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Table 1 e-Axle specifications 140 ] ] o
Max. electric motor power 150 kW 120
Max. electric motor torque 320 Nm 100 |- o
Max. electric motor speed 13,000 rpm g @]
5 80
Gear ratio 9.692 E
. A~ 60 |
Unit volume 6L g New compact e-Axle
Unit size X:325 mm XY :540 mm XZ:370 mm ,0_; 40
<
° 00
Z Vehicle vertical
0
0 1,000 2,000 3,000 4,000 5,000
Inverter Vehicle longitudinal Y e-Axle output torque [Nm]
X Vehicle lateral
Fig. 4 e-Axle torque density
Differential
gear set
4. FYRyOIR
4.1 Fits

FXABCOCTIILL T O REZ E LFig. SIORT
SOLBAER OB F V2R L7z (Table 2).
s s (1) ERBY S EREE—F IV MAEZ L2940, Lo
Electric motor " platetary Y HAHER T e 2 &

gear set

Fig. 2 Appearance of new compact e-Axle
'8 PP W P * Table 2 Planetary skeleton selection

Single planetary Stepped planetary Dual planetary

3.2 /NE{kEDIEL : Jl gear set gear set gear set

Fig. 313773 XS THALIC X0 551 i £ 77 11 0~ % ++ Good /_ff -:/f ff ﬁl
LT T =T T T

R . L =1 L|E
e-AxleMVZ B EITFig. 4R T LAy T RYF~ — o Tﬂ“‘ - Lo o [

77&’%}/@‘[/7}: Gear ratio - + ++

Axial length ++ + -

Y Vehicle right Efficiency + + _

i

Vehicle front X o
Stepped pinion gear

L= ':
> A
e Sun gear
1-axis 3-axis = ’ Internal gear
Fig. 3 New compact 1-axis e-Axle Fig. 5 Stepped pinion planetary gear set
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400
Gear ratio: 5.0
360 e Gear ratio: 7.5
s Gear ratio: 10.0
'g' 320 e Gear ratio: 12.5
E Gear ratio: 9.69
= o dii y
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= :
e 240 i
o e |
O - 1
—
S 200 |
@] E> OK
1
160 :
1
1
120 1
1,000 1,500 2,000 2,500 3,000 3,500 4,000
e-Axle output torque [Nm]
Fig. 6 Gear ratio optimization
Oil flow )
Oil catch
Rotation
direction
Oil

Fig. 7 Oil flow
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Fig. 8 Oil flow simulation
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1. [FL®IC

AR, HEJHISROONDERDOL HALE AR REILIZ X
D, BAZEIZ D2 I [ R 8 AR RIS 5.
FRZBZ U VT IVT — VRO B T o FEH AT
HETHHEIRELFRYVERERD, BEIAIEE
HLTWA5.

LR EA MU 5%, T 3 TIEMBD (Model
Based Development) FifliZ F\C, EHEBRDH 5
Bt Wl EEBLERHEALL. A B L RICXD
TRERDE AR TES.

(1) Y32 —2arBiE 7207 VT — VRO 1 i

S DS AT ST
(2) RS LAY B Y AT A2 X285 EF
il

ARTIE, A—FF 7T A3y ay (BT AT)
\ZMBD#% #l7 % i H L 7zHILS (Hardware In the Loop
Simulator) (2 X AHL EALZ @A L, BAFET AN B % 1A
EEE7HEEIT 5.

N
;’g
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WS R B TR EDHATO L B AL HEA T WS, VY
F 2 THFERIGIFIZTHE D B9 D B AL A3 AT b L7k

H, Fig. 1OIINTE BN 6f5L o7z IH1248 Hi]
HWOBHALIZED T 7 VI EEZ M DR o725 %, &
R L S DR 4 BRI SR A, FEH IR T
X e ASHE LV K 2 3Pl 4o IS B W TRICA L — A8 R
VARV AGEDATE BB Z I § 528k OLN
5.

HELTATY FATTIE, LU HFEHEEE DI
LT, ATHEKI Y E2—% (LLF ECU) O il # i 52 0
TeODEIRY AT A THLHILSKIGFHL TE7-.

Lo LR ClI VUMV o 2 iR 515
T OF B LET, HERDAT ECUDADHILSIZHE
FEAEE SRS LTz,

Current gear position
Ist [2nd| 3rd | 4th | 5th | 6th | 7th | 8th | 9th
Ist AT L5161 Expanded
an 1'2 40 pattems '2 5‘2 6‘2 el R
3rd [ 1-3 ] 2-3 4-3|53[6-3| 71 »3]9-3
4th|1-4|2-4(3-4 54|6-4]7-418-419-4
5th|1-5[2-5[3-5[4-5 6-5|7.  9AT
6th | 1-6 | 2-6 | 3-6 | 4-6 | 5-6 7. 64 patterns
7tE B F anded \J—g 5-7]6-7 8-719-7
8t 2-81 3-8 ) 558[ [ O-3,| /-8 9_R
1.6 times = 64/40 -
oth | I AT

Next gear position

Fig. 1 The number of shift patterns
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HILS (Hardware-in-the-loop simulator)

e . e . -1
: Engine ECU | Real T ECU : | Virtual |
I g < > B I I THILS ' Driver model} I
| ’ comsz:lt'tat'on \ N = | : = e |

unicati ] i

' E] Driver » i
I— =Real to virtual == == == = Real to virtual “ llEEcontr 1 E ] I
+ *— L [ |

I

Vehicle
acceleratlon

Fig. 2 HILS system with AT ECU + engine ECU

3. BRRFE 40 IVCUETIVDERER
YU VECUEMZEESE 5720121, U HIT%D
PR DOHILSHL 1 BRI BT il D3 H D0 K2 17 RESORMPLETHL. LrLiflleyIal—Y
SRR PERE RS Etz*afﬂ YRL7. a‘/%)\ FIERICRELTMEFTREDS 2D, VTV
()Y RE D72 OAT ECUICIMZA Y Y v A ZALEL 23 L BEARHILS i Al T A A2 8ELv. 22T
ECUBEI{ES AHILSD B 5. —f% Y 1ZMean Value Engine Model (MVEM) & I’FE i
(2) SEHEVE A D72 D AT, HLE 7L O & ks EAL. RGN ED A EH 2 P iz i T A 5
) RFAL D7D OHB)FHAM S AT L DE K . fliZETVERML, 2R EVH N T&5Fk (Fig. 3)
ZHRHL7.

4. T2 +AT ECUENE 9RATHHILS IV UMV EORIBICIERMEEY Yy SLL SRS

Bl A EfFoT NS,
IV U+ ATHEECUB)/EHILS Z FR ¥ A #r A9 AT COFFEICLY, War¥oa—5 B ol EO A
IR LCTHZE L7, Fig. 2llZD Y AT 2D EZ /R T, WL e o7z, ZOFMHILSOMERE, kY haw
CHIUIECUMDANZE Y I2L —YarvEF e LML ki i BEHE D AT ECUD A DOHILS D # F O %} I % Fig. 4127R

THD, HEYFEERS AT DI BREE S5 O R 51

RER R MRET, W ERD)ILH 'E'L:' ik T T T T . .
ERNI I A SRBOLGHRR, HH  Dashed line: real car |W1th engine ECU|_
F':ﬁ %E%\éﬁi%'ﬁ:o)ﬁb J‘\]}%\L:ELVCV \ZQ) . Engine | Solid line: HILS

speed perm————————
Engine[ ﬂ
torque
MVEM Cylinder model | Real car = HILS with engine ECU
Ftgn— g o P : Air pressure : : : : : : .
m: Mass airflow | Dashed line: real car Only AT ECU
] h Intake manifold P Engine}-Solid line: HILS y-——_____
Intake manifold r : : : speed = "/ .
o Py L] ! ! Me1— B I,- \ 1
™ Enginepo__ _fF—t
N EOTQUE e o S 0 0 T 0 0 .
Mean value | - Real car # HILS with only AT ECU
Lol 00 10 20 _ 30 40
Time [sec]

Fig. 4 Comparison of coordinated control for HILS system
Fig. 3 Mean value engine model (MVEM) and real car
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I TVWBIES RS,

4.2 ATﬂEj‘-“)l/cDEﬁzE
4 IAIHILS CTATZ 3 O & i PE % 5- Al 3 512 h 720, L
T@AT%T»@E&E%ﬁofwzo.
(1) REEDOE R LB EE— AV TOIE
B EREIREEE R TR .
(2) 759 F DEEEM D) TV ZREIELTORT Y
VANZ40:E -8
(3) FEBRAl AL L7z Al i e B 1 WS L > T2 T 5
259 F DB O~y TSI
(4) FEBIZE B EDEIAIIBMEMICEVZEILT S
MOFHEARE DO~y TS R H .
INSIZEY, ZEYay OB A EE O
A AT BB & o7

43 ERETIDUER

ATHAROPERERERTIE, HE7 V&L CTHMHE &
ETNEfSTW 2, UL, BB Z i3 512872
D, ARV aVREILLNRRDORIICL L ELE

|Improved model
r Dashed line: real car ]
L Solid line: HILS =

Vehicle [
acceleration

Engine
speed

i Real car = HILS with improved model
Engine
torque 9

o Old model
tn%l‘rae
PEY F Daghed line: real car 7
+ Solid line: HILS
ac\c/:l};irillgon Q\'\"“M‘ =TT ~ ,“~‘\
-\ y X
L Real car # HILS with old model i
ENgine |wm we mem —_—
1(?1'?111111' J—_l / ]
0.0 0.2 0..4 0.6 0.8 1.0
Time [sec]

Fig. 5 Comparison with improved vehicle model
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BT ALEDHDH, ZZT, HEHBHEEHE T TR
TEFREFEL, (K P 3R B ASFEAM T fE 2 JL N £ TV
3 AL7:. Fig. sa’ﬁé%a‘:ﬁvaiinprLﬁ%@Eﬁﬁ
RO Z RS, WREFVTIE, MEEICLAHE
W@@%’i’%ﬁk)J@Lﬁ%’cﬁ‘ﬁbﬂ‘éh’cwét&) FEELN
B IR W HL R EE AT B E TV 5.

4.4 BEIFHESRTA

FFA € 7V & L CI1S02631-14% & i B o 5 & |
IZHDWT, LR L DY IR NEHE A 2T
75 ¥ 3 % F AL B 5§ D[ TAES : Jatco Auto Evaluation
System ] E T NEMH L7z, SHUCKDEIREREN D

LH DR FFME CHB CITALHB EBR T AT 281
THEHLZ.

5. IV +ATHEBECUBMEHILSDER

UXPAOHATICN LT v Y V+ATH BECU%R F k%
B{E S HHILSDEERTORHBIZ N T 5.

5.1 RIEFMHIRVER

Yial—Yary LOHEEE T LI THRE DR
BEZI L o7z, ThAFIHL FYA R TORIY
Y YECUL DT i il TR AE D B DA B RE XL,
TOANEOABLEEE, WEEOFRAESLM2EYHL, A0
Z X LD EABIEHI B ORI A% . T,

5.2 HILSIC&5BE1LDFI A

BEFEMEEHERAL COCER A= 2 =IOV THEEE
B CI13f95,00078%5 —7.55 A5 %755, HILSTIZEK
R T WIH TROE L2 iEE o7z, 20
RIS TR NP ELZIRHEBEEYHL, E
HCTOFEM RO T AR EIT TS, T2/
Bz ARy 228 R, HIBOZE H I 8% — 2% F A
LCAERZERTE, AR EMHENTTELIIIR
-7z,

5.3 EHBEEDLEHERSR

LB CHIHEICECUB A E OB EATELI LR E N
L, FERTIIRER 2D 02 BBOE RO )L H PR R E AT
7z, Fig. 613777k LR O O 8 A % $a kD,
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|Engine speed flare | | Acceleration shock |

Engagement pressure
-50/-40[-30[-20[-10
Search by HILS

Search by real car |-

I

F — OK area ._ .
J }
| |

[ |
DRl i N
))
\OK area by HILS 7

a
e

+10]+20]+30|+40] +50

Release pressure

[ -—"

Slhifting slow | Deceleration shock |

Fig. 6 Calibration constant search by HILS and real car
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I, FRICATOZ B ALIC X B EBR S M 0 1 58 1 3 m
WXL, Ml RSB CHERR CXAHIPAZ AT 5720, HILS
VAT ALYV VECUR A ANLL T OY REFT -7z,
(1) =Y VECUDEMET AL ERKR 2 DT T
WEVERL, =¥ Uil o mB vz m L3
7=,

(2) AT, €7 V& mEALLE R 5y 7 OB
CIN =Sl

(3) HBY FEBR S AT DX R H Y %2 2 K DS RD 2 1]
HeE L7z,

COYRL-HILSEFIH L UL T O %2157,

(1) BE S G072 A0y 2O DV EER AL T A M
O FHHECEIL, ECURIMBFICERBL 7.
(2) FEHLZFEER T 7.3 O RS WL, 86 8 B o I il

PHIRZR, MDAAREFBIL7:.

HEETRBENIESETIIEVS, 2 ToEKE
HILSHL FEERICEEHL 2 5NHbITThv., £ZTHILS

110l

HE)FER Y AT 2 DR J 2 D L7258 B S fF 0 )R I
WRFIZL DDA AL, ERRICLL SR LB i %2
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AR, BB HIRDONLEROL AL ERRRILICED, BRI RBINICH S, FHIERE W0 Al
REL, WEEMHRL ETOREITKDSN TV A,
AREGTIE, CVTRZIZBWT, MEREHETLY R CER D72 EB%, MBDEMNIZL A/ N —F vV ER 5 & % 9
VT VER G & WA BT TV 3T AVRS Y AT A& I WTH FALL, RERMICEATRHIET 228 T, BIFIAMEIZ 5

SRR B2 E) T H BT 5.

1. [IL®IC

AR, HENHLIROONDE RO L ML R REILIC X
0, BAFEIZH % I [ R0 2 I AS KRS B K 112 5.
FRZBAZE B M V7 VT — VR OB T T 0923 EFM 12T
HAETHHEIRELFRYVERERD, BBIAIEL
HELTW5.

LR EA R LS A 2, JATCOIZMBD (Model Based
Development) $ffi& I\ C, FEHEEROH LI~
Ml EFEBAbZHEAREL 72, ML EAL & EALICE) TR
RHWFTES.

(1) ¥3ab—2ariEx W /2U 70T — VR B T 2 5

FL 72 5 D S AT RN

(2) BB BB AR IC LB 1 K72 5 1 O &) 3 51l

AT, EBEOCVTHIEIZHE VT, MBDE i % &
AL72VRS (Virtual and Real Simulator) ¥ A7 L%
TEEEBEZE FLTHIET, HEIANIR DS
WA e B 2B BT -SRI/ 5.

BB

CVTIE, NVb-7 =% T 28 ] e e\ T —
TR D, %57 —UNORE ML EICXY, 2 5%
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Fig. 2 TM-VRS System

HREZRLNIVETRODLE, 1O TRHER 2SR5 8
FEEEET NS LEERY, HLEALDRA) M THEELDFE
BRSO R =R R 2N BE 22 B R E A B o 7.

3. REE

FRLORE LR RO =+ 7 I 3 2B ER
LHRELT, ETMENEETH D RDONDER5IC
FBE, FNUSNDOERGEMBDEMIC LAY I2L—ay
ETIVICHEZIZ D, DFD, VTIVEIN—F %)L& @b
TV AVRS VAT 2 &G L CTEBEER DS E
ABIZHDALA TS

% BARFGIIITR No 1TD[N—=F v VLoV r&ffioTz
NI YA Y ay DB DORRFE DS BEZR VRS T AN Y
FORE] (LTI %2, EEBEOCVTHRZIEHLZ
HBITH5b.

4. TM-VRSRT A

Fig. 2ICTM-VRSD Y A7 AKX ZR 3. REMETHIL
BT —F—_UFIZ, HILSICEKAET VY Ialb—Tary
(Fig. 2(1)), HE#EAES 27 4 (Fig. 2(2)), HB)FEAM
AT A (Fig. 2(3)) ZBIML 727 TH 5.

EIBBE—F+ET NI Il —Ta I lL)ER R
P X, HEEE Y AT 2L HB RS AT 255755
HE) BRI RE 2 G § A28 TR RS Rh=R1 7

1121

AT AT REE 2 .

41 TP UETIV

IYVVETIVIL, BifRATY TATOLN T Vv a
M= FERE NN F VT VUV AT LTI R
{, CVTRHiC LR 2 K-> CTHBIL i =Y
CETFIVERRLZ.

RV URFERBE TN —F XNV YT RAT
LEFA DRGSR TERWEW) FEE ] E ORI
HAPRELTHELZDDOTHY, CVTIE, MR
FXDITyFZFIRZ I T2 A iR G HS b B A
FUTATIZH AR, BTy Y HRTIEARSNS 2,
fli A ET NV TOEZIEZ A REL o7z,

4.2 EHETI

B €7V, ETIRILOARDOE 5T T NVIES720
TR, A7y 7ATH KL, HEABHEEOWHEDT,
PFARYTIVR LYV U NEOIRB A O
W EFNEEATHIET, Eln ki EE L NG
DT HUEEEZ ) L S7z,

4.3 BEEHERTA

HE) R 2 A7 A THWAFHEE T VI, AifiB i
ATy TATFRBObDEEA L7z, ZHUZI)HB)#RES
AT N CHASH L7228 K727 — 5 s K W T fE T
5.



REREB~OMBDERICLIMRERER L ~CVTREICEITHVRSE A~

5. TM-VRSICLBHREFIHRFE

VAT EDNN—MEOFE R EZ RS 52, Fig. 3
~5I25MF T, EHETM-VRSO I RHI D28 % L
7o, FEBREMIT 7RV AERSEALL, BT TEER
F—=%, A VRSERT =5 %R 7.

Fig. ISV YV VBTN ET AT 7 e ViREL >

VRS test data

—

«—Vehicle test data

Accel pedal

VRS test data—

Vehicle
test data—

[Similar behavior including during shifting |

Engine torque
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Fig. 3 Engine torque behavior comparison
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Fig. 4 CVT internal behavior comparison
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Fig. 5 Vehicle acceleration behavior comparison
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Before calibration

After calibration
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Fig. 6 Problem solution before in-vehicle validation
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Fig. 1 Engine torque and torque fluctuation
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Fig. 2 Targets for reducing drive shaft torque fluctuation
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Main damper

+ Inner damper
// Outer damper

7

Pendulum-type damper

Fig. 3 Structure of pendulum-type damper
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Fig. 4 Analysis model
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Analysis of 3—cylinder turbocharged engine

. . s P | h li
investigated in this study endulum mass overshoot line

Spring stiffness C
Spring stiffness A

Engine speed for pendulum WOT line

mass overshoot with
low spring stiffness

Pendulum mass overshoot

Torque [Nm]

region within lockup region

1

:Lockup line for satisfying
1driveability requirement

[}

Enginespeed [rpm]

Fig. 7 Engine speed for occurrence of mass overshoot at each
stiffness level
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Fig. 8 Lockup region and mass overshoot region
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Fig. 12 Stall performance sensitivity to blade tip chamfering
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H Sensitivity to stator blade thickness with
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Fig. 14 Sensitivity of torque capacity integer to blade
thickness
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Fig. 16 Level of hydrodynamic performance achieved
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Fig. 3 Gap sensor installation position
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Fig. 4 Variator test bench overview
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Fig. 5 Radius shift test result
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Fig. 6 Radius shift overview
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Strain
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direction

Fig. 7 Locations of strain gauges set on surfaces of pin

Table 2 Measurement condition

Ratio - [Low

Input speed Ni | 500 rpm

Input torque T [100 Nm

Sec. pulley clamping force [Fs | 30, 50, 70, 80 kN
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9
=
=
i=]
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o
2
w2
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e
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Fig. 8 Measurement of strain gauges set on surfaces of pin
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Fig. 10 u measurement result
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Fig. 11 Friction coefficient result
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Fig. 12 Comparison of torque capacity between estimation
and experimental value
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Fig. 13 Overview of pulley stiffness change



CVTFz— EAYELRNEEICER T DNV OBREBET AN X ARE
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=== Estimation ( Old )

Torque capacity [ Nm ]
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Clamping force [ kN ]

Fig. 14 Torque capacity result between low rigidity pulley
and normal pulley
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Contact point

Contact point changes at pulley exit

Next pin

Fig. 4 String vibration due to polygonal motion
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Fig. 5 Areas of chain noise occurring on an engine map
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Fig. 6 Areas of chain noise occurring on a shift schedule
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Fig. 7 Pin deformation under clamping force
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Time

Fig. 8 Vibration of sliding pulley
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Fig. 9 Modeling of CVT variator
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Fig. 10 Total spring K according to running radius
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Table 1 Condition of simulation model

Part Material Mesh
Body Plastic/Aluminum 3D/Tet
Separator |Steel 3D/Tet
Case Aluminum 3D/Tet
Bolt/Nut [Steel 1D
Bolt
= /‘r Body
y Separator
v Case
Nut

Fig. 4 Simple model for simulating tightening

Height 1 2 3 %
T | N Ee | [ w

o

(2]

©

T | PR | BRemsy L === |

c | TS e

>

£

=

< | EEEEERUR | EEReRIRE ey

Fig. 5 Comparison of surface pressure of simple models

NL—=FTL—b, FERTHERSNEMZE T EOE
TV THRET L7z,

RTFAZE SIS U710 E 59 A & WL A 72012+ 4 70 s
SERFEOVHERETIVIIESESERETHREL, o1l
DEHDOTEIRZ, FUIHCEE S BIEHET LI
MORTA%ENZTNSERE DB SIITOWTRNITZFETL
7z, JENTE T VO L Ay 213 Table 10) TdH 5.

ZOFR, Fig. SOINIESIPIELR5I3E, RIVM
OB Z FHHEALET ETILNDILE R
HTENTET.

& Sx PRS2 TIVO I 55 A AT RS % Fig. 612WF
HCRL7z. —EEEDLL FIZ% AL Shigley ) #: THUR
LCWBHIE A £ 13 B - C, T FE FE IS AT 2K i o
T Rasn, mOEVETFIVTIE, BIEHM O F 237V
IFEM IDH19%)IE N HPH TR AT A L7z

B, ZOOMEOIETIBFig. 70 XNZ2%K M3 A
Eo TV THEOEWICINEL 2B I OMEIZ R
A3, RIS T D5 A R M O3 A 257 v Ik KD L
BN AL MRTE

1411

— Stepl
— Step?
— Step3
— Step4
Stepb
—— Plastic
—— Aluminum

Fig. 6 Surface pressure range for different materials

Tensile stress

Compressive stress ‘

(b) Plastic

Fig. 7 Comparison of stress distribution

T FE (& DB S AR o0 E fif S A K B 3 M E ) % 7R
FTRNTGA—=Tdh5b. LELOHFHZ ARV Ml I X284
WRDER DA TRAZIENTE, INOLDMHEELIET
GG O ML S B R L TR B R T A DE RO
REHME T TAIENMRETH L. ZRICEIDAT—
WENEIZHEE RIXT AL THLHRT OB 2 B HE
PN THRETAIETRTOLEEREZROES.

3.3 R7EFINERW =8 H DR EEF D RERT

AT OERZRHL 2D, i B F R0 % &
BRIV OFGAERE 3 2 LR T 5701 B E T IV TRV
MRS R OIS X BB IO BB E Y 5 )k
ZFHLT, 89 X=F RN %1772,

1) BFETIERE

fEHTE TV, Fig. 8D XHT—2DREFRN D #G
Wi x BB LISV T RTFATHL, RVhO, A7k
KERVNE OB IR LA B OB R EEL,
fli ST W OFATAE REFIHL CREEL 72,



CVT/NIVTRTAEBELIC L DRIV MBS IEICB S DR

Boltx6

v

Body

Separator

Fig. 8 Simulation model with shape of bore

Bore center

N
N1/

Bolt height

Bore center

parameter

Fixed
Bore deformation

paramet? \\

Fig. 9 Bore deformation parameter

RT D3 BHR T4 D BN 2% LT LA i
%, S EFNVERLTHA.

fENTIZFig. 9, Fig. 11DXIIZDD8F A—F %2 4b
SR LASRT DT 5 &R A I 0 38 28 T T % i
L7

Bore deformation parameter : R 7 A JE & [E ELART
AL EE RV SR EALIC LR T A m 2 i
L7z

Bore deformation parameter® f# A7 #% JFig. 101278
T LN, FVPDEEHROPLINOE LR L EIE,
KT DEEREFIIKELRY, B ARL5E121%, KT
DIEETEDIRAZED 5502 5.

Contact pressure parameter : 7R 7 HU L B &RV MR
A SOBREEEL TR TAIESOLALICI DT D
PR ERRL 7.

Contact pressure parameter® AT 5 1%, Fig. 1212
RY INTKRTA DIRSPIEL R HIIEH R O FPHD
B3 A2 La ALz,

1 221

c
2
o=
©
£
t
-9 Criterion
()]
e}
g
3 Bore center higher than Bore center lower than
bolt height bolt height
Differential between bore center and bolt height
Fig. 10 Simulation results for bore deformation
8
[
B E /_\ Bore center /_\
g s
g S[\ /Y Bolt height \ / Bolt height
o}
E) -
B3¢
§is
Fig. 11 Contact pressure parameter
)
oo & Wide
c 1
© 1
e e BT e o e e e e e e e e
o Criterion
>
2
(%]
]
— +
a
=
O
By Small
5 L High
S a---- low igh ----+
Bolt height

Fig. 12 Simulation results for contact pressure range

ZOMKE 757 (Fig. 10, Fig. 12) %MWL T, K7%
R B R HE RO KELMHERL, TNENOERE
PE% i 728 2 ROV MR AR 3 O T IR DL AT TE 7.

4. RERHIIREE

FEATAE R DR T OB R VIZERTOET
KD, RFAEEHIE IS G R EOFHIZIEL 25
2%, b 570, ZNEhoIE#EL-LTn
LREROPTRDERZ WS AL > TEBED
WBREFVERELT. ZOEFVDORTEROMHEHE
FERAE R g L7



CVT/NIVTRTAEBELIC L DRIV MBS IEICB S DR

Simulation
Actual test

Bore deformation

Bolt tightening torque

Fig. 13 Comparison between simulation and experiment
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Fig. 1 Flooding caused by torrential rainfall in eastern
Shizuoka prefecture (July 2021)
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Table 1 Effects of improvements

Aim Impact
(D To make the work of Reduced man-hours
producing data more efficient | by about 70%
(2) To shorten the lead time for Reduced response
providing data time by about 95%
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Table 1 Specifications of JFO1SE

Torque capacity 142 Nm
Torque converter size 205 mm
Pulley ratios 2.200 - 0.550
Auxiliary transmission gear Ist 1.821
ratios 2nd 1.000

Rev. 1.714
Ratio coverage 7.3
Final gear ratio 3.882
Selector positions P,R,N,D,L
Overall length 334 mm
Weight (wet) 70.1 kg (2WD)

Fig. 1 Main cross-sectional view

Dacia Sandero
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Fig. 1 Main cross-sectional view

Table 1 Specifications of JFO16E

Torque capacity 250 Nm
Torque converter size 235 mm
Pulley ratios 2.631-0.378
Ratio coverage 7.0
Final gear ratio 5.694
Selector positions P,R,N,D

+7-step manual shift mode
Overall length 375.2 mm
Weight (wet) 95.2 kg (4WD)

Renault Duster
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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 5.694
Selector positions R+ N+ H—N—DM

+ P button
Overall length 362.3 mm
Weight (wet) 94.0 kg 2WD) /948 kg (4WD)

Fig. 1 Main cross-sectional view

Mitsubishi Outlander
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Table 1 Specifications of JFO20E

Torque capacity 147 Nm
Torque converter size 205 mm
Pulley ratios 2.200 - 0.458
Auxiliary transmission gear Ist 1.821
ratios 2nd 1.000

Rev. 1.714
Ratio coverage 8.7
Final gear ratio 4.055
Selector positions P,R,N,D,L
Overall length 376.7 mm
Weight (wet) 734 kg

Fig. 1 Main cross-sectional view

Nissan AD Nissan NV200 Vanette
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Fig. 1 Main cross-sectional view

Table 1 Specifications of JR710E

Torque capacity 178 Nm
Torque converter size 250 mm
Gear ratios Ist 4.783
2nd 3.102

3rd 1.984

4th 1.371

Sth 1.000

6th 0.870

7th 0.775

Rev. 3.858

Ratio coverage 6.31
Final gear ratio (reference) 3.700
Selector positions P,R,N,D
+ M shift

Overall length 769.5 mm
Weight (wet) 92 kg

% 2L 2WD

Nissan Caravan
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