > TV TR Rl &
T5.
FRCOHMZIER S 2 A1 Rl DA TEI L

7z.

1) HUBFBOIEXRL NIV TORBITAZ Tt A7
01— (Fig. 3) THHL, MEIHTY —IVIChEix
PR Z AT 5.

Check time data of FE results

E 2

Select study items

2

Check if designed as intended

¥

Design fuel efficiency
-optimized shift lines

I B

Check expected effects

Analysis contribution
to FE

Check trade-offs

Present TM ROM spec

Fig. 3 Previous process flow

2) TM ORREZEIN T2 %P U (Fig. 4), #HnrZK 1
DEHICODWTERMICON RS XS51CT 5.

Not enough High engine High fuel consumption
fuel efficiency energy loss during idling High idling rpm
Not enough time of coasting| |High vehicle speed
or fuel cut-off at lockup release
Not enough trackability of Not enough
optimum efficiency line shifting performance
Not enough engine
torque
High TM High vehicle speed
energy loss High launching loss at lockup engagement
‘High mechanical loss | |High oil pressure |
‘High inertia loss | |High TM inertia |
High rpm use in
High shifting loss shift schedule
High wheel
axle energy High vehicle inertia
‘High road load |
Not enough trackability of
vehicle speed in FE mode

Fig. 4 Factors influencing fuel efficiency
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BIRHMERE RIB I 2MELNTY —ILORER

3) INXTORERMNS, HHA—HEDT O HDLYE
b, RASEEOESWT S T, £ HEWERHKS
K219 3.

WAL RERE 72 B5R (Requirement)- #6E (Function)- T

E% (Logic) (LU N RFL) THRFET 52 & T, SMIBFET S

BREE Ay — )V DRERK, WG TER Sk 7z (Table 1).

Table 1 Requirements and functional methods

Requirement Function! Function2

No change in analysis quality Compare design intent Check the intention of shift schedule

among employees and test results Check the intention of lockup engagement
Check the intention of sub-gear schedule
Energy analysis in test results Analysis of engine energy loss
Analysis of transmission energy loss
Analysis of transmission output energy
Compare with F.E optimized shift schedule
Decide the specifications Analysis of contribution to FE Check the frequency of time use in test
for early contermeasures Check the frequency of energy use in test
Shorten the time of studying Arr of study specifi Select specifications of vehicle and TM
test results Import control constant from ROM file
Arrangement of test results Automatically convert to proper format
Match the time of test results
Match the name of label
Accumulate analysis results Save analysis results
for experience

3.2 MESWY—ILOERK

BRELPZTE T S B LR IR R E TDO Y — R & A
LML, LD SRR E TO TR
Rz S matticks X5 Lz, #Iic, SEfgRes
TE—D0DY—)VcE Lo (Fig. 5).

e VJ— R& A LK

1) WIEZ A1 27200 TRREHIEN R E 5 B fiz
HENICERE % K 51 L7z (Fig. 6).

2) T—RY—/ NG 2B T & T TM D ROM {Lkk
Ze B S IR S S48 72 T 32 9 2 IRF R 72 Hil 9k L

[EUVC setting | Result  Graph

O E S

InputFile  Specification  DataEdit  Runsefting SelectData | Synch Data | Run Analysis

[Time - Vehicle Speed] Graph

i e =
3w
3 Coor | —
Wit [ET—
w
shape ot
Tronsporency
w
Move ATime %=
Move Input Tenets) (10| ]

o —

Start Time  End Time

W@ 05 1800 Apply

Time (s} 0.0 1800.0

Fig. 6 Function to match the time of test results

Fuel efficiency analysis tool

Data server Input

Arrange test results Output

ROM data

P

=

T LEPEY

Analysis

Past experience
results

Fig. 5 Flowchart of inputs & outputs
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FRRHREREZ ZRRT 2MESTY — L DR

o HETHIIMTOEMNEKR EFAELL FIC/R 5

1) =Y A2 —T 2 —AZ/ERL, #ETEHBELR
BAETZ T TRRE DM TN S Y — )USFAFEHI K
7z.
—ODDIA—A R —T 1 — X TrEITD AT &

IR BEIZ U TRRE T DM TN % Y — LSBT

K7z (Fig. 7).

)

_gm
7793

Time Interval

Selacted File (&Time)

File Type

Fig. 7 Main interface display of new fuel efficiency
analysis tool

3.3 M DREZERF O BB DR

T™ OB BN 20T 5 &, KEL
(1) XA =7 X
(2) 2 X
(3) FEHET A
@A Fr—vya X
THsd. BMEENDS il 4 DOREIKN 172 E &N
ICRIEL L, REFEHmE & O bblg, HE b2 Ikt o
2 A, MEHECRZEICEHF G LTV A KRFZ2RE ik
5XICTBRENDD. Fiz, KEICE->TWVS
KFHUMEIC 7R > TWiEWEEEE, 2O Z R
EHRE X SICT20END 5.

ZFDIY, FiddD 1) ~4) ZHindT 5 & THE
SIMTREREZ IERE L 7z,

1) REWTEZ AT BT ET (1) ~ @) ORE
K AWEHEHRS XS5 Uik.

2) ROM M 5 FHAIAATEZE IR R Oy 7 77w T
FEOMEZ HEIETE L, SEHIE & REHE K OME 7z L
THIR 2 BEREZ 9225 U Tz,

3) WEFRMBOMEE T — XY — I\ EFHHAAT,
BRE BTN 5 (1) ~ (4) DB ZEN 1 A DFH
B KD X S Uik,

4) FO AWEEEEIHEE E TN TV B IEEIX, 2
D E N 73 M1 hY H Sk % S HE 72 9228 L 7z (Table 2).
W) Z55RR, Ty 27 77 THERE O ki e

Table 2 Results of energy loss analysis

Test result Ideal result

Fuel efficiency [L/100km] 7.2 6.5
Engine loss [kJ] 16257 15405
Idle speed OK OK
Fuel cut-off duration time [sec] 0 128.3
Engine efficiency [%] 26 30
Engine loss improvement opportunity [%] 3.1 -
CVT loss [kJ]| 4038.3 3819.3
[CVT efficiency [%] 80 82
Launch loss [kJ] 115 115
Lockup timing OK OK
Launch loss improvement opportunity [%] 0 0
Mech loss [kJ]| 38593 3657
Inertia loss [kJ] 9.3 15.3
Shifting loss [kJ] 54.7 32
|Shifting loss OK OK
CVT output energy [kJ] 4828 4598
Vehicle speed traceability OK OK
Improvement opportunity [%] 10 -

TM D BRE B K 172 MR N IC H B Toodr ik %
Kol W-oT, EceikFmniz<, Ko
R TR HERIEICEH 5 LTV 3 K RHE T HE
Lix-ore.

3.4 FREENEVNI S 7DEHRA S

AT U Te ks SR 72 FIS o bk 72 NI 2 9 5 728
W&, HEARZEICHS b L— FA T 285 Lk
PENRE LIRS, T D%y, BARERE, KUHM A —
AEDTHHDLEDRETHS. HEEEETT = —X
TEEBED@mVIST A= R ZEINICT O HHht
I BrDHEZ BEHREZ L L Tz,
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2R 2) ZALTF v — TR HOEL & I ORE 2 Hia

1) ZiR bICREE— FETIR, MEnHgEtEza Y HEZL, RetFHEeINTOBEFRZENATA RT3
2Ty kS K5I LTz (Fig. 8). WreZ9E3E LTz (Fig. 9).

3) MRE & U CHIEMN R Algg & =l L 7z Rlis 2 2 1 L

es4azwe s sazeB ~ e Fr— b THERQEESL, HAEE ITNTVSEHZ

L

~
3
3
3

Turbine speed [rpm]

Vsp [km/h]

Turbine speed [rpm]

w
&
3
3

w
3
3
3

N
&
3
3

I
3
3

FE driving mode point count [sec]

w
&
3
3

200 DOREUCEN HEAYD 2 D7z HEIEHE S % HhE
L7z (Fig. 10).

N w
& =3
3 3
3 3
o
a

N
S
5]
3

Turbine speed [rpm]

40 60 80 100 20 40 60 80 100 120
Vehicle speed [km/h] Vehicle speed [km/h]

Fig. 8 Contours of proportion of FE driving mode and
fuel use in shift schedule

Rate of fuel use [%] /r 5 /r ]\ ) b\oy IE/*EE\{@ Lzﬁﬁcj— %) C a ‘Z\; Eh <“ % l/\

1 —— Testwvsp
1 @ Not following Eco shift map
6 160 2[;0 3(1!0 460 560 560 7{'!0 BE'!O 9('10 10'00 11'00 12'00
Time [sec]
| = Test turbine speed
Shiftschedule turbine speed \_IV ‘l
0 100 200 300 400 500 600 700 800 900 1000 1100 1200

Time [sec]

Fig. 9 Function to check the intention of shift schedule
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——— Fuel flow of FE optimized shift schedule -~~~

——— FE optimized shift shift schedule Turb

= Cumulative fuel consumption of FE optimized shift schedule

c

=

R

[=%

£

=i

[0}

c

o

[l

T
5 3 : :

! 25 ! 7

=z : w : =1

'3 ! IR T i - & TR TH R S .

= ! £ H =
b “ S E m £ ! !

2 ! 2 1 ! E]
+ H = 1 H E i i

0 " 3 " 3

= i 1 = i o ' ' '
_ 1 1 _ 1 TE _ i Fmm g
! : E\..:‘\soc._w:n_ : [wdi] vmwmm auiqin N [7] uondwinsuod _w:um.\,_um_:Ez.u

Time [sec]

Fig. 10 Function to compare test results and FE optimized shift schedule
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s T U7y TS EHSE DTS T 2 HEIWIC AT b d 2% C &

1) ZALFv—F LT, REtEKEENOTY 77 v T T, BREANDFSEIE R E W & D O i

sz HRR E L, EXED TRVEEDH 5 BAVHRITCE D XS IcHiskiz, iz, EX@EO TX

FiZeNA 54 b9 BiReR 93 LTz (Fig. 11). W E DD B FEICDWT,  FEAELR AT S e Bk
BRI 7ERE D IAF, SHFRAYITHEIHIR S K S L.

—— Test Vsp

= e Not following lockup schedule map
=
=
-
2
_ Time[sec]
E
= —— Engine speed[rpm]
s —— Turbine speed[rpm]
21 —
(i
£
£
E _
L]
£
2
w

Time[sec]

1 1M ] 1 T il 1B ] [ === Design intended lockup flag
o —— Test lockup flag
=)
]
g I
Q 4 ¥
2
8]
._QJ B
260 460 660 860 10b0 12'00
Time[sec]

Fig. 11 Function to check the intention of lockup engagement
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4. FED

BrFE U TR oAy — )V 25 T & TR TR D
U— R XA LD 60% R TE, WIEITHr &% %
Wiatd % Wil Z2 Hl sk L 7z (Fig. 12). 7z, AV —)b
25 LT, MR THERE ZZENT 5 LD

Previous

Check time data of FE results

E 2

Select study items

L 2

Check if designed as intended

2 4

Design fuel efficiency
optimized shift lines

¥ <

Check expected effects

Analysis of
contribution
to FE

Check trade-offs

Present TM ROM spec

Hiok7z. BREURE R £ T O BRI 7 |l s >k
7o & T, MEBEEREX COM ORI ZaNTER L,
HIRHMENET AT L 2T 5 & & AlEE
Eo Tl IS, FAFEHRICHELIE FL— FA TRHICE,
WRBEN\D AN T SHERHIR D T2, BAEEEE
WA S RO FREE N A Ln— RIS X 5 Iz - Tz,

Current

New fuel efficiency analysis tool

Check if designed as intended

Design fuel efficiency
optimized shift lines

Check expected effects

Analysis of contributionto FE

L 2

Check analysis results

¥
Check trade-offs

) 2
Present TM ROM spec

Fig. 12 Previous and current process flow
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BEERAM I RAIyvoavyEEO/NELAFEIRT S
FEXF IR oA AR DERE

IZS %7 NI E Y= /N ==

i)

Ak ek

# &

ABH 52 A2y > g HEORIEITRICH L, M ORI R 5.

BETCH R I iE, B MFER R KE LT B C & CHTICRET BISHEBNITE 5.

BTEOMIFL RS, THAI/E0 4 Drive Ml & Coast Ml THFAEIKR TS % HIC & 0 A5 5.

ARSI eI IRk 2 3 2 R Tk &, Z0E Lo LaETME b s TEBAFEZIRL L,
HIMRBEET 3 & LB, WeTHEEMOEEMENTESC LERR L. CNHEDT LMD, ARKR
HTFHEEEAT S C L0 & Dl HERIE O @ AL S LRI TH % T L VR T /.

[ 27N

A, HEEEORRE N L, E2e e OMERSEO
B, HFHEHHA NS VA v g vicid kb —
JED/ N - BRRBEEADROENT VS, TORER, b
TR YT g lEICIEHEICE UWERBLIRRE R T oD
MM ASSHEEDRE L 72> T 5.

ARTEEFEA NS VA Yy g VEHEOEE
E— FTh 2 ehoPriamEic i iz <, hohrii
E N L TESH LU VHRERE FIEZIRET 5.
PER OB THTIRTRE OKEHFILZE, SocHriEEs7 o
S-N#RXZ FHWTC, HBHE SO ETS —icBlT
BAST VT EZD AT EIE (LATF i e 8D
M5, BIES A F A W T B o 27 )VEUe 3% E
L, ThZEET %pciid s /1% Criterion & LT
RET D, ZLT, T Criterion Z /=9 BHFETT
DRGFTZ1TS .

TR 2 9 % 72oicid, ot AT
DTSN ZNE LT 20ENH O, weD i}
HERELTBHILETINERZREMT 5 LAE
HIxR T L7525, TOMTOMFERRE, o T
H (LN KRT7) OBGIEMIC K D ZDORE I
HEN, ZOHIFIE R T A DM Drive b i
& Coast p I CHFRZIRTH 5 FICER T 5. £
7z, MG ARiSEE E Coast T FE-X T Drive Il A
T /28, Drive il cHTEERE THE Y 1 X

MIRESNB T LicZb. LIeh>7T, thyeicIExt
PO ZHT HH, 37445, Drive tmifll
DHIFEPEMN K Z <, Coast b [Hi {fl] D {2 LDV
SV HZFBITENUE, WEHO/NUEATEE & 7%
2.

ZT T, AWHETIEMEITICIERFIEIR 249 % th
MG TFIE & SN2 8E TLE LT LaEMNME 5
NBRTREITTEZRET 5. R, ARERETR
Ft U7tz W2 CVT = R DfitAFKERIC K D,
AR TEOAEMMEZRELL, oo BGmo &4
LN TE D T EZ2MRT 5. WRIC, JENFOh
KA AT B EOREFRACIC DOV THET 5.

2. JEXFEIT R MERIOERS

SNz e, thyclriEsR I kol a7
WEHEERT 77 2Lx5 EFEMORETHS.
FEOE, AR - MERO 7L Fig. 1 1S C IRl
O ES MR ZITY, T ORTE AN S BTl
FIEN 2R L, HrciTBisE DGt 217> T 5.

*HRBE S AT LBHFERS o B
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Gear train FEA
Gear specifications 1_ (simulation or experimental measurement)

Gear frain deformation
Assembly error
Misalignment /
<—[T00t|1 flank geometry error | Vi

| Calculatlon of relative tooth flank geometry |

Calculatlon of factors influencing gear teeth (compliance,

Comection of & || bending, shear deflection, contact approach)
Calculation of load distribution on line of contact #(5)
(tooth pair deflection and load distribution)

Tooth root bending stress
[

Fig. 1 Flow chart of the calculation of tooth root stress Fig. 2 Continuously variable transmission unit for
using the equation proposed by Kubo and Umezawa medium to large passenger cars and a second reduction
gear pair.

C ORMET BT IS E, &

D5 [5E O QTS DR Z VT, Table 1 Geometries of target gear pair
S Reduction gear Final gear
ai= (1+008 :{)) (0-660N!+0.40\/0Ni2+36‘fﬁ= +1.1511'J\'ej Module m, | mm 248 -
Pressure angle | @, | deg. 19 —
: (1) Helix angle B | deg. 28(LH) 28(RH)
T% HZ'J TZE5. Number of teeth | z - 23 68
TTT, SIfEMWTEAIEIC 1) B I, p kT Tlp diameter_| da ) 719 193
. . Root diameter | df | mm 58.24 181.84
RS, oND IZAFREIFIS ST, N & FRE A WG Facewidth | b | mm 38.9 38
71, oNc [ JEMiIS N Z KT 5. O, pld LE
HMITEAIRMRAL T B SHETH A 08D % . HE R OETRHIE—ED AN ML Y THEHE

(1) &, SFRDMECHIR R 2 3 B b i Nz &<, HRIE AT RIVI T, D, hi#
ICEMINT=XTH B, KL TIE, WDz DHH BORZRROIR L TEHED, WHICANTENS LTI
ZHO 5T, IR CIEIRZA T 2 METH > Drive ffll, Coast I T¥7x%. T OHilGAMSEEDH]
&, X)) Z@EHTESLEZAT-. BHANICIX, & % Fig. 3 I</R9.

Bﬁlﬁﬁﬁu%k%bf% WIS S ZHER D SRRtk e IR 72
HI BHE L [E Clc U, Drive piifi] & Coast i rifH] T-N

D, FALROWETeHFREZE p 228 () wEH L, JERFR
HTCHI R R 2 AT S 2 OIS 1 & F T 5. ¥
— O
3. FHMETHREAT HEEORHFEME z
a:ci' 1.E.1Elﬂ- 1E= 1.E+02 1.E+03 1E.'H}'F
AWFZETlE, Fig 2 1< 9« RAVEHAT CVT e “é* ' '
=y b2 REH I T, R R - 8

BT ke L7 Table 1 ICHHFE TR RT . _ _ _ _
Mumber of rotations &t driving shaft [rev.]

Fig. 3 Field loading frequency
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ZDOK XY, Coast fNCLEXT, Drive fIlIC AJTE
NS HGAMSEED 5D 2 BEG D ZENTH %
s, —75, Coast i ith B SHEEN/ NI Wiz
I, TOAMSEEEIC X % Coast b il Ot o8
SRIE IS IRRGTE > TW5S. LEeh>T, bo
VAR w g VHiELE, Drive pifil] & Coast fhrifH]
T, [FAl—DciriangEz a9 2 02E R0 .

Z T THG MG E O Drive thi il & Coast i i il

BRI R PR e BXIINIC 72 2 KETICT B H T,
FTNFNRBEEE 2R T 5. 975 Drive b
T D HRER K E <, Coast b I D HEFRAE
INEVWHRE T 5. T DR, fﬁﬂ@ﬁﬁ%ﬁﬁ%ﬁﬁ%b‘
M CHE VYIS 71 7% Criterion DA R & 7% % X 9 I Drive {f
D TCHIFR LR Z e U, Coast Il O 115 5 £ faf 58 2
ME, JEHRE L RS e IS AN ER5 K5
IZ Coast BRI D2 TRRETT 5.

— 5 °C, Drive B i & Coast B i 0D fli -2 AV L
RABWHEZINTLTS 2RI L TlE, TLEHEmMmEER
TN TAEZO MW T TREOIN THEE A EET 5.
KT RS R DEEIS NS WA, KT AR
X, BT L— 2 BEFRELNFAE L T RIESREMIK I

KD, XM UPZHLI TN THIENS. ZTDD,
Coast tmII D R 7 AR RIK, KR T7TEELTH
BRg/ PR F2 R T 2 L 2 ERT 5. £k,
KT D F) S R A Drive # i & Coast # [fi C 5% 7%
2, il EUF TR T o fE A b T OO i T O EL D
RFE—EE Bk e, ik L TRETHWS T
Ho kA N UHIafNEx 0, RETDEEL,
IMTHEOWKHEIC S0 MFEET L2HENTHIENS.
Z T T, Fig. 4 DX S ITIERFRO M el 1226
BHWHETH > T wcom TEREZH—& 3 57z
DI, KTMITEDT >V EX—71y SRR ZER—T
TEH7AF 2 —INT VAR ZERE L.

Symmetric tooth root

Asymmetric tooth root
geometry geometry

Drrivi Coasti ided
Work \ f
piece | I‘r
. &

Asymmetric tooth root
geometry(proposal)

5
|
|
o
L |
in
5 =
i,

Fig. 4 Comparison of hob and workpiece

PLRIICHART=EZ I D E, BARNZRE =
1795, XTFRbk 7% 38 F 9™ 2 5 o i 85 B e S EE K
D, ot il )5S 11 @ Criterion % Drive 4 1 1 (%
1,220MPa, Coast b mifll iZ 3 H7 R EF & L, T h
Ze i )9 % 12 D T H A S 1% R 7 Drive pi il 1
1.116mm, Coast gHiIfli& 0.372mm IZERETL 7.

COTEANFEER THNIZE, thiycHTiEsmeE 2 i
L, DOAEFEREHRTES. £z, thmn LT
BCLE LM TWEZRS 72D, MSREHEO T
VR —J1w MR EM 9 B R T RETTFIES
THk DAL, BARWNR TESHE & o2k %2 Fig. 5
L 61T,

Fig. 5 The specific tool dimensions

Driving-side Costing-side

Fig. 6 Tooth root geometry

FERIRR el R 2 G 9 2 ti O RN AR 2 Tl
5. CC T:‘Ci, Table 1 LLKLTCI&EE%TELLT, %l
TCHHER AR 72 SRR « JERIFRD 2 % T, tioycHhild s
71 @ Criterion 7 {ii )& 3~ % Bl DO REFZ 1TV, T D
MO ZRN SUIEZ BT 23RO A X —J X 7%

I 29 1
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Fig. 7 l2 9. #5HE LT 9.5% 0/ NN RIAE A
AR K% S EIRTE S,

Fig. 7 Concept for improving torque density

MAFERZ1TS BT, Z DA W % xSt 5
OEEZHRET 2 EDMAF I CIXEETH S.
AW T, T EREICEH L TW0Wa T &b,
BTCHARDMNNE 2175 7z,

AL TREET L TzR 7 72 VTN U 7z i B0 g
JCIEIRDY, BETEKEB DI T EN TV T &x
RIS % 72 DICIE M EZINOR T HENH O, Bt
JEAR G whE s W L CRMi S AR L RS, Licho
T, RTEETEDNS, O EiE M Wi ok
AR O XX Z8HL, Fig8DX3IcvyIal—
arvzngee Lz 1T, ¥lEEHEEIROERD D
B2IHEl .

Fig. 9 IR KD, EERDBIal—arve
—E L, THLED OWITIEIRZE A Ulcl iz #15 T
=7z

N

S F e
7.7 LN
TN
R s

LR Ll

Fig. 8 Simulation for calculating the tooth root geometry
in the perpendicular cross section

/

-=-- Design geometry
— Measurement result

Coasting-side

N

Fig. 9 Comparison of calculated and measured geometries

Driving-sid

4. RERIREL

M CHTIETRE OREIX, Fig. 10 1SR d&&fii (LLT
E—XREZAFE) Tirolz. BEAZXINAEHE
Fig. 11 127139

BRG
monitor
[ ]
Input side
ransmission motor

Absorbing i % Torque .%
side motor = meter =
g g
o o

Fig. 10 Outline of test stand Fig. 11 Photo of test stand

FFRBE A CVT L= MCHDAR, E—X XA F
ElCRY T2 T, AHE—2ThzZ 52T,
ORI E—RTTL—F%ENT 3T & T, &
DATT NIV ZFRAEXE, Hiigfe NV T = —ED
MR, HITHTEMNFEAET B F TATERETT >
7z.
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4.1 EBR#EER

MTCHT IO Y o Z)VE & B U T tliois )72 S-N
RN & &7z, Fig 12 1 Z DR Z/RT. KHPD
FRAUIER R TR PR e A I sz R L, &
AU FRD BT TR 2 T 2 R H 2R T

< Asymmetric tooth root geometry
o Symmetric tooth root geometry

Tooth root stress [rev.]

1.E+04 1.E+05 1.E+06 1.E+07
Number of rotation [rev.]

Fig. 12 S-N diagram

ARERD S, DFOWITIZIR, FERFRD TR
TH->TH, [FA—D SN EICHRBRERD Ty b+
SNTVB T LZMRTES. LIch> THlTt /I
APREE, JEXRRE TR R 2 A9 2 T HIC &5
HTE2H 2R TEk.

E7z, oBIRZIENPMET 2 /IS KD, XI5
OIS, TSR b E ORRR LIS DUV T DEHERE
L EEFERMNSHEH Lz 2 5 Dl % Table 2 7R
ER

Table 2 Comparison of estimated and experimental results
for calculating size effect accurately

Volume reduction ratio [%]
Estimated 95

Experimental result 10

AFERM D, WHEDFEDNE WE S IERFRE T
JEARD /NI S 2 A RIEMIRET E 72,

5. I

HEHH ko> X 2wy g VlEO W o EmE
if Fic X B/ B, EBhEE o i A i
& U CIEAFRO el R R 2 H 9 % thi B 72 3%
A9 2 FiEOME 2T 7.

CHUC KD, EROREFTTFIRICKZREEREND
10% D/« R b2 2R U, JERTFR b T =R
HETLHWEAEA L CVT =y hEEHELT %
ZEMNTER.

6. SEXH

(1) Kubo, A. and Umezawa, K., On the Power
Transmitting Characteristics of Helical Gears with
Manufacturing and Alignment Errors (1st Report):
Fundamental Consideration, Transactions of the JSME
(in Japanese), Vol. 43, No. 73, (1977), pp. 2271-2783.

(2) Aida, T., and Terauchi, Y., On the Bending Stress of
Spur Gears (2nd Report): The Stress Concentration
Factor and the Equation for the Calculation of Bending
Stress of Gear Teeth), Transactions of the JSME (in
Japanese), Vol. 27, No. 178, (1961), pp. 868-876.

(3) Fukanoki, K., “Practical application of asymmetric
tooth root geometry for downsizing automotive
transmission gears,” VDI International Conference on
Gears 2022, September 12-14, 2022, Germany, pp.
197-213.
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2EBMHDEMHh L

B ERET =

3

_,
X

U 23

DV EaAT, VIovFORERETCHZAT v VA v FITHLT, 2IROEYM S > F2157T,
TERDEEM T HFHEICT ZV AF Y IN L2 T & T, 7T v FOEEZEN - BAEmbzRZEl L.
A, BREF, BEZHEIC AN TIER EICDWTHINT 5.

1. [ZL®IC

ANIMESD % HBERERBE 24 RF 3 % 7z bic, HoHhT
EHERL FICFEnBEMED H % & DR SN TW
%. HEHERICBE OV TEZOHEMTITAEL, H—
R Za—FIIVCRET, HDOT A TEER E,
H5PZ 7T TCHENLETHS.

BAE, A/ X—2 a3 ORI & BRI BT I i
L, ERICRVEHiOFRMZRD S5NBTHICH
D, FOHRTEYEIRICEH Uz,

EWNE, HERDSHEAE L TH S, SOBICTZE DS
CETIREWVWESRD ETH#btEZRTTE/. ZTh
SO, EMT EWVS T EIF, HRrTREE 22U
Mod, £/ N—2ayERRTEZYOO7ELE
ZTCTHO, SHEEAFLIHNCBWTS, 2 EHED
EELY/VAN SN A N = Ve

FUFYVREATIVDOREICH LN 6 AEIE, A
Ty 7 AV TSR 7Y T EOREEN B B
LEINTWiEZY, 7o FOMKRESTH S8
L— MR LT, ik 6 AIEOEE ANS T 7 A
F v FiffiZz R U7z,

MERE LT, 79 vFoO NKIEREERFEOWRE
VD HRRDSDOREEZT ST K. &
S BETIEE TONBEHNT 5.

2.1 &8

PERITIRNFR OFM Z R DT, HBETHZERLI
MmHOe Y MIEHL, HRAON#RZY Y —F L
7z.

ANHEE 2 ZHilFr KEHMATZEDEET I,
EWEENEAERTE 2, EYOHEEMED % C
EREIZEE Z T

HIRFR O TE, Fric BRZ OIS EZ17T -
Tz, BHIE, S@EHAaRy hokS7Z2EEKT 5N,
DS IV EZFHRQHA TV B T2, T3
BEAANDT AT T7HHLRT L, 2LOHEZH¥ENDS
LKL Tz,

B, ZNZ0%Ric LTw s HEfix 2N
TV &, EPEfE NS v 2 IVH O, 7UD
ERERATEN LIz Ry b, NTOWN, 7FHLv
DEFE, W57 TIERICH WL HEA
TWBZ bbb, ZOHICF)FY ADREHEIC
DWTalHFHEM D o Iz,

FUFYZADREDOEIZIZ, 6 ATEDT 7 AF ¥ hH
b, AT 0w oAy T2ld 5 &S WRHE
MWD, ) AUMEM S TZEEEORERRE LT
F, AT 4w AV IHhielizn, AL—RIxHEE
BRI R B R RAVREN TV e (Fig. 1)V,

* A R— 3 AR
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2 ., . Measurement iy
rs . T-.0f laser displacement

ed view of foot of living sample

Fig. 1 Information extract for the bottom of katydid feet

5, EYoREHEICOWTY S —FE LK. F
VFY RTEVHIROBD SNy ZIEHT S L, 2
IZ 6 BN ZNEK S Th oz, /Ny ZIFIRAT
VY, FUFY RFE-STRIF S, Lo @dnd
HBHT Mo

FUFYRLFHL, BAMTESHISROH ST
WICHEHT % &, BIC6 AEMEND D, EHEDI
B COHIZEMNEN T Wz, TP v It BRI
DVTHEHLTEM TV (Fig. 2)7.

Fig. 2 Information extract for the bottom of frog feet

CCTCHEHULZERE, TRERE) & THfE v
S RIXBHMRT, D, FORELES THASS 2
IEAERDEIC6AHEZAE LTSI L, BREHE
NTVWBERENES [THO, 6 AIEDERImICH
A% TRHWHIRE] WEBHZEEX, TIAF v 7%
Matds &Lk

2.2 EAERML
2.2.1 EQOERICERT 5H?

BAOBPICHENTICE, FTIUAI YT arD
EDEICT 7 AF v 2 ANZ0E, $hRZFEH
ZHERE L5 =DICIERICEREIC K S.

Fo AT a YHERICE, il ke =1,
FYEm, 7IvFRE, H5DSGHTICEREmD
F1ET 2D, 6 IO DORERENIK L WITE LT
&, 72w FEmAE Y72 & A 7z (Fig. 3).

v lock- lutch
Torque converter lock-up clutc Shift clutch

Fig. 3 Candidate parts for texture adaptation

[l 7 5w F NN DD. 7Ty FITFVERY)
DEZBHRAIVTT, Kkl - IR IRT . i
FERFICRIRARIWIC T oy FIT L DT I ZIMA 5D
LEEIE2D, ZOEBBBHICH D IRENFIETS
5. WWOBRMND B &, BEEHSOHRBHRTH S
AT AV TRV THREZENDHD, AT 1V
AV FExA—PIC AR Z 52 2 &0 iR
HMND 5.

HE, 7Ty FOEBIEHRGTaY Fu—)L FICH
D, AT 1w RAVy TORERIIIEFIT DIV,
ERIICPES BIEIC K> TAT 0y 7 AV w T E
5T ENDS.

FUFYVREFHARRICBVT, AT 10 v 7R
Vo FEMEHI LTS, BHEMOXT v T
AV TEHEBICEATMEND 2 & HE AT, K,
HIINNTEHEINTWS XS %, 7Yy T liom Lk
&P CTHIRFTE 5.

7Ty FIXEEB TR L, BEZ{LELTWS
D, FEERFICE TRV F =R ETH B, JU v TS
JIMEMD E NS T EIXEFRBMN WS 2D
TIN0, LD IR E G TES.
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2.2.2 U2y FEEDEZITHEBAT HH0?

7w F e LT, BEEMESKTL— D20
MM E LTEZASNSDD, SR L— i
7R LTz,

WERDEE T, BINT I AF v 2 ANSD L,
RITODEKIICED, EEMOIL O — A%z E
WEETLESEEN -7, LHrL, EME L
O—XAMDOED FTHEEZ LTS EEZ S L, £
DA E Tl EZ R AUXK D L DAREMEDN S B &
# Z 7z (Fig. 4).

Friction part A Friction Part B Buffer material
Nature Cellulose Mating side
7 .
-+ "*\ -+ Water, air
>~
Friction material
=Paper=Cellulose Matting S|de
Clutch
@+ G
} N
y J. by
SR 4‘ & f'i" y

Fig. 4 Conceptual representations of adaptation locations

3. it

3.1 mEZHET S
D 7E~FEIC DWW TR T o)V S HEE Z WV CEkat
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The aim was to use the texture at surface pressures below that at the bottom
of the creatures’ feet so as to be innocuous to the friction material paper.

Fig. 5 Representation of concept
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Work proceeded based on this image
because worrying about the center
value would delay development.

Fig. 6 Enlarged view of the bottom of katydid feet
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Fig. 7 Prototype test pieces directionally aligned
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No crater is seen in the outer shell
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Fig. 8 Appearance of texture prototype
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Fig. 9 p-V performance
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Fig. 10 Difference in service life due to the effect of the
texture
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Fig. 1 Roadmap to JATCO’s Smart Factory
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Table 1 Issues delaying elimination of losses and countermeasures

Present situation

Countermeasures

Employees do not realize the line
has stopped and neglect losses.

Checking the equipment takes
time, so dealing with line issues is
delayed.

Long lead time is needed for
investigation when a problem
occurs, thus prolonging losses.

1 381

Employees have no means of
confirmation except looking at
the line directly.

Checking equipment is time
consuming because many
items have to be written on
paper by hand.

It takes a long time to find the
true cause of a problem after it take immediate action based on
occurs because of
investigations.

Automatically collect and
visualize data on the operational
status of the line.

Digitize hand-written tasks to
shorten employee man-hours and
increase their line monitoring
time.

Predict problems in advance or

management of equipment and
quality tendencies
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Fig. 5 Heat treatment jig

2.4 T—BAEXBEEEDORRE

Fig. 6 I BMILEIIR EACE U B 2T - thhY 0 2R
EPES A VT THEOBIREZHH L TH O,
BWPEE O « i 0 OKEZ IR TIE R0,

1
I
7

@M—”—[L’Tnl?wE

Loading workpieces in lower level

Loading workpieces into upper level

\  Remounting upper level
N

Completion of operation

Fig. 4 Process of loading pulleys in jigs on trolleys for heat treatment

1 431



HAOEBBEOREFEBEB RO
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Robot hand
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}l;./ Magnet
:I ! i

18

=

\ Cylinder

Fig. 7 General clamping system
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Auto change Robot hand 2
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Fig. 8 Outline of equipment specifications
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O :Good X :Poor

. - Load "
Clamping system Flexibility capacity Cost Durability

Suction o X (0] X
Spring (0] X (0] (¢]
Int.erchangeable. soft/hard 0 X X X
gripper mechanism

Cooperaj\tlve linkage 0 X X X
mechanism

Locking cylinder (0] (6] (0] (0]

Fig. 9 Benchmarking of clamping systems
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Cylinder rod
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Locking parts

s | [

Fig. 10 Locking cylinder

3.3 Oy kY RiEHDE

Fig. 11 lcvaw 72 ¥ X7z TR E O
Bottom grid Z# 7 5 > 7 LGB DOA A —I &R
ER

Robot hand

lig

Locking cylinder

Fig. 11 Clamping system using a locking cylinder
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MTEZ7EDOMEIZT1T> 7. Fig. 121c 75>
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Locking cylinder Locking cylinder Locking cylinder

0
Locking cylinder
T I

e
Locking cylinder
I

L

—— ]
Locking cylinder
1 |
|

= LA =7
i} | Swinging arm Swinging arm
| Ll I
— o E—
I | 0

a b c

Fig. 12 Clamping method
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Locking cylinder

Swinging arm

Fig. 13 Robot hand

3.4 RMIEABEREEMEHRORET

RIZ, Fig 41TmU7e” FEBURIEE » DDV
THEf L7z, COfE¥z Qb 27281, Bk
FNY BT EEOBILME B ZHL D LTk, 7'—
V7% FEBIBERICHR AT 72D T —U Hu Ry ko
YENYIOREABEND B, T DR, Fig. 14-alc
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RICTNDEL, EROBR UAENHETEAL
%A, T, uw ) R FI7MEENIEES
ey IR BEEZEHL, BRy bV RA
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ERLEE B — A TIRIE S92 51Ek2ERLIC
(Fig. 14-b). TDHEICEKD, REZRFOAEBIGRO
TNEHFT S EMNAEL 75 5.

I 1 I ]
Setting down temporarily

Setting down temporarily

Fig. 14 Specification for temporarily setting down heat
treatment jig
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Fig. 15 Appearance of equipment
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1. [FC®IC

Y h XV EER =Y (U XY T—1))
OauFEREED Lk, 3Dooaaicxl, 7#E
A, REL, B, Over Ball Diameter( L. OBD)
ZSERHEEANTINT LTS, R 7 LosgEica
IO FEAT R T OEL O AKDME O, HL O A<
BBETHHHINTEITMIRO D RETZHTHS.

2. ORNEERKEYOHE
2.1 7—UmMIIEELa0EMIIZONT

hHUA) T oauiEREERD Ehl T TR
R9 (Fig. 1-1,2).

With black scale residue

Fig. 1-1 Diagram of fixed secondary pulley half and

appearance of black scale residue

AT, BVILEE, phd D iE LSk, BN
TOPTRETEYZEIEL, TOHOTHETCIO
WA T2 9203 5.

I EREIIN TN E O a o o E| O H
LU Tilitg, aaohiRofiE ke zZirn
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RO 2 RO TIIEEAIOM TIHME K D 120 &
SEZEIE LI T 21T S (Fig. 2).
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AL %%, BORHMRED I T D 3 2580 M54
%.

*Raw material machining | Turning | ->| Spline rolling | -

Vertical oil hole

Roller groove groove/horizontal oil

-

-| |-

machining machining hole machining
Heat treatment/
*Heat treatment . . -
bending correction

+Finishing machining

Center hole correction

-
turning

Sheave face hard | - |

Sheave face - Outer diameter - Roller groove -
grinding grinding grinding

Overall
washing

Screw
grinding

Fig. 1-2 Diagram of machining processes
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(1)Pushing at both centers and
gripping shart axis with a chuck

{2)Position of groove

e
Gleroove d ion (4)Groove indexing (5)Machining

Fig. 2 Indexing motion for machining roller grooves

22 7= 0@MNETLEIOERRKY EDORER
O REROFREET — 7 OMNE T Lt E
ITo72HER, TJLEMNMRKRENT — 7 TORRFEEDN
90% L FTH-oT=.
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T B HENHIHL Tz,

2.3 WMt R ET—0 U R DRSEDOER
HEBOORELTWSE T —TIZ L FOHEND

Mo 7z (Fig. 3).

(1) T 7 LYK E V.

(2) VR T L ORI ST ERNYER DN AHAY 2 =
TENTIE DN & 3.

(3) BV A B TRED & > ZE D2 TR
HEx5.

Max. convex portion of
shaft outer diameter

Min. concave portion of
shaft outer diameter runout

Roller groove pozition |
K

Roller groove position

Machine Workpiece IMachine i
center center | | center

“ T - 7 \ v Workpiecs
g ) e center
b My ’ \\
o s - >~
Phase of max. convex portion of

diameter runout is close to phase
of roller groove position.

-
~ -

Phasze of min. concave portion of
outer diameter runout is close to
phase of roller groove position.

Fig. 3 Positional relationship between shaft outer diameter
runout and roller groove
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Detected groove Groove machined after Groove machined after
hS Grinding
g H wheel 0° i 120 L 240°
3 o , i s
o B o |} 1 (T, TEEA™S & | I e
Es ) No black scale residue No b?ack-’scale., residue No-black scale residue
n o on roller grooves (OK) on roller grooves (OK) on roller grooves (OK)
[
© [e] o
g e 120° o 240 @ 0
: é % s ‘ 5 ‘ y / 4 N
+ 50 e < 3 % i ] .
acg &= ] - il U @)1 (e
=) No black scale residue With blaek scale residue Noblack scale residue
n on roller grooves (OK) (Not OK) on roller grooves (OK)
- ‘
© ° o o
' ,5 1 240 o 0 i 120
E o L A A - AU
8 % : ’ . o —'\\ . 7~ ~ f # > / \ E >
&g Sl N g
" oo ) SN e S
4; o @ :‘ I’ \ .6.) @f } i @ . < =8 I ‘ : @':
82 Noblack scale residue No-black scale residue - With b?ack,_sﬁale residue
N N on roller grooves (OK) on roller grooves (OK) (Not OK)

Fig. 4 Validation diagram of misalignment when roller groove is at maximum runout point

(2)Reference roller groove (3)Roller groove before machining when runout occurs
Center (0,Gs) Gs = D6opp — Das Center (x61,¥61)
O Diameter  @Dgs 2 _| Diameter  ®Dg1
OBD ®Dg - D
o L b, ; Eq. (=% + 0 = G5 — ya)? = (5?
a X4 =6 = (D)

- == (4)Outer diameter when runout occurs
Center (x02,Y02)
@Do2

Diameter

(1)Reference outer diameter Eq. (x = %02)% + (¥ — Gs — Y02)? = (Dgz)z
Center (0,0)
Diameter @Dos
Do
Eq. X% 4 y? = (Ts)z

Yoz — VG1) -1 ((xoz —x61)% + o2 — ¥61)* + Dg1” — Dozz)}
— |+ cos

Calculation equation on =Xs1 — Xg1 — Dgq COS [tan‘1 (
Dg1y/ (K02 — %61)? + oz — Y61)?

right shoulder (mm) Xo2 — Xg1

Calculation equation on =—Xs3 + Xg2 + Dgq COS {tan_1 (

Yoz — J/G1> — cos-1 ((on —%61)% + Vo2 = ¥61)* + Dg1” — D022>]
left shoulder (mm)

Xo2 ~ X61 Dg1+/ (x02 — %61)? + (Vo2 — Y61)?

Fig. 5 Calculation equation for machining allowance on right/left shoulders and relate elements
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® Shaft outer diameter runout

_ Max. convex portion Min. concave portion

Fig. 6 Phase diagram of roller grooves and shaft outer
diameter runout
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starts
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"
K
P
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l“r

With runout angle of 0° |
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the most when machining
starts from 0°

mount of roller groove misalignment
found with calenlation eq.
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and calculation eq.

0 120° 240°
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/
/’//
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‘ No misalignment for 0°  groove

/"’
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Fig. 7-1 Validation of misalignment found with CAD and
with calculation equation
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ENTE AL AVNE L Ix 5.
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[ | [ | o120
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Fig. 7-2 Validation of risk for occurrence of black scale residue
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. Sensor
0
; ~— [N

L

e :1:#9

240 ve
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Fig. 8 Indexing motion after addition of actions for specifying groove for start of machining
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Fig. 1 Spectrogram analysis
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Fig. 3 Simultaneous recording of engine speed,

vehicle speed and sound data
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100Hz ~ 10kHz & 71— A — 7175 EAMEH 9 2 51
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BeEkIGGEEDT 7 vy UIMEI L TWSRA AL
=X EEFOLN)VTH O, FHiliFRHEC
R 5N B JH P ECE X 300Hz ~ SkHz f2E CTH %
TR S FIHATEETH 5 &l L 7z,
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DB BRI 578, 77U r— 3 YIRS
ZEMEILLFDED TH 5.
BENR S
e AT ha b T L & By A E T RE
AR v ZS L ED A — )b L By AR o)
2
M ERT—R T TIINT—RZDAXRT v g Lk
Fe#g AT RE
NERT— R & U 2 TV E OB T DO LLfg AV AT E
UR 7w FENTcg e ictstziREL, 7
TV — g YORFREITO 1.

52 77— a VDB

T — g X, Wi ORISR
LNV ay ETHES ST AT Ny T —
> VR L (Fig 4).

Fio, e L@z 7V r—2a >y EicRIy
7 & Raw 95720, FFT @i 5 AT + o
75 LB E C2EHBTITA kS L, 22—
SR DR A o 5]l S ey £t

Drag and drop ‘

Automatic
FFT analysis |,

Time [sec]

Fig. 4 Application for automatic FFT analysis

A—YA U2 —T 2 —ADMHTIE, HiljOEH L
AR bl L2 UEN O cE 5 X
201, AR Ml I LZzKEIC, AR—FT+ 2T
ez LIcEl 7z GICidiE T 2794 U Z2RA L
(Fig. 5).

Flz, BN RETEZRAI VI ZARGICHRTE
X2, FEOEAEREEEE L TAXRY ol
FLbEEBEIT 50—V IV EEdiE L.

CHCKD, MOIIREEDIER A I T D,
KUCTR B B DJEH P 2 B ACHERTE 5.
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The cursor moves in conjunction with the video.

Low | B et A T

Time [sec]

=
E

5
EY

Frequency [Hz]

G- ﬁ?

Fig. 5 Movement of spectrogram cursor linked to
video of vehicle instruments

HICT TV — g ICiE, SOREE, FERE
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CHUC K D A—YiE, B CIER L5 D AR Y
FOSSLE, TOMBAENIZY YT IVEGE
R HT LT, BORERZXOAEZITKDIATL
LSATREE 75 % (Fig. 6).
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Comparlson

T High

>
=
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Sound pressure level [dB ]

g
H
s
g Sound prassure level [dB ]

Time [sec]

EaEnmR

Fig. 6 Comparison of recorded data and previous data

Fiz, YOIV ORHEET, YT I)IVEEH
LTENTES7D, HRICKDHEICFERICKS
HES MDD, L BHEMEZN LEE 5 HERK
IZ72 > TW5 (Fig. 7).

)

Comparlson

& Sampla Dot

&
£

&
x

Frequency [Hz]
5 Sound pressure level [dB] Z

Fig. 7 Comparison of recorded sound and sample sound
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WK DFFTfEMTICIE, ESHOBESHE>Y 7T
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T T, #RBEHROPIEZ MBI 5 HIYT Al Z Wiz @@k 8y — )V OEEUCH O fiA, TFTE

B e ZER L, —EDMRZFOSNTZOTIwET .
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CVT e U AT DL EFER i 7 I SN T
WA BB AN R EKE O OMEREZ 2 LTV D
MR T B7eDIc, FHCHRBBICBWTIEEE
TR A DV & 70 5.

Z D& @R E TIEEUROER & Z DBiZE, Hl
B2 LTS0S, @Mk R o
RINEZEME, BVLPSATERIC K O MIMEIC 2 (LT 5.

BERICIE, TOERBMROLENE LMD,
& B OMILIC K2 FERIRONT Y FNET T
5.

ahl, PREEHROHEZ 4l % HINT Al %
AN T @A 8 FEEH D /3BT D A TS D THS
9 5.

2. HIRIZDOIVT

ERHBME O TFIE & WA Z Fig. 1 ICRT.

SEMARRAEICE, BURMFRTEOYIN, HA,
W, TvF 2 I7Z LTz, FR LR OB
HRICKDHEND S.

W, Ty F U TICBOTIREENLETHD,
FIEITIIHGRD A ETH S .

FrcH@E T, HEke UTHBEMNBERD SHET,
FREEFRER D D IR S 5 R B HERE IR D/NT Y F R
ER->THED, Wz T O mHR R
BOHELANNVEGDLES ETEHEEZSTVS.

Secticning [ The place of the specimens to be

l examined are cut out.

Cut out specimens are mounted

Embedding =
by embedding them in a

thermoplastic resin.

Specimens are polished to a flat,

smooth surface with waterproof

sandpaper and buffed to a mirror-like
finish using hyvdrated alumina.

The metallographic structure of the
surface to be observed iz exposad

using an etchant.

The metallographic structure is
classified by type, and a determination
iz also made of the heat—treated state,
presence of defects and other aspects.

Cetermination  j—

Fig. 1 Metallographic examination procedure and descriptions

NGV FOERE LTERD _RMND 5.

1) WHERFONE (X)), TwvF U ITRDEBH (IC M)
75 EOEIREMAICER T % & 0D,

2) HIEd 2B EHMD 7RI 7 B REERICE A
I5LD,

2.1 B, TV F LI DEE

£33 1) DT, W, TvF 2 TIXZD%OH
EWLCBWTEHEBEZFIAE XD, @YU NBEA F R
HEICENS.

ORI ZUVZT VT (KR BRI
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RETYILNA FDRZ ST DE N Fig. 2 IR,
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Fig. 2 Metallographic structure of sorbite
3. ERMBNSBEY—ILOEH
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HEb 3 % 51k S LAk & 7 BRI % fii L
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4. Al [ZZESHSHERDEE

BEHBMRE X, ROEBICHREAR 1 ADETOT
Bziroe0t L, SBHEMOSEZIEMHICITA S
K2ICT 2720, lRHERRFO RN EE R 2 EE L
TARSVE DGR IR CTEE 2 1o 7.

RCRMEBLIRE DR R M In Nl E B2 2 Fig. 3 1R,
FABE DVERMERL U 72 S i O R D B 72 47 X
BiE, BRSO 2 EGMEMER & LTS
DT R0

Folishing

Etching

seratches Unevenness

Etching rate Bleeding

scratches left by Uneven etching due

polishing to stalns
(red lines) (differences above and
below dashed red line)

Frxcessive etching  Insufficient etching

| Pl

Eesidual etchant

(in red circle)

Fig. 3 Typical uncertain elements at the time of specimen preparation
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TFTCTEB T Lz,

4.3 BREE
JEEDPRRIE, BRI ENDIEA T 2 DEER
ST B DINT Y FRF LT >TNS.
JEBIRICET 2022, BEXMICEEDIRR
ZZALE BTl ZF RS & TIREREICAED
HOTELTHTEBRH T EZHS.

4.4 BH

BAL, FIJFEROVEHFNEFICKD, MBRORHN S
BHH TG BN THRET 2.
FELGDOMBICKD, BARERZEZ 0GR Z ZFE 5
CLETEPBATLESTCHBTEIHTES L2
5.

4.5 EIREEDHR
LLEOWNETIHNANZ & 5 7o Ol 7z3E L,
FRZATV, FEMERZE XA BN SAE T 5 G
B DG 727 iF LTz,
RETHIC DWW THEE L IHMR 2 Fig. 4 ITRT.

—&— Cnlvy high—quality images

<% ) —d—Mixture of high— and low—quality imagss
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100 an
W
I 94 73
; 50
E 79
560 48
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0 1-3 4 or more

Mumber of scratches {count)

Fig. 4 Accuracy rate as a function of the number of
scratches
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Y— U R &Y R— bl AR D S FEEIeEEE X TOPERBICDONT, FEEDMI 172 EREkD
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LCERENR 2 LA LT SR T 0 AOE L " OEHIZ/HNT 5.

1. LI

a0 FMICBNT, EEEHBHOHELES SDGs D
HAHZ 1S5S, Y b aTid DX #ExE i X % T80
R R— 38— bx«@ﬁ‘xfﬁﬂ%i&y)“(b\%.

BEMRTHEEZ TR LTSy —E X &Y KR—F
FEEBIC BT 5 DX HEEICHL D fHA THE D,
FEEH S AT LOUELINHAY 7 k- 77V O
HAFICX D, LR ZHL TS

AR TIEZNSIEE O T E Rt RiE#)Ic
K0, ZREMRZLEANTEEEICPHY T M2
W U2l el 2171 > 72 Fl 28819 %.

2. Y—ER & YR— FREBDEE

2.1 K

P—E X &Y R— FEIIE Y~ arkNOERE
RIE° TE, Yk, v—E X, iEdG 7% L %
I BH7DIC, VYV EaAFEHDOWET AT L2,
fifik& & FEESEZRD TN S
REBEOFEICOWVWTIERAEBE S AT LZ2HNT
TETHHT M LE2RFELTED, (&N
e HIEYIRITCE, Smtifsilnn, THREEETRS.
Fig. 1 DM TS 73R E RO A2 X L T
W5, FETHEBUIERK 21 HHT, TD 55 60%H
HEREFETIE, 40% DREFRIFETH 5.

MEREFETE & ISR E— MIBEAT BT,
RIS HLS [ &g 2R D TIE, HBIRRFICHE 7
Ed 5.

REFFE LI, FETEHIEXAAITICBWVTED
HE R Z IS L, EouElE CHNA Z R L 71k,
RIS & FEE S IR D THIET 5.

PR FE: DA X F OB E > X7 LA C
FHEHERDR—IR=T =T VR TR.

Fig. 1 OADM TS 7 IZREFTEOE CHE 2 X &
BHIzE DT, 90 FE « £ 1,800 HAVFHIEY AT L7
FIHLTWA.

< Purchase order classification > < Requester classification >

(1,800 | ]
cmployee) S ;‘
Productmn
Eingineering
5 dept.15%

JT:JATCO Tool
JP:JATCO Plant Tec

Fig. 1 Purchase order classification
2.2 A&

FREFEED 7 205 NIE, £IERTICTH
B SRR Z R L, SERITY 75 4 v
KNS, TSV bR T 2
B UADENTR S . FZE IS RRAERR D 72 I ER
TENRAREZIEN L, WAMERR, I TRAMN
f L FETE e KT B, BRI TREN EHITR, 3¢
& 7% % (Table 1).
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Table 1 Process flow for issuing non-repeat orders

Phase Tool Requester Purchasing Supplier
f ot Purchase Request for
RFQ Existing request guotation
system
. Specification Drawing /- Postto _ [ o Drawing
3end ing Manual drawing ~  printing " BOX T received e
rawing | operation 7 [ uotation
P al__J b &/ g
SPEC C __ | Request for spec Receive
checking ﬂ/ confirmation quotation
Suppl!er Manual d a" — * Approval
selection : ® 8
operation l ®
Requestfor_, Order
approval application
Existin
PO g = Order
system received
COHT, WEEFEXEOR—IN—T — T 2 pH Current : 2 ways After change
}: L/Tb\% a—~ d @{@%h‘gﬁ%f% D s Eﬂﬁ”%%&{b 1. Mail to BOX 1. Data exchange box
N . +Print out the specifications ! ! +Store specifications in the BOX on the
Ié&o) ﬁu?}ﬁ% % Mg 75\ % D 7’(_’_ . and post it in the BOX W cloud and automatically send cmails

a: KO FETRI
b: FK O TE
c: E-mail ERK
d: )N aOFHE]
3. WERNR

3.1 T—42X# BOX

BT B o 72 a MO EIR " & b MEO B " & e
IEd 2 I2bic, DT T T AN L F— R EHAET
%%V — LR LTe.

B HoRE T8 72 FTR L TRk IC 327 L TU 3 BOX
NBBIL, 75 A v EUC < B AHED, B L<
& A — LTS B 2 ED Hds - Iz

W TF— 2 ZHBOX & LT, 75 K Loy
TISAVYTEDHEMATHIVEEERL, ZICER
BT B L TH L L. £, BRET 4L
SR LIRS, 7T 1 i A — L7 [ 5
RN 2 BEAE R B L7 (Fig. 2).

+Supplicr visits JATCO and -

receives specifications

2. Send by email

+Send specifications by email

o

to supplicrs

«Supplier obtains directly from the BOX

Fig. 2 Methods of sending specification documents

NS OKEBER W CLL RORh R #1157,

(1) FEDHI Pk

(2) U T IAVANDEREEN DY — F XA L
(3) U7 AV ANDOEREENEA O B EE

tF a2V T HZERL T T I AV T LEDIRA
U—FRZREL, 5z Lk,

3.2 EBHET TV
50 OFRE T H B "E-mail 1R ", 7 A GEAIE 7,
TN OHD 2 BRI B T DICEBUE T T 2 AF

L7z,

3.2.1

JOo+wRXR7O—0Oa#{t

BURO 7o AR LUI-7at A 7a—~2EIC,
EBNET TVDOARL—2 g >rT7a—=21ERR L,
al— k2 nl b U7z (Fig. 3).
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DX #: : ERBE /0 RXICEIFHEFL
Quotation
Start registration
Specification .
Requester confirmation Bequester
Phase ' Purchasing (1) -~
Budget
Requestdept. control dept. = Judge
T (2)_ ey @)=
---- i -
Suptebon 1 s """ Quotation Judgel| |Jud e1(3) Judgel =
registration . registration d g ] 5
i ¥ —a
g et Judge2 Judge2
Specification || specification Yes g g g
confirmation || confirmation i g_
4route 2route Judge3 ®
3 ¥ v
Price No : Price | =
confirmation : approval Approver
3route : 4route
Braftng of Draf'tmg Superior approval  x2route
putde e purchase order Price approval x3route
: 3 Final approval x3route
Approval of Final Issue
puc:(r:gl:rse approval T pro Issue PO Total72route

3route

Fig. 3 Visualized approval routes

EOREEAEO T A7 a—7, MR&EE) Tk
$meymjrmﬁj®4o@$4/hfﬁﬁw—
DTG L 755 .

E@lmgkm®Fﬁﬁ%;J7l—X® -
O—Z%c R LIz DTHSD. DO [MEFEEEE]
T — ATl (1)~ (4) D4 )L— MTHIET 3.
Fikglc T EH ) OFHET2)b—b, FHED ik
HKEBl T3 )— b, [P T3 I— Dl L750,
BT 2 —ADNIEDOABEDRIC KD EFIT 72 )V—
hEixB.

Eitm 7 a—Z=nHtd 3 & THhRIENE L,
BTy o LZERT 5 7zd0D a2t 7 b D3
VL LTz,

3.22 77k LEz7RER
T LT 0 G OED TH % (Table 2).
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ﬁLmé%u%&%ﬁia%%ﬁﬁﬂp%mﬁ
o ARSI N ERIE, AKERERR
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 FRITIAEN _EHZ TV, fEHZ 7 U I e ek
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HERE TR A 3> > 7o, BP0 2 7o 9 HEgL—

N MR L, VAT IMBICRI L.

32377UW&rButIiLtﬁ4>h
TOVERREDO TR UTZFIELLFOED TH 5.

(1) E%ﬁla%&’i&-iﬁﬁﬁ
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BET B 728, RAKBRDAE IR A STJNERICHKE S 7.
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Table 2 P f fter digitizati Digital
able 2 Process flow after digitization |:| i
Phase Tool Requester Purchasing Supplier

Existing Purchase 5 RFQ
RFQ system request
Sending Data | Specification | Specification || Folder | Specification || Create
drawing | exchange box drawing registralation | storage | Down.__received quotation
Security|path setting load
B SPEC A | Request for spec
| checking | | confirmation |
. Work
Supplier improvement C »Approval
selection D
app Y
Requestfor_ . Order Electronic stamp
Existing N , Order
PO system £Q received
3.2.4 771) OHEE e —————— »
HEBRET T OREZIEH L7 & T, XD 4 =y

HEZEHE U, TEHIEHIO EIRIFE (R Bl L7z,

() &R+ 2V T 0 OMm L
T—=RN\DT I A2 5% LT, Kkt
F oV T o &b Uiz (Fig 4).

[ HEFER]

MR X > - ()
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LS WEE L

Granting of access right and \ocklng of ed\turla\ remarks

RS lﬁglﬂi ‘7-\
Q

Fig. 4 Improvement of approval security

Q) NALADT ) 7 KR,
Ty T K] LI [EBR] W TE
C DREHEIC X © 2KFED 7= 8 DHIRI
SOHEIZBE IR LTz (Fig. 5).
3) ~EELRTAT— & AR

&Il

7AT LNe—
ZZn#ifb L7z,
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N IEDMEND S (Fig. 6).
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Fig. 5 One-click approval
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Fig. 6 Status confirmation
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HHIA —)V 72 HEWERR LA E S

DIERNAEL L 75 > 7z (Fig. 7).
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2021/12/21 (‘M) 10:41

55k T

FAFLFIFAUZ— NML_delete_all_84_days (12 i&) After applying,
notification email will be
sent to the approver
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Fig. 7 Automatic creation of e-mail
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7z (Fig. 8).
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Fig. 8 Screen of batch approval
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f— ] Table 1 Specifications of JR711E
Torque capacity 370 Nm
Torque converter size 260 mm
Gear ratios Ist 4.886
— 2nd 3.169
_ o3 3rd 2.027
iU e i T 4th L41l
N i B T S 5th 1.000
Bl W "CR PR o B 6th 0.864
e 7th 0.774
Rev. 4.041
Fig. 1 Main cross-sectional view Ratio coverage 631
Final gear ratio (reference) 3.700
Selector positions PR, N, .D
+ Manual shift
Overall length 756 mm
Weight (wet) 101kg
2.4L 4WD

Nissan Caravan
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Table 1 Specifications of JR913E

Torque capacity 700 Nm
Torque converter size 260 mm
Gear ratios Ist 5.425
2nd 3.263

3rd 2.249

4th 1.649

Sth 1.221

6th 1.000

7th 0.861

8th 0.713

Fig. 1 Main cross-sectional view 9th 0.596
Rev. 4.799

Ratio coverage 9.1
Final gear ratio (reference) 3.133
P,R,N,D

Selector positions + Manual shift (Paddle)
(Park & Shift by wire)

Gear box length 439.5 mm
Weight (wet) 99.5 kg

Nissan Fairlady Z
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Table 1 Specifications of JF022E

| A Torque capacity 330 Nm

._ i Torque converter size 230 mm

; Pulley ratios 2.953-0.361
Ratio coverage 8.18

33 ey Reverse gear ratio 0.745
Final gear ratio 5.676

P,R,N,D

e - Selector positions + 7step manual shift mode
@ RO S (Park & Shift by wire)
o e (& Overall length 381.8 mm
128 D s Weight (wet) 103.4 kg

Renault Austral
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Table 1 Specifications of JF022E

Torque capacity 280 Nm
Torque converter size 230 mm
Pulley ratios 2.870 - 0.361
Ratio coverage 8.0
Reverse gear ratio 0.745
Final gear ratio 6.036
R<—=N<H—N—D/M

Selector positions (Paddle shift only)
+ P button

Overall length 392.5 mm
e

Fig. 1 Main cross-sectional view

GAC Mitsubishi Outlander
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Table 1 Specifications of JFO16E

Torque capacity 250 Nm
Torque converter size 236 mm
Pulley ratios 2.631-0.378
Ratio coverage 7.0
Reverse gear ratio 0.745
Final gear ratio 5.385
P,R,N, D/M

Selector positions + Manual shift (Paddle)
(Park & Shift by wire)

Overall length 358.8 mm
Weight (wet) 95.1 2WD)/95.6 (4WD)

Fig. 1 Main cross-sectional view

Nissan Serena
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