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Fig. 4 JATCQO?s vision for business in the future
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Fig. 7 Creating new values through units (hardware) +
software
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Fig. 8 Unit overview and customer values
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Fig. 11 Transfer mechanism motions
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2.1 WAFEavET+H

AR & B0 BB ERZEEL, HEHIEH
AE N OKE AR R REE TN TV B 50kW & L
Te. VA RIEHIEFTOBHICE U 7ZHES (Fig. 1) &L,
I E —HRETDREFINEAATRER LNVICRE LTz, &
To, BMEDEEEICREINSGC L2EmL, BehidEs
BEIRONK S ICHEREb RS S L& Lz, E5iC, O
A b EEREE BRI WNLY 5728, HEFE®Z Y 21—

U, MRS AT Lzl T i L.

2.2 hERNFEEHOLHRBE

FhEFl & LT, FEICHIE LIz IGRE O T ERE TR LR
IR
1)JE HBEEE

SERSHTT © SOKW (EIAZ.  FEulE A& [H] 5 2460rpm)

SERSJEGE © 11m/s

Ay A V-Ay B MaGH 3.0 - 25.0m/s
-RTJ— 1 18.9m

-H—Z[ERE D 18.2m

o |

ST Target

i _qu = o

Fig. 1 Power generation and wind turbine size

SEIC, JAIFEEROMREZ T % ET—Rmx i)
Rtk DE#R 2 Fig. 21CR7

Power [KW]

/Rmcd power

Cut - in speed

Wind speed [m/s]

Fig. 2 Power curve of wind turbine

Y AT LRIFEEL A N g AR ER

ok HIE S 2T LGP
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2)F ) UREE (Fig. 3)
FEEE D BEERIA 2 A 7 (TR )
R R EERL iy
IR E sk A AR )
Fh 7 L—3F S R LT L —F
— % . M — 42X T L—F
FHIY A X L44XB22XH2.4m
(17K L3.0XB 1.7XH 1.2)
1 5,212kg

J VB R

Fig. 3 Inside the nacelle

3. AR TOtERETER

3.1 R ITOER

COFE ot AU ERTNETICRE EITFEV A
TLALYY =7 7 (LARSE) ZisHd s Lic L.
SEZ#MH T 5T & T, Bt TIEARERTH S )85 EH
TV EVIFHLOWHERNRICBNTE, YT AT L,
T, BMEEES AT LEEEOERDDEND, HhE
WG ZRO 3 C L &atd 5 EAMREL 55, £
To, VFETO AOFHARZHEL, SREEICBOTHR
AR 2375 % 2 & T, KRIMOR i ZEAT 5 &7%<,
SR SRR 2 FTREIC 97 5.

BRI 7R a6 & 32 BRI DV TRETLIE TR T

Use it as a private
power source

Connect to a low voltage power

distribution network

Ensure reliability
Cost reduction

Reduce environmental
impact

3.2 N— KL RT LS

FNDORE Y ZT Lh 5 F eIV AT LANDER A T—
A —ABKNC & 0 53H Lz (Fig. 4). RidRO@O, HRN
BIEJRE L CoRER T &, REAMKBZIET 57
SHHEHBEHDOE—X « A 2 N—=Z D) 21— A G DA FE
CBWCHEBETHLZ DN

KT, FRIVOKERE - B ERZRNG <L, 8H
KOG LB 2 ET 2728, RSN T
Z/NRIE SR ERE A RS, TRV Y AT LAME S TS
DOMRE L, MRER, FAEER L OYMHEODIN-OUTZ
a7 F X MRS THHREC L7z (Fig. 5).

(HEE1] 3BT 2 — FEEROERK

(HhE2] fElmls % —  femlkées
UKGE3) TlhA (2192 — Tl L—
(HhE4] FEEMREZHERFT 2 —  IREIREAS

(HRES] IRAEZEMH - 5T 5 —

HWHIRay ha—ba=w b

Cooli.ng system Control unit for cooling system
kil

| Skl
jr=-====--§N|| [
== H‘:-lff':"":ir' -1 N
gE [ el = ‘B =
L SER N S i e
|’|F [',l“ -[ . EHEH HiE)
ower generator | f . o
| I: & speed increaser Li F:II-._
Brake system | Yaw control device
' adhill =
| |

Fig. 5 Context diagram

transmission system

Contribute circuler
economy for society

JATCO
Generate Max
50 kw power Expand the compitency of
Power generation &
Reuse
Mot./Inv.

Fig. 4 Use case diagram for wind turbine system
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ZTOETHREROERZERL, HEMEZEID T, 3

i

MrikatZE M Uz, TEAIYR—% 2 h & UTHERK
W EE D EEEISGE TR OE— X « A 23— &
ZRH UTe. 7z, Sl MEmECROD 72 8 FHill[A145 13 60rpm &
L, HdEOF V10282952 LT, E—XZRAR

RCHIETE B X5 et Lz,

Co LTt E NI s

D EREZ Table 1, Fig. 61/~ .

Table 1 Function and specifications for wind power

Request (R)

Function (F)

Specifications (L)

Generate electricity

Generate electricity

Motor regeneration output *Kw

Voltage 240~400V

Transmit power
(Determine the motor
operating point)

Speed increase ratio 102.8

Transmit power
(Ensure reliability)

Spindle maximum input torque 7,958 Nm

Spindle maximum speed 70 rpm

Ensure quietness
(Main shaft speed 60rpm)

Reduce transmission loss

Transmission efficiency *%

Operate continuously

Control inverter water
temperature

Water cooling mechanism
(for commercial vehicle use)

Lubricate gearbox parts

Built-in electric pump

Fig. 6 Exterior of power generator & increaser

Nacelle and
tower side

Hot air
increasing
gearbox

Wind turbine

blades Circulating

lubrication oil

T LTSNz F IV AT L&, 130580
MBECHE I E N, HEIHBXUEEKSRESIRL, A
RIE N FEMRORF a7 N EERET iHR 2%
B U7z, FLAEHIC B 2 58 #I A 338 2 b e
W, BmIERICIY T, ESIKiHRON BV TES
(Table 2).

Table 2 The reuse rate of automotive parts

Nacelle ASSY 29% Approximately 40%
Power 18% A ) o
generator & o pproximately 50%
increaser Motor «

Inverter <«
Lubricating oil pumg —
Sensor «~
Lubricant fluid —
Gear
O-rings, etc.
Nacelle system 12% 16%
Cooling system —
Coolant —
Sensor

3.2 HE S R T LERET
JEIFEEBERDO T X T LD S B, X FEERK
DOHEFFEELDTZDICLL R D (1) ~ (4) DOl Z#HY L
7z.

(D) FEERRO KT HIAR OV EH) S il #

()R O g S I & R R

Q) bR I D < WlREE OB/ 1

(HELHAREEMIE,  EALS AT Lfg ik 72 B0R
HHITEIBHFEHIPH Z Fig. 71T .

Ground syster

Cooling and lubrication ) side
controller (PLC) Machinery
v " Ground system
‘aw motor,
Pitch angle actuator, controller (PLC)
DC Power supply

circuit breaker,
etc.

A,
()
A 4
In-Nacelle
controller (PLC)

(4) Requesting system
stop in abnormal
condition

(Variable voltage, Variable friquency)

Wind i
Torque/ !
Rotatiog Motor/ Inverter [ | Power | ac
Torque/Rotation | Generator (AC/DC) [==========~ ! conditioner | 3o
High-speed (forEV) e (forEV) D 350 (DC/AC) —
Wind
5@ 50/60Hz

Fig. 7 Concept block diagram
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JAIFEEY AT L e U TRAID D TH O,
FIHFIHFIETH 2 M1 FEEERA — L HEH L
3575 % LB TH - =78, FERMAEOBAREL &
BEE DR WHANHEEGHETH > Tc. T TEA
LF v — REDSEDY — )VEEHANWSE C & T, W
WTOMRDOIERKZ T W TE . HFEBHF
CHIE AR E A E LR DR A I T F v — R D—
il 7% Fig. 817139,

Out of Cooling and lubrication system Out of
scope boot sequence scope
Main Cooling system boot request ‘ OFE | ON
PLC Inverter boot ready ‘ OFF I ON
] S
Cooling system boot status ‘ OFF 5]'
T
Sleep state -

Cooling & lublication

system state N
Cooling and Wakeup state |

picatonle eW/P PWM Command ‘ 0% Eaid I

Fan PWM Comman d ‘ 0% |

I = I

O/P Revolution Command 0 rom |
i e ]
‘ D A
@W/P revolution monitor ‘ 0% 41/-’ (reach Ihreshbld)‘
= [

|

| |
Fan revolution 0rpm | ‘ |

| v
L | P
€OIP revolution monitor 0rpm 4~ {reach threshold)

Fan

Fig. 8 Timing chart

IR 7Ot A & U T Sk TREEMIICER T L
T > b Model Based Development (24 FTMBD) 7' 1
L AZEMA L. 2hic XD dNORIEET IV A
72 ) OiEH & HE B X O REI Y A D Y
THVA[HE L 73 B, FHEHEN— F T = 7 HVRTEMD
E% B /» 5 Model In the Loop Simulation (24 N MILS)
*® Hardware In the Loop Simulation (24 HILS) TH:
REO 7B Y ha—TF 0 YIUMAEEE TR D LW o Te A
Uy b H 5.

SEEFEEXMIPNHAI PR —FTH S
Programmable Logic Controller (L PLC) Z$¢H L
7z MY, PLCICIF M HEHEDCEFEN— A TDOMBDD
FHFEEREEM B i S T W iah o Tefzsh, 4 [EIPLCHA)
IMBDEREEOWEEE L PLCEIEH DRX—AV T FU x
7 ONEBIFZTT > T2, PLCIAIIIMBDEREI LV 7
Y 7 WG OEE 2 Fig. 9IC/Rd .

F7z, MBD7'1tz R &K O FHEFRICHHFE S N7zl
TFILDO AT E&Fig. 101539, ARSI A 7%
EDNMMZEIZLIza7 7 ) r—3a Vo iz
IRLTWBD, Fig 7ICHEUTMERERE L x> TV 5
b5

o = = Model In the Loop L l Hardware In the Real
In-house existing { —h—m Simulator /-3 Loop Simulator | | oo
model library g —= (MILS) N (HILS)
B LTI PR PTOPOIN . C-Code [m - > _wm__| C-Code oo . NG :
: - :

ECU-ROM i generatiol eneration : PLC-ROM

! T ] =

Control models
S T T User's development area
i : (MBD/Legacy C-Code)
: : PN

s

. | 3 g

N ]
ECU Supplier's 5
development area

 Main process

a1

u

PLC-OS (Linux) |

Fig. 9 Overview of MBD development environment and
software structure

=

;[: = l _ -

. . £o ! 1 -
— et = :
— (8)Auxiliary machinery | ===+ i
= starv'stop control s i
2 —t =
3 s 3 = 1—

— J B =
(4) Temperature monitor —— i -

(Fail mode detection)

+
—
¢
¥

Fig. 10 Control model diagram (core part)

MILSKRGFIC B W T, coar7iic s> &
T )V 7 Pk U T2 B CREAICEIEMGEZ 2 L, #i<
HILSHREE T THa¥E L CW/ZPLCOX— XY 7 |k
Y 7 ERSREE - A ETIVERSE L THEITIER
ICE LW, EPLCE HWIMGEEZTT-> 2. T hic
KOEEINZ YT T F 2 T— X OEHHIPHIC
BTl &R EES 2 2 & 2325 tElaiic
R T E 7z,

Z 1 5PLC N DOMBD;# H & MILS/HILS:#E A 1< &
D, BEETIVSATZYDMEMH, HmENEF—L
MR CORXE, Mito7arra—7ro > FIck b
BRI DIEMZ XS C N TER. T SICHEIRM
R E UTC, WO FER N T OPLCHIEIBIFEIC
BWTE, MBD@EHHENEH T RIEIET IV 1T
V) EHEHA LB AF—LOWERI LW TE
TEMTEIZEEZS.
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3.3 EERIREL

EEREE L AT & FARIC BRI b A TH
WHNBZVETOR Azl Lz, 2% TR CikdEZz
ML, SR U ETROTRICHESD TIEZ BT 7=
o, BIHETHEMIBEINZ Y X 72z % L
MTER. Sh, TEZYTATL, TR, &
HD3DICKI L, TR TERMARIC T S MGEEE
i L7z,

5 TR & MG H O R f% 7% Table 312719 .

RDICT T AT LI CHGEEZ 1> 7. 72X
T L, FEERE B A G DY IIRRET, FE
EBARE, WAUKR O 7R & 8 EH O AT 75 PEfE
EASHEMEMGE 21T > Tz,

R, FrRVICTHGEEZTT> T2, FRIbiE, ¥E
BN O BdRg & JHA =y s fB G IRRET
EHEICEEES Y, HETWIC K2 880ES - 5
1 —7r 2 A5 E DORERERGIE ) CEFEMERMGE 217 >
Tz, & U CTIRIRICEAEEDIRAE TG IR ERE, HEEE,
MM DOREEZ B E ST > TV 5.

Table 3 Relation between each process and testing items

Process Performance | Functional Reliability Durability
verification | verification | verification | verification
Sub-system O O
Nacelle O O
Wind turbine O O O O

2T, Y7 AT LDMGEEY AT L7 Fig. 111
KRG YT VAT LICTRETZHRANRNLVIIEH
8,000NmIC &9 5 /s, HEJHICHEKINS O
K= b Z2MGEEd 2 BIEEDORE Tl NIcd 52 &
MTERWV. LML, WMEET 2 7D HHIC K7z
BALEGG, GREEAIAXNDFETSEEE
12, EMAIC K SHFEHENDENNERZEINS.
T DY, BREFICHEB D T2DDIERZ R L, |1
DB E UTHEHL, s zREHE U THER
T EMALY AT L7Z8WE LTz, T ORE, MEET A
T LB A TR b KIEIC KT % 2 EAATEE L I
D, HICHRBABICEEZ IFT &k, Mtz
{7192 EEMTE.

Pewer  Cooling system
supply  used for testing

supply
Gear box used
for testing m
T

/( / Gear box
Generator
used for testing
[1]

Ilnverterlused
for testing

Cooling system Power

Main shaft used
for testing

Controller used

for testing - - Controller

Fig. 11 Test system of sub-system

RIS FVIVOREGIES AT LN Fig. 12179, F &
JWiE, Efhe ZoRMa=y N RT, RERHI= Y
Moy FAHAEDEINTWS. L
L, OO —ZNHREINTWIRNT LICXD,
JEl75 & DOHV )T EHh 72 [BliR & SRGEEZTTS T EMWT
Tixholzlzs, FEMZHEKE U TIHEX B,
ZORER, MHAETHICXZEE R CES) - 21—
o An ERRERGIE /R E R TH T N TE T

Cooling system

Gear box

Front bearing

Main shaft
|'_\l o -
Ir-
] B )
Generator — | ' - . | | - Yaw gear
Inverter g/-
l

Yaw control device /ﬁ

Rear bearing
Brakesystem

Controller Power supply

Fig. 12 Test system of nacelle
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YT AT L, F IV OGRS S D — % Table 4
IZ/RG. Table4X D, HARGECERMAEZTGE L.

4. RELFER

Table 4 Testing results

Process

Items

Verification
results

Sub-system

Rated power

Rated speed

Rated torque

Efficiency

Maximum coolant temperature in
generator

Maximum oil temperature in gear box

Nacelle

Sequence operation of
start-stop

Rotating operation of main shaft

Operation of brake mounted on main
shaft

Yaw turning operation of nacelle

O] O|0| 0O]O| O]0|0|0|O

C T C, JMHEMERED AR L 7% B FEEERL &
AEAS B 2 Fig. 131CR9. B #@ Y7
FYIZHRET D LT, HEHHE—ZDOFFED
HWEEZEHT 2 2 EARREL 2D, HUf/xyEE

K& DR A5

WIRZFEBETETNDE I L5,

Torgue[Nm]

RIT, HEARRE O E RS SR Z Fig. 14119,
G, TV — 275 8 H B m ARG E 2 JE L
HI %7, #Hiizzdla s v 7 Z2#0 A TZPLC
IR L TWBE D, E—XEE, 123—
ZIREHICHFAHIHAZ TElo, EEE LTEREIN
% ERE O E G EILIC BV T REZR W T & DRRGEE

T&Te.

Rated power condition |

e-maotor speed[rpm]

Fig. 13 Efficiency testing result

Good

Efficiency[%]

Bad

Limit temperature of e-mator coil

Temperature of e-motor coil

Temperature of power medule mounted on inverter

Temperature['C], flow rate[L/min]

Temperature of cooling water
Ambient temperature

Time[min]

Fig. 14 Temperature testing result

C 95 U CHEEGEAB IR EE N )V 72 FEEE R
DRI FEE R T —ICHPPAATE. F IV ZFig. 151,
JEl 15 E R Fig. 161”9,

Gear box  Brake ear box

Front bearing
Main shaft
Cooling
machine

Measuring devices for testing
Front bearing

Gear box Brake Gear box Main shaft

Fig. 16 Wind turbine generator
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5 F&E®H

EREE R ZET O [E PEF)SOKW E ) 36 - VB FRIC
PRER L, SEREREOUEZTE T E 87, HEIEHE M Z
ZRIHT B C & T, BRI O, 3 X MK
DEIARDIL > Fe. BRI, FEEITTIREOE—X,
A 2 N— Rl LB RET X OS2 MR
RECE. 2k b, HEEHEE O H TREMEZ
WERR T &7z, AT, CVTORIF i L CTHREMENT
EI=SEEXARFAFRICE AN TH 5.

6. HEMNE

L%, TRV AT LISy T R L, FEE
MBI, T LU THREDOENZHIET 250 (B~
=AY MICHHEL T FETHS. T DOFEFl
HEETEHZE, DEDE—XR, A N—&, JH#H
BNy T ) EBEZOE FICEINT (EVEEINT)
ckickn, YATLY TS A (Tier 0.5) & L TD
BT LIRS,

1. BEXH

(HE 7 7 —#ka X Mg LR - 2 7 2 — iR 7 —
A= a— b IIVEANBFE - HEREESE (KRS
FEEERRICBE 9 B HAfiBAFE - JZ5F) BRbERS M &
QO24FEFEI T TIE)

mEE




IR S

EV/S7—b LA VEHNRA8VE—2ERIBE

K& *

At/ PA

Hl* M E

# &

EFEDH—RYZa—FFIIVANDOIOHAIC KD, HEOBEIMEOLEENEX > TS, [ARFIC, &EHEH

WO AX N FREIMA IR TFNIE R SR,

IR MDD T2 DITAREBES AT L2EE S 5 &, HEOHNZERT 2IIERERVLEICE S, KES] -
KEES AT L2FBT 5728, 48V AT LZzflicist Lz,

erRl, KBRS RDD, E—XOEm IS EIT REFRICH)ISTE % E— X DOEREEICIE o7&
BEORETH . SROMFETOT 27 FTE, FIUAI vy gy EflAGDE TE— X WG Z PR
U, ToaiifilhiResgiil, E—X O bZMld % C LIic X D HiljA\DOfE#Z nlgelc L7z,

ARETIE, B—ZDMAHPERNEIG 2 FHS % 72 DITTE L7e i DWW TR 5.

1. B®

FED =R Za—FF IO D MK D, Hifij
OBBHILORLEENEE > TV 5. [, EHHEO I
AN EREBMZ TN ESEV. ZOFERO—DN,
BEI R N TEATZ 248V AT LORATHS. iz
2L, 48VRIIELEMENTz8, E—2DEHkicns
BRERICHISTE S E— X EREENREL 25, 5l
DOFFRTIE, FIUVAIvyarvEflaabeTE—XI
FBARSE R RIS % C & T, B—XDOKRILE+571H
Z CHFZ A[HEIC L7z,

ARETIE, B—XOUYEE 2 RZBd 5 72 »ICE
U 7R DWW CEA 3.

2. AFEDRLN

ZWFFE S % € — XIS/ NREmADFR ZE L T
%.

ek /N RSO H 72 HARIC, @bzt — X 24
M52 TELEZa37 MeEHEB L.

ZCT T, B=REAUN—=RITERE NS MEREME R XD
KoIKEL L.

48V

o IKRA 2N— 2 E 905 Arms

o BT IWAR—FEREIR, A2 —H#RdD T2 D DA

FEil3Z452Arms

o B—2HJ132kWELE

o B—ZiREEE20,000rpm

« HEZE—% NIV 732Nm

2.1 MYBEANESHEMRE L TORREK
RCDVEREEM 2R T B ICiE, E—Z 2T HERIC
RDBEITHLT 2 E D > Tz
(E—ZDOm LIS BREMCHISL TE—
2 A )V DEREEZ MRS 512, TV
BERESL, Ay FEELRELSTE0ED
H5. TOHE, AT—ZAEMBLRELED, #H
MANDOEFMENELTLES. THIC, HEE
TORBEZF CICRE G5 EiiEE 2
oL, FBADKEL LD, AEEME NI 2.
CO7UY s bTE, HFgANOFRAED LN
LE—ZDY A A ZMFFT 2 R0END STz, TDIe
W, BIREEZIEREFCICREENS, HAHE
HIZDICHN B ERZIA 2 JTIENRBETH - Tz

) N—ya VIR BN A T
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EV/X7 — b L A > F/NBIABV & — X BIGEE

QE—ZIF/NEDDERICHEA TN TVE Y, @i
WCHEIT % L BN REL R B EENH T, X
To, E=2EaVNT FERETOTDRARNNE
W, ImENERIC R SRR EINT
Wz,

2.2 BEREEMRIRT D= DDBBREHFRDEE
221 E—RERDI—HOEE

SRlO7aY 7 b T, LS L zEmtE—4%
Te N\ — BRI MG LTz, T OE—R7EZ22— 1L
BRICT B &, REGHIZC Ny TV BEZBZ % FRETE
WRAEL, wBEEHIPESNEN Tz, —T, 12—
HRE TR AEBHRD,000ArmsZH 2, SHOE—ZE L
TRHFAATERVERETH - I-.

ZZTHODLS 2 —MEZRET LT, RERE—X
HAREeNTD, 152— O aIVEEICKD A
Oy FNOIANVFRHERIIESDENRELE. Lith-
T, 42D 157 — & zEYICHRIL, 2DD 3% —
B EYNC R UTe BT IV AR —Pic A Uz,

BT INWAR—HEROBRAICE D, AZ—#fIES 720
OHEM J17Z216kWE U, BEIRHEEZINZ LN HED
TR T132kW2 KT % T &M TE T (Fig. 1).

Target values: 32 Nm, N-T characteristics
35 32 kW (2) 1 turn: Large current }

30 (3) 1.5 turns: Low feasibility

25 (1) 2 turns: Low output

Torque, T [Nm]
S

0 5000 10000 15000 20000 25000
Motor speed, N [rpm]

Fig. 1 Relationship between number of winding turns and
motor output

1 81

2.2.2 BRETOHEXR

ClEEEEZ R L, mEsToOSEZ Rk Lz,
DIEDAY w b EUT, SFEEENEK DRI
Lz, ZOME, maRimor ORI D&MD, B8
DRI DR D, Fie, AAINEYFEFELITZH LT
HRROEE /A0, SHHOMBEAFTE 5.

co7uY oy b TIRERIE E T EEOMEEHAGD
BT LT, ANVEENESICELZD, #ENESIC
KR E Nz,

3. TATEBEDRE L TDRRREK

COFET, XTIWA2—HHiOE, 2fifE, 34—V
BIRICOWTHETT 5. Z—VEDTEDIzH, 22—
Ay hE1IZ—=YZay M T»5. 1Ay M
3R—VETULHIBI RV, X T7)IVAZ—HERRE ORI
Ay MQ2E—VE1Z—, TlE31I2—2822—20
HAGDLETAANZHAT S, IO HIE ATy k
WO A IVDEZICHHIT 5728, mAMHEIE 22—2D
JA)VDAT Yy METHRAT .

Fig. 2IC”9 K 2 1C, VHZEIAEICHEIET % &, vIERR
EV2IBRRO2Z— a4 )VD Ay NIRRT, R
T HRIHZENE T 5.

Fig. 2 Winding diagram for double-layer, full-pitch
distributed windings
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ZOREHR, Fig. 3ITRT K% 1AT Yy My OMHNT
TR BIERENRET 5. vIBRDPRET ZHH V2
AR T 2RI E L, B— 2RI
FACHSK T RET AR D 2. TN zfh Snfd e
LT, BTIVAR—FERRE OvIBER & v2BHR O ET
FIEMENAHIC R 2 X DICTZREND 5.

Conparison of fundamental waves of induced voltage for
double-layer, short-pitch distributed windings

15

Voltage[V]

Times[s]

e \Winding1 : Fundamental waves of induced voltage

s \\/inding2 : Fundamental waves of induced voltage

Fig. 3 U-phase induced voltage waveforms for double-
layer, full-pitch distributed windings

SENGEEIEZRAL, BHREZEZHEL, 31V
Cyw F Bl T 2E8MAEZRA L. ZO/ME, vk
MRO22— > 12— DOELENMEICH LT, v2E&IdE
SZUA180%eld N TOoAT Y M9 5 LizhiElcAkRICEE L
Te. ZORR, SHOFEEBE A —DOMHENMES N
(Fig. 4).

Winding pitch changed
=/

Fig. 4 Winding diagram for double-layer, short-pitch
distributed windings

19 1

Fig. SI/RT K D1IC, TTTHIHALIZEBROEHICKD,
VIZBHRE V2BIROFEEIT 2[R CAHICT % T L DVATHE
iz 7z,

Conparison of fundamental waves of induced voltage for
double-layer, short-pitch distributed windings

15

Voltage[V]

Times([s]

=== \Vinding1 : Fundamental waves of induced voltage

w====\\/inding2 : Fundamental waves of induced voltage

Fig. 5 U-phase induced voltage waveforms for double-
layer, short-pitch distributed windings

BRI O A VB E ZFig. 619, X7 IV AR —ERR
BT S UM, WHOIAIVORES, #idho VI~V
ORE & O ERMFRE RS, COIAIVEEICKD,
AECEEHE DN S BB T E .

ul1 ©o
vl ( X}
u2 @O
v2 @0
w2@0

Fig. 6 Final winding arrangement
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4. #R E— X DAL EEIIE 2 0E U A5 R 2 Fig. 8IT/RT.
KICRT KIS, BT IVAR—FERCIEU-VARR & I AL

E—2Z8EL, MhRE, EXIVRHEZIERE L7z, Fig. 7IC MZENRNC E DR TET-.
E—R A IVDOHNEIERT .

Winding 2:
1I-V line
induced
voltage

Fig. 8 Measured induced voltage waveforms

Fig. 9ICE—2 D)1 MV 7 OWERERZRT. T—X
FHFIEEH LIz BODOH I MV R E LT, A 23—
2L DOFHES 21T > TWR W 43,000rpmffiic T kb
IELTOVED, BRMVZHEEBCH %4, e 7RI
FTHUXHONEO O NMNERTE S AR TH 5.

35 Measured motor output torque results
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Motor torque[Nm]
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«

0
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Motor speed[rpm]

Fig. 9 Measured motor output results Measurement point

Fig. 7 Photos of windings (appearance/opposite the
connection side/connection side)

SlEfRE Lz A IVEEICHE> TaA IV =EWEL, )8
FREERFFEHTACETaAIVIY RENHE L.
HEEHRETIE, 17.7Arms/mm® DEFREENMES NI,
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EV/X7 — b L A > F/NBIABV & — X BIGEE

VIal—ya VOR, BKEEKICE—ZDE5R%
HNSHT 2 RN H 2 T e o Tz, FREBHEE D
VIR ORI K D, Fig. 10laRT K1, E—X
DOHINEIRAK42kW, PV T IZRKAINmDAF TE 5.

Simulation results for motor torque / power vs. motor speed
45 45
40 40
35 35
~ 30 02
£ <
] % ¢
= =3
g 2 20 &
e <
5 15 15 §
3
s 10 10
5 5
0 0
0 5,000 10,000 15,000 20,000
Motor speed[rpm]
—— Motore torque [Nm] === Motore power [k]

Fig.10 Simulation results for motor torque/power vs.
motor speed

B EHHDO Y I 2 L— 3 YRR ZFig. 11IRY. T
DE— 23 mEdE T OBIE Rz Hiy & U TR ZERH
U7z, ZORER, I al— 3 VB3 it
&L U TRI22% KR E Tz

—F5, AGHEE NV R TR EETE ORI K S LS
EBDETICED, SHENT%EETLT S LN THE
N5, @R TOPARDOIIIC K © FHEMHE E KI35%{K3k L
Te. THUE, REIR RV 2T AORETREIRDINE <
ol abBEATNVD

Comparison of losses at different operating points
Comparison of losses for short-pitch and full-pitch windings

3000

2500

2000

1500

1000

500 IIII IIII
[, [ ]

Coppﬁlossat 1000 rpm, 40 Iron loss at2 DDDDrpm 12 Copper loss at 20000 rpm,
12 Nm

Loss [W]

u Shoﬂ -pitch windings = Full -pitch windings

Fig.11 Comparison of losses at different operating points

HIBAFE T — X 2 5 U 72 I KX 2 BTl e R
L7z, 195N 28/ & g DR ZFig. 121C/RT.
Z OSSR, HENEEOW EREZ RIS 5 T & DR
N

Measured results for relationship between driving force and vehicle speed
80 r 3,500
- 70 - 3,000
=
E 60 F 2,500 7
T 50 ©
g - 2,000 &
S
< 40 =
e - 1,500 &
% 30 .E
4 =
20 - 1,000
10 - 500
0 -0
10 15 20 25 30 35 40
Time[s]
—— Vehicle Speed — Driving force

Fig. 12 Measured results for driving force vs. vehicle
speed

5. &f&IZ

BV AT LTEWE—ZH N Z2E5 T LI 3HLVNE X
NTE/z. LML, ZREITE—XDUHIEREEZ RS
% TE—2ORE 2L, AT Lo/ /)N
RUHMA\OERZ I LT (Fig. 13) .

Fig. 13 Photo of prototype demonstration vehicle
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EV/X7 — b L A > F/NBIABV & — X BIGEE

SRS UTHIC &0, mdfbic K 2 SR nO@E
L, E—ZOMEEE - mHMEIC X5 KREFRIEOEDH
FIDMRIRE NS T EDHERRE N,

VY AT LICHEE N, MOEEL NIV TEE U
7zl L TE—2 M OEMZR2ENTES. L
Mo T, AEARMS/ NPT A, EIROHITEIC =Rk R
HLEZTVSD.

6. SEH

(DARAR 7205 BV BR#> X7 I\ E-AXLE 5 R & - 5%
FEEIRT H AR #2355 VOL.30 NO.1 (2022)

QH® I RX7 v 7 TEVEE N T | 1348VEREIT, J7 L
F LS RZZDAWDE/F L,  https:/xtech.nikkei.com/
atcl/nxt/column/18/01537/00121/

(3)Car Watch 7' 7 LA, [EUNRUEESIHE)HE [48V 8 e-
T4 H—12 TN B2EDT Y/ mY—]E 2022 Kkt
TIXYNRVTLIT

4Ry ¥ 2 WCATLE B, HrEO20%ICHE A %
48V)NA 7 VU w Rl 2 %, https://monoist.itmedia.
co.jp/mn/articles/1909/06/news041.html

(5)Daiki TANAKA, Akira SUWABAYASHI, Junichi
ASAMA: Downsized 48V Motor Winding Structure for
an EV Powertrain, EVTeC2023.
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s FHER

= [e

8 DM TiERF

N L

5 HTH @kt

# &

WML K D BEAYE
ity F> 7 Wzm bEEws TEZ R L. B,
REAARL - Tk LTz,

Mg b U, MEEEREDE L < &% (BEERE). AR T, ﬁﬁ%i‘%ﬁﬂﬂzg U, MBerr -
PR TCIE 57 R S 7 iR T X B AR

it U, RIS e T HE

1. FANE

e-Axleld, HifljDZE JIMERECMEZE L R EFE DO S 5/
BENESREN TV

e-AxleZ/ ML T B ITld, E—ZO/NHEPHREIT S,
ZDi®, @i kic X > TN X S VI Rk
iV, Iz RS 5.

E— & ER PRI K O JosiiE b B & Sl & 7R B T
O, HEMA TR0 EMBREICRS I ENEZILN
%. EEERE TR, OB Ea IG5 729
BT E DORENRZEINS.

Z T, BHFOMFENT & FETH U, 2l 7t B O BEfS
ERREERAR U .

2. WEDMHEMEERLDOFE

BT EREMEBICKDECRBRTH S0, HEie
JBJE =R MmICERT, BTz s 5.

I B 22 5 0D s < 55 D 0 it "C U 22l 7 A7 AR ZE AL L 72
FAWT, fERmc b aEz RS e % (Fig. 1). LML
A ARE P TIILE I RMICH K B 728, NEXT

R O E DB A O IZ N T H % .

ZDiz®, WETIEEMA LT Y 77 U TR
L TW5% (Fig. 2).

T T, s ARE 2 TE- T 2728, AR
Z{CHFTICHEANBER L TWEREE 215C, H DA AR
ZUH%E Z O E MR T M2 R L.

Nitriding | 5=
treatment
layer

Automatic transmission Base metal \ e 5
planetary metal washer 20um

Fig. 1 Surface cross-sectional microstructure
after gas nitriding treatment

High

Cost, yen

MoS, Gas soft
treatment  nitriding
treatment

Fig. 2 Cost comparison

3. MEMEERIZDOWNT

Table 14 [EIFHFE U Tz b O AR R 73 72 77T,
RFZEZE S L, FEANBGER UL CRHFATERD i HioD
WNESEEE IO KDl L. EHICEYTTY, NFY
T L2 T, A ARECALERRE O b7z B U 7z,
T DR S D BAFES 72 FA U Table 20739 88 TRE Tl
H2afF U7, BIETHROZHEFIRE LT, PHFRhEsk
TFOFIPHNTDRMZEEDH THISTE 2.

* A N— g EARBHREES
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HEIEAEE QMM K - TERRE

Tk, eiss e LT, BEFEORET & RN E (i
b= 77 V) ERRZETT > TRV (12 EEA
R L) ZHW .

Table 1 Main material composition (wt%)

C Si Mn Cr Mo Vv

Development steel | 0.34 | 0.05 | 0.34 1.12 | 095 | 0.25

JIS SCr420H 0.21 032 | 0.87 1.18 - -

Table 2 Manufacturing methods comparison

Method Manufacturing process

Seizing Develop Qllencl!mg and Quenching . Gas soft
countermeasure | ment tempering Forging | Machining | and Finish nitriding
specifications + Gas soft-nitriding sing s processing 8

treatment tempering treatment

Current | Carburizing, quenching Carburizing,

and tempering P p quenching P MoS,
+.MoS, treatment and treatment
tempering
General Carburizing, quenching 1 1 1 1 —

gear specifications and tempering

WEDERBMEES DA

4.1 REAE
AR, pEiE RO O p S YsEs & U 7z (Fig. 3).
%ﬁﬁr’nﬂﬁ&ci%% 2—)VCIEBR%, JCPBEMEI TS
Wi S i3~ 7 a ey —Z (HV0.1) I THlE L 7.
Tooth width, Cytting

direction

This tooth ~
. "~

Observation
direction

— | Tooth length

Fig. 3 Gear evaluation cross section

4.2 BrmEAR, HEESOBR
Fig. 4ICWrim#HAR, Fig. SICHimml & 0% R
KEILEYEOERDRD SN, MOBEEMELLED
BEEME SN

T, HEERES IO A K O HEE L cfidZz Ty
%.

1241

Nitriding
treatment
layer

Base metal

MoS, treatment

HV
o)} ~
=} =}
S} S}

T
=}
S}

Development
Gas Target
nitriding

treatment

Vickers hardness,
g B
o o

N
=3
Is)

0 02 04 06 08 1
Distance from surface, mm

Fig. 5 Cross-sectional hardness distribution
5. BEfTEETm

5.1 STt

alfE U 7o M B CHE & Rl 72 5206 L 7z

Tz Table 3, 4IC/Rd. FHlIZEVEL O mEEST (K B
Wy EFEHE (i BV D) Ze e L 722K HED bV 7 T laldig
B2 L, P AH2NBBEIC X ORIl LTz,

SRIE S NS R, 37 RICR % ERE
INs.

Table 3 Low torque evaluation experimental conditions
(high speed driving simulation)

Number of rotations, rpm |4,000|5,000(---{10,000

Torgue, Nm 202 | 202 |---| 202

1t L 1t

Observation Observation Observation

Table 4 High torque evaluation experimental conditions
(simulating starting)

Number of rotations, rpm |1,000(2,000(---| 7,000

Torgue, Nm 625 | 625 |---| 625

1t Tt 1t

Observation Observation Observation



R EAEE O - TR

SN, BB OBIR TR T RO A 17252 %
TENTERo. ZTT, iMiimiEzE L35 &T
TR B e LD SE & U, BITEVHEO2fELL B
[E iR EL (37 [E0R) AH DL Tl & EZ2FEHl L T %
(Fig. 6).

F7z, BEMHICB 2 MBI TH 5.

Scope of  Equivalent to 30,000 rpm
evaluation for electric cars
A—p

Low
lubrication

<::| Oil : ATF

Oil temperature : 110°C

Friction coefficient, -

High Low
torque torque

Sommerfeld, mm?s+ m/s /MPa

Fig. 6 Stribeck curve

5.2 FHEfER

OWZE

AR B D BRYR RN & TR L7278, BAZEtLER & —hifk
TV T T EEBEAT, IRERPEANGER LI L2
5L EDfthEr 2 TH - 7 (Fig. 7, 8).

5mm

Fig. 7 Development specifications external view
(after low torque evaluation test)

More than 1.4 times

More than
2.2 times

Seizure PV, GPa*m/s

Devel MoS, Carburizing
opme treatm
nt ent

Fig. 8 Endurance test results (low torque test)

ORNE I

FIFEAERR G BET DV <, IRERBEANGER LITx L2.2
UL EOTBEN EEMME SN, HbT) 77 ot
U LAR5LLEDMBERT & DS S iz (Fig. 9, 10).

Fig. 9 Development specifications external view
(after high torque evaluation test)

Equal

More than
2 times

Seizure PV, GPa*m/s

Devel MoS, Carburizing

opme treatm
nt ent

Fig. 10 Endurance test results (high torque test)
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6. BE

& BV T ORI TIE, BIRMRRIE it EY 77
BT U LA LL EORSRDNE SN, KMV 7 EMHT
OFHETIEHHE & BITHf < T R T L.

T T T, HEADMERTE R > A& MV 7 Z&E 05k
BOWH 2R LIz & T, HEE S DB KRB
K4 pmOERERTH 2D, WMER LTV 77 0
5916 pmEAFFEE R Z N T & Wb o 7z (Fig. 11, 12).

ZD7®, BFEERE LT 77 I N,
HEHERH N BRI EEREME DY <, AR ML 7 ST B e
EHICENTVE EEZ .

Nitriding

treatment g
layer N
Base

metal

After evaluation

Before evaluation

Fig. 11 Film thickness before and after evaluation tests of
development specifications

MoS,
treatment

| s 9 e, ) }:'m |
| s B i

Base metal | It P AN ; !
Optical microscope  Scanning electron microscope

Before evaluation After evaluation
Fig. 12 Film thickness before and after evaluation tests

of MoS, treatment

1. F&EDH

E— & EEEHE IS K B M E O E D - TES
MR T ZBFE LTz,

A & FEANER U, H ARG LR A A DY,
BHERPRILER T H 5 LT Y 77 VAT, @bt
FEMWNERT E T,

Kz, BUFELESAFOHIPANTORMFETEDH THILT
EHOT, LT 7T VU ORI LEARZMCT B
TENTET.

8. BEXM
ANEBGSE,  hnigESsE, SORRM, (LR R EJENREL R T

Dt 11710 X B2 AR « TIEORFE, FEsssmss
FRE2023FENT 7 20 R

mEE

I

£33
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Smart Factory;Z&hlcH1T5

i e EE

el S FRIE R L DER Y FH 4

P

e FH

# &
FINMLICK D, 55 aXE

c EOBH M EDTz, PV O T, 203XFEEE TIC, mmaiERz

FT %% 1098 7% HE L TSmart FactoryiG#) Z 17> T 5.
ARETIE, RERMET— 2D AR I & SEE i m BICDWT, RERMEMS AT LOXT Ly b
bR 7 7V BAFEIC K > THRBIL, Smart Factory!FENC EHMA L 72D THET 5.

1. o +Fa® Smart Factory ;&)

THER REEER (BAF, fR4) Tli&, Smart Factoryif
B, LUFO3AT Yy T TROHATVS.

Stepl fRERH T — X I

Step2 PR T — 2 73HT

Step3 TAHIRE, HEMHEE, MP (#H LLREDI < D A\D

).

BIEIX, Stepl E20DRICWNT, T AH5%FHEL T
WA, Step3ilfE T 0% %2 HASIC, #fE v ARk & 3 i
fEEEm LICE D ATV S (Fig. 1).

Step 3: Prevention OEE|[%]
Factories capable of maintaining
maximum efficiency A 100%

Predictive prevention,
corrective maintenance

: . MP -
Step 2: Dala Analysis Digitalization_ %\ 95%
Factories where do not make a ,’
defect outflow PRg

and do not stop lines ’f
Maintenance equipment .~

o
data analysis 0%

’/
Step 1 Data Collection

Factories that minimize defects and /’

equipment downtime \ 85%
Maintenance equipment \\

data collection \ _~
Digitization, visuali7ati<\r\v 80%
~2021 ~2023 ~2025 ~203X Year

Fig. 1 Smart Factory activities

2. BRIEHE

2.1 REZBT 2 ORLEY

R, AROmBRERy, G U7aids, fbEshr, Wi
DT —RZEHI AT LA L, T—2%z2HIc, HFE
IERDVIZRZIT> TV 5.

COEEY AT L7, VY O TldSupports Efficient
Maintenance of Equipment System® 8§ X ¥ 7 & o T
SEMES (¥ —LR) LA TN 5.

LUFSEMES & i 9™ 5 (Fig. 2).

Recurrence
prevention planning|

system -
PM, CM (maintenance,
SEMES improvement)

MP (prevention)

Fig. 2 Equipment failure handling process flow

Manufacturing Maintenance
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[}
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(e}
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(<]
o

uonesNsIAU]
UOI)OB 9AIILI0D)

jsonbor aredoy

BM

2.2 SEMES 7T—4 MIRKILIE L BERT
SEMEST— X2 ZBURDHT LTz & T A, LUR2OMED
HBHEhbholz.
(DI HT + W& T — 2 D ARG
WU HT + WUE DT — XKL H O, T Nl
0 A 1% A LTV e,

L M JEPS BESR
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Smart Factory;&BICH T 2 XEEEMER _ EORY HAH

Q)M BE EL K DA AT
AT, WEEERAL DR ETE EX D, HERICKE
DEWVTWIRWEFINSD > Tz, Z IR T 24%IcHH
M LTz (Table 1).
bR, 28z EE e UCEE L e,

Table 1 Understanding the current SEMES data situation

SEMES data Failure loss
Failure analysis, corrective o
@) action data entry omissions 1.0%
Failure to analyze true cause
@ of failure 4.0%
Total 5.0%

2.3 SEMES T—4 DiRFE L R K

(DI T + Wi T — 2 D AR DA

REEE, WEIGR, B TAEZED, HFHHTT
FEE AENSSEMESICT—Z AT 5. ZDkd,
REIDVED L RL B BT, A ENHEMTERL<AD
T —Z AN T B - 7z (Fig. 3).

Maintenance work (at site)

Defect
oceurrence -Pl Dependent on memory and notes I
S y e b 8%
% T ” ] Vague
| ] memory |
[ Unable to
% understand
[binar notes! i
O

Fig. 3 Cause of failure analysis, corrective action data

SEMES data
i
oo |

BT S

No information

entry omissions

(2) Mt LK D A 53 AT D A
REEOWED T, BAOHIA - 5 - FRelciklz
LTED, WRTAHEHCESDENREL TV Z
Dizéh, BRICTZEDENT, WENMETLZ>TNS
HHEIHH - 1= (Fig. 4).

SEMES data

Investigation Failure analysis

Corrective action

Abnormal carry-in shutter
operation

Carry-in shutter bending Re-bend

Reason for bending unknown
= Unable to determine cause or
true cause

o ?
Ca

Dependent on maintenance
staff analytical skills

Unsuccessful failure analysis
= Restoration only

Mm?

e

Variability in
knowledge,
experience, and skill

Fig. 4 Cause of failure to analyze true cause of failure

L3 e, SEMEST—XOMEIF2SH > T-.
1 TF—2 BB ABIIIELATI LTV
2: TR 5 1 72 I N DS R < R B - B REICIRIE L T %

x

gf%}

(i

Fe|
|

ik
3. WEREDREERE

31 aveFhk

WS BIcHizb, avET NERHT.
(WBEETTr—2 A EEE3T &
QAFIIHKIFE T HRZRETE ST &
202Dk, ave T e, THETERZEZ S ]
&L, XRDOVIZEZTT-> T2 (Fig. 5).

Dependent on maintenance staff

Dependent on memory and

notes analytical skills
= Vague - Variability in & A
| =3 ¥4 klmwledge, - - ?
{ 4 (@) experience, and ¥ H
e r skill __“ -

Able to
identify true
cause without

relying on
skill

) ._:-.)'J-:..
& Considering true cause on site

Fig. 5 Measures concept

On-site
data entry

Experienced
workers, superiors
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3.2 MEEDREERTE

VT MR- T, UR3EOREO Ttz RE L
7z (Fig. 6).
(DENA VAR ZHEHT 2T L
Qs F S — g BT &
QfER 2T R— g BT L

&Considering true cause on site

® Equipment ® Function

Tablet PC Fa ysi ing
| atabase | and vi J
| | datab: | d
(1) Mobile terminals (2) Failure analysis (3) Support with failure analysis
should be used. should be should be provided.
navigated.

Fig. 6 Measures proposal study

T URRE R 2, FHEiZ T OHE Lz,
(HENA)VEARE, /—FPCE2T L w bzltiglL, O
A NTENZZT Ly FeRA L.
QBEIHTDF 7 — b & (3) ibE T oY R— b~ &, #r
PEREIEM - B ZHR KL, AE—=FT A IIHIGTE S
WEIBAR 7 7 IS THEsH 7= (Fig. 7).
Concept

Tablet O | O | O |Yes

On-site entry (1) Use of mobile terminals

Laptop O | A|O |No
(2) Failure analysis navigation SEMES No
modification

Able to identify true [(3) Failure analysis support

cause without relying * Automatic failure history search
on skill Manual browsing App O| O |O]|Yes
Sharing of photos and videos

Fig. 7 Deciding measure
4. WEDET
41 3TLY MIKBBRBETOARN
SEMESt 27 L v hzd#iE 8578, QRI— FZF]

U7 —2 #7238 L7 (Fig. 8).

| SEMES and tablet data linking |
m Eﬁ _ -
1 ad ol

Fig. 8 On-site data entry using tablets

9
g
g
g
g
:
g
g
2
5
:
H
g

4.2 BESWHFES—2 307 T

(OEBEIIHTT— 2N — A DIERK
T—=AR—=2, EEBOXRTT U IREERiE LTl
EDOTF— 2 5 HEEIAIC T B, FTAZEICIER L
7z.

QRIESHT T = a 07 7Y %

« FES— g VKERE
O — g iE, MEHAICNT 2 FEEE —
B, T—2N—ZAXOMUHL, fERENEEZ
AT BT LICKOME 2T T — 9 58T
b3, Tz, HEEHH-EDANPRNTVWE LTS
UMY UisWnA 2 —nay 772t T,

o FES— g ViBhkkRE
FIC R AR A AN RE LGS, REeE
T, 77V 7ZMHLT—2X—BIMNTE % KEE
TRz,

PLEickD, (ReEEOHA « B85k - FipEz By Lizov
kr I OBIES T —ZX— A F S —2 g 7T
e NEIBHFE LTz (Fig. 9).

| Failure analysis navigation app |

| Failure analysis database |
Pursuit of f true cause

Navigation based
on database

Location,
phcr\omcnon

‘ ~+ Items to be audited by pursuing true cause ‘ —

Creation of database of failure
locations and investigation items
based on SEMES i e

Investigation items

Failure analysis navigation app [

development

BT Cause, corrective action,
recurrence prevention
TR 10T et e

Suppression of failure analysis
unevenness

Jim el TSR,

Fig. 9 Failure analysis navigation app
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Smart Factory;&8hIC 4 |F 2 BB fEETEER L0 Y fHAH

4.3 BMEIFHR—ET7 T

WS M R— b7 Uk, WEEEREO BERR, Bk
WEIAE O, HH - SiilOREKEED SRS NS,
()M BEE i JRE oD B AR

27w MCRIHES E 2, RiFA—%EL#HT
%L, WEEREZ AEEE L L RT 5.
Q) B NFHHFE OB

27 Lw MENC, BRy MEORFZIKT S &, H
POFIIHEN LR EN, BIGCHEREE x> .
B)EHE - Bl

WSR2 MRS 2 &, B - Bl — 20, BT
M nIHE & 72 - 7z (Fig. 10).

(1) Automatic failure history search
(Saey T Vo \( Completion ) TrnsierDam 1
LR

i

<

Enter equipment No. and
manufacturer name.

= Automatic failure
history search

I Suppression of failure history check

unevenness

(2) Browsing instruction manuals

-

- Instruction manuals for

- —_—— relevant equipment can
be viewed at tablet.

B | rae - =

M ]

| Shorter manual check time

(3) Photo and video storage

Upload photos and videos
relating to analysis and
corrective action.

| Improved analysis accuracy |

Fig. 10 Failure analysis support app

5 RO

SROFEMIC KD, LUFORRMES N
(OB HT - WUE T — 2 D Akl
AT« LB T — 2 O RGN H L HD, HbEm 2
72 1% Uz,
(Q)IBE LR D AT
ETHKOFENTE, MlET A% 1%k L7z (Table 2).

W =

Table 2 SEMES data situation

SEMES data Failure loss
I 0 1% — 0%
Failure analysis, corrective 1%
1) ; Y et 0.0% . .
action data entry omissions mprovemen
Failure to analyze true 4% — 3%
1)) Y 3.0% %

cause of failure
Total 3.0%

improvement

6. SHROFRE

BT SRR E U 7ehy, R723%DMET A5 L
TWa. Hixs, MEEORE FICIRDHATHE
AN

1. BB

()EREN - BLEB T — 2 D7 ¥ 2 U kHEE & ik &
RN L2 X 2275y N7+ — LOREEE, JATCO
Technical Review No.22, pp.37 - 41.

Q7 by, (WO, FinEEkn LY
TIVEEHNOHGHA, 55%, 9%, pp.34-44, HATZ
YR RAUTF VAR, 20234F

(T ZEth B T D
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SR EERIZOERRICHITT-
Smart Factory®ER ) #H A

HlE B

M ek

U 3

BIULDEDHT, E5E2aX L - MEB T OMN LD, SLEHIEORMHREIROM EARD 5N
TWa. THUCE, BIERETOEKICDONWTDE 572500 « SGEY A VIVDREHDRHETH 272D, 1EHl
DT T2 IALZZHEAE L Tz, BLEBI T LI R5 =— AP B IR ABBEOZ RIS E# P NN T 2 72 DT X

T L7, WRITHAELUEMLIZOTHRET 5.

1. o oA BHE9 Smart Factory

VY hacik, THHNOERZTY2UEL, RERE
s (LUF OEE) 721 | & ¥ % {%H) % Smart Factory{%H]
EFRL, Fig. W/RT E— R w7 & RadD3DDStepld
HOWTHEHEL T 5.

Stepl: N R & @i 1ER 2 /M d % T8
Step2: REEFHET ZV, T4 U &IEDERVTY
Step3: iR B2 MFFTE 2 T8

2023 HE D HES IR, Stepl & Step2D I TH 5.
VY b aADREEOEEIXS0%H £ TH D, Step2TIi390%,
Step3 T1X100%% HiF LT 5",

OEE [%]

Factory that maintains
N 100%

ent failures

Factory that does not pa 95%
and d not

ot stop prod

uuuuuuuuuuuuuuuuuu

90%

2021 2023 2025 203X “ Year
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RBLd%. CORPEMZEMRHT S ETY =7 RhE
T4 =) VI RFETES. TOHITIE, ROIEHED
a ba—)LhVKRA Mz 5.

o T2V VAl

o NN T—ZZ5RIC K B [Bl#E[E)

« VI VFHEAAI T

A. Before clutch engagement
B. After clutch engagement

Engine torque limitation
Engine torque

|

Primary pully speed |

Engine speed

L

Acceleration

Command line

= Actual line

. Time
ccelerator opening

Fig. 3 Re-acceleration control concept
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CVTid, AEZA#ODCT & FERZ MR E O H HED
<, REERENCIS CTe iR 2 27 hElc ko T
%ZGE U TzLag& ResponseZZ HH L 7 W E WS FIRDH 5.
ULINULED D, 75y Fhikis a v 7 (Fig. 2) ZHI ATz A
L— Rz 132 72 DICiE, wiR O3B EIC T >
k=)L E N EREERE G (TN T > A)IREEDRD 5
ns.

4. BIMERRIFO—UAK

4.1 Lag, Response MA%

7T T L B FHIAT FIE Y — 13 Lag,
Response ZR M E < 75 5. FRCNNY T — X2 EE A High
NS 7% % W sl 13 Fig. 4D 7 5y Fhiksai Ao > v 7 b
FEHE (UL FPre-low down shift) D #IC7x 5. FlZ X Eido
FE7 T TS ERIGE, @HEEIECLEXT F Y
F-HEki e oy, IEISE DN E(L T S, ZDHHE LT Pre-
low down shiftB¥AE7ZIBNIT 2 C & TV T v FHifkbia DL
BB Z R LTS, TOXT YT FRICDONT
l¥, Lag, Responsek 77w Ffikis g v 7ic L — R4
TOBEZEND . ZO T MENREIHES &, LM
EEDLowllliC72 D 7 FHikh s 3 v 7 \DKENE L F
TIEMHEICZE D B0, FEBRRGHPESZO 7T v F
fksse 7 £ TORE (7 =z —XA) HiENS T & TLagh'Hl
td%. —F4H, XUy 7 hahhEEEs e Fid#E b
AR HSR B0y, 75 FHERETE TR (7 = — AB) I X
7YY T7 M9 % L% D Response H 5 X T D BRH) /1%
ENEL RS, Z DT, Pre-low down shift&ld, Lag,
Response®D HAZK [ & 7 F v FHikhs 3 v ZEKEDINT
YR b ST EMNRNEICTRS.

Torque contorl for rotation synchronization

y Torque control for clutch engagement

Command line

h /
Actual line - ]
Engine torque limitation ’

Engine torque

Primary pully speed Pre-low down shift control
Engine speed

|

VI

Variator

Acceleration

) Time
Accelerator opening

Fig. 4 Method of re-acceleration improvement

4.2 Sy FHEkEL avIDAE

7Ty FhEkEY a7 M Z T A Lv— XI5 s MERE D 5
BCiE, 79w FERRZ HEEZRERLNICa Y Fa—)b
LHikE 9 2 080 % % (Fig. 5). 7T v F ANEERE X —
U VEHRICARD, TORTY Y VElgEay 77 v Ik
DEIILTW3. 75y FHORERE N ZT—2D 754
<V 7=V REFRICIE .

7 Z vy FEmL=7 Z v F AR — 7 Z v F AJIElER(1)

Clutch output side

(Primary pully speed)
|
Clutch input side

(Turbine shaft speed)

Fig. 5 CVT-X block diagram
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75w FHiEkETE T £ TOWMNUILL RIS S (Fig. 4).
V72w F AR Y a—)b

MEREIROT > D Vs B EA A~V 7 Sl X -
THIERERE C LA T 5.
2)7 2y F A Y Fa—)b

Pre-low down shiftic X O HEERfZX T LA THES.
3)7 T FhisaRi A i > b a—)b

7Zw FhiakEH ROV 7 T X O A 72 B AR A
lIcay ha—)Lg 5.
47 Z vy F kA

HAEEZE LA NIC iS22 5E 179 5.

Before considering the response After considering the response

ABC

i

7

A
— Command line ?.
— Actual line

Engine torque limitation
Engine torque

Primary pully speed
Engine speed

Variator

LT
T

(

| |

Gy | —

SJ . Time
Accelerator openin Accelerator opening

A. Beginning of torque control for clutch engagement
B. Beginning of c for clutch er
C. Reaching of target differential rotation and clutch engagement

Acceleration

Fig. 6 Clutch engagement harsh optimization

3), HOR R A 2> 7 (Fig. 6 A, B) &, X (1), (2)
XOHET 5.

ZEHE T HE A el = HAEE Y Z oy F A7 alfis— H A H#
Xtk &) T —) [l (2)

) MIVT I, 47Ty FRERERG 2 A X > 70, T
EIRUTHOEIGET % ETOKTH 2 INEENEE
M LIEGDREICKRS. FIZE, ZTNoZzEEEdH
WCHEEZRELICRRET S L EE FFyay 7 RET S
(Fig. 6/£X). 7 5w FHikbfa RO EEROKHFED I &
DT LI VARG LD 7Ty FREEOER, A —
VX MV IIC K B%EE EIFDRET B, ZDDFig. 645
KICRIBRIS, BIER A 2V RIS ENE I L 7S
Z§BTET, AL—XEh#EFEL TS

4.3 TV U
HICT Ty FHikEY 3 v 7 BiEZ2iic 3 72oIclid, CVT
OFFEICINA Y D VR A TS DB IR % . R
IHBORIVRELE L 21O N 5.
DHZ Y iaREE
=V T ANy THMEEIT S L, TV TR
W, BTN LRE2ELRT S CUMEIRE). R
TANDRREER A I TIC K> TR, T2V IUE
IEHIC RSN 2 C &icix D, T ORFOEEREIC K -
T # 45 5 /5 X A Belt-driven Starter Generator (BSG) X
&, Injection/TRUCYID ED B, TOEWVICK>TAEL
2LV Y VR0 AR S 2 mlR[E B ROV 2 il
KX DLEER”ZTETAL—RENEEREL T
5.
DTV YUHEEIZA IV, i ERIESDE
BEEDZFDHERNE LTIV Y UEIEROE A R Y

A 7 IVIREE, WMAZESIREREND 5. Wz@ R
VYDE R UDERETRE TIEIE UGG, BB
BENATLES. T2 OFEENHE! ,ﬂﬁ¢ﬁl

VA RNEEEBIT B2, CVThED T Fy FFEl
RV %29, oY VEERAR) A
D, 7IvFHikET ay 7NERETLE S (Fig. 7).

Before
—— Command line | | ——
—— Actual line 1

1
Target speed
Primary pully speed
Engine speed

Engine torque limitation
Engine torque

Clutch pressure

Acceleration

|Accelerator opening 'Accelerator opening
1 1

Fig. 7 Engine control interference and the measure
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W E U T RO ERIC X O fEATRETH % (Fig. 7).

i)Pre-low down shifts 7z [, 7w FkiksEH bL 7 i
WORG 2 A X > 7 7% 5 B FUB) il & O 157 ik
5.

iLowlliNZ 7 > T N9 %5, 7Ty FhikiHA LY
HEHD bV 7 HilFR & 72 58 b Rk % O BREN 11 2 5% L &
Ty FRikES a7 EOINT 2V AHLS.

iii) MV 7 R E 255D % &, iR D [aliis 55 hd i
{725, 7Ty FHikbm2 A I > 7% Z DR L7
HEICHDHBLYIREICT BT & Ty Y UHilf,
INT ) F e B Tz A Lv— R i MERED S R 5 .

L EDORRIC, =2y R, HlfHzZERLUECVIES
WCEHSTRIANDT IRIVT—JICH G-V =7 TX
L= hndzRHd % T LA KT (Fig. 8).

Accelerator opening

Primary pully speed
Engine speed

Engine torque limitation i } y y
Engine toque
- : : : Black : CVT-X
Grey : DCT

! I I
I

1 I J

y 4

: Vi
{"'N Response target

Lag target

Clutch pressure

Acceleration

Time ]
T

Fig. 8 Comparison CVT-X and DCT
5 &mRRIC
SEDOFFET, DCTE HARCVTOR| T H % HEBEZ

HIC KD, Z9E LTzLag, ResponselbREZHEIIL T WV &
WD BRI 2 GERA S % C & DR Tz (Fig. 9).

DCTH V7 FvF AV 7ayba—)ILTHIEL TV
0Ty FhEkEY 3w ZIE3ER (LY VAR, N T—
RS, 7Ty FRkE) 2 ELRE U 72 IR A RS Ui
WG LT LIic&y, BF/0EnY =7 TAL— X7
HYEREICAE B2 T e IRz, ABIFETIE, SHEHEAND
HEEEIO (1) &, X5 DEFEHMZHICHENHT T & T,
AT NERA Y 2 HAfcH D iAFLag, Response, 7
Fw FhERE Y a y 7 OB KMREZ LT 5 T ENHK .
AWREZ KB L 72T & TCVT-X& LTOM N hEZ [ L
5T LMK

A

8 4
> @ cvT-X

- ®
$ DCT A
& _ ® pcTB
l O Dpcrc

>

Response [sec]

Fig. 9 Re-acceleration performance comparison with
competitive DCT cars

6. SEXM

(OEAREE, SBIEPE DEE, AN s2iRY
A4 RL Y IHBCVTORFE, JATCO Technical Review
No.22, pp.3-8.
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MILSDO> 2 2L — a3 ERBEERICK 3
FAFE L ~DEL Y #H A

KIS A *

ok BEEREB* &

DZs

# &

HIEY 7 b = VBT TIRRNICHRE TE DS XS ETIVR— AR RINICEZ > TED, T IVREHEE
BRI BN TEN—F v )V L THIEMRGEES 2 C EWEETHS. LHLLBIK, PSR v g volfilfEy 7
T =7 DRGEEICHWTWAMILSIE Y X o2 L— g VREIDIEFICEY. 22Ty 2 b— g VREZKIRT
TEFEDY I ZEAL, TNEXTRKOFMBEMICHIEMTIZA S XS L. AR TIEZOHEDHANEICD

WTHAIT S 5.

1. FAME

HE 7 b = 7 OBIFE T, HlHOSHEEZ 70y 7
TERHLUET WA= AFFENA XU TE . HilfH
7z ET IV TRk Ltk TOEERIIal—ard
3T LT, Wt EMEEZRNT A 7))V TR T N TES
(Fig. 1). TOXIHET IV HAWTZRGETIERERED C
& 72Model In-the Loop Simulation (LA FMILS) & FEA T
. FIZX, BRI O ANOE S B EEMGEET = —
A BOVTHEI I ADHEE LG, &EH7 2 —XIKE->
TROETEVSRREAFROMEELTLES. L
L, &it7 2 —XDWRTH 5 H COHMILSZ fill - 7o ARGE
ZLTVWNE, ZTTIANRE L TE/NIZTFRED THI
WY T 27 ZBEETES. DFD, $hERNEFFENE

BHTtxE30.
Actual vehicle
verification
Rework: large
] AT I LI L K#tual vehicle
Requirements verification &
analysis +, +conformity
‘, .: Control
»sverification
[ %] .: Software
= verification
Model verification o
Rework: small C‘Qdii’lg
v

Fig. 1V process of control development

“ .. .
« Seoftware %
. & .

srdesign

BLace, fi|Y 7 o272 I AIyygray
fa—)va=v k (LU FATCU) ICEET BRI, TTIL
DEBETHRIETZ% X9 IV A2 vy a VFHEIMILS
(LU RFTMIIEIMILS) = #Efii LT\ 5. LA L, TOTMIl
AMILSIZ Y 2 2 L— 3 YRFEAIEEICEWL. 22T,
MILSD Y 2 2 L—3 3 YR Z Kk E ¥ 2 D A 72
1olz. ARTEZOEDHAITOWTHINT 5.

2. TM &40 MILS DIRAK & 3R E

X TMHIEIMILS DR K 2 3R X % . FLEE 2 iR L
TERIANET I, HER NIV AI vy g VEKEEY
MATERHLEZSS b ETIV, b UAI vy g Uil
MW A->7zay ba—JE7)IVD3IDMEERD, bk
EHLTIDOETIVELT, YIal—varyLTWs
(Fig.2).

% Single model

Driver model L L
(ca.700 bl%-j) Controller model f la“; ‘(‘;{‘)’gi] ©
ca. 1, ocks
(ca. 250,000 blocks) L—pl =

Fig. 2 Overview of the TM-control MILS
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MILSD Y 2 2 L — 3 VEFRMERIC £ 2 FENRIEA~DEY A4

TDHH, RIANETIVRT TV M ETF IV ERER
OBEREICBREL TWVWS DI L, 2> ha—JE7 )ik
ATCUICREL TWABHIEY 7 b 2 72 TEHMPAALT
W3 7z8, MOETFIICHXRTT Ty Z8HZ R 2—
LWKEL E> TV B, ZNHEK TTMHIEIMILS 2 1A
DY Ialb—yaVREHPELZ>TWa. BRI,
30sDT AT —AZHNTYIal—yardde, qf
BHHR T 9 % F TIZ2005 D600sFE E DRI A A > T
5.

Z T, ¥YIal— g VRREZEHRT X 2 a2 in
Wiz, EKEEOEEMIE, I al— g VEEY 7L
BA LOUELANICINS BT & & Uiz,

3. REMRDFE

TMHIEMILSD Y 2 2 L— g VRHZERRES Y 5T
HELT, UR2DOFEICE D HATE.

METLEETRRICERLTOI2L—230F5F
&

TN EFITRICEET 2 FiEZ2 i 5. d@F, €
TIVERIRE N TV B EEZ IS DR L, #HGEEIC
BIRLAEDS Y I al—yary L TWab. MERIHDAT
DR L TV 728, HlZE, EoEERKREEH 1T %
WEMNFIC K > TYDBEZ B ET)IVIZE, £EER{T->
7o BTSN KSR  TeR R E N5, Fz[FIkE
IC, AREREMGEEICEIER G 5 FRINREL TS, INHN
FREZRD, YIal—ya VEPEL E>TW5.

ZHCHLT, ETNVZFATERICEBRL T I 2 L—
2 a Vv AFEDOES, FTHEREREBEMGEIC AT
5. TOR, BEARZ TR Y T 585775 8
7 it U CH IR KRR OER O A Z1TS. 2595k
THRAETFHENELN, FHRY T 2 L— a3 R
TZ % (Fig.3).

Model: large computational time

0101 1.7 1111
=i el B
"'_.011'1r \
~=b——0000=>

Final result

§ 00600 |

One-by-one conversion into machine language Execute all operations

Executable form: small computational time

|:> @i "'11-])10103 Final result

Execute optimized,
minimum operations

] [ i _pﬂ-] "|
2 Ty i
1 Yy |
o |:> g HHolo10j0, o,
. ]
onversion of the entire

part into machine
language

@]

Fig. 3 Difference between a model and an executable form

T OFEZTMEIEIMILSIC ff U Tl 3 % 721
dSPACE#tDY 7 + v = 77— )UVEOS%Z i\ 7z (Fig. 4).
VEOSIZ, ETIVOEIDIAA, ET IV EIITERUCEHE
TBHHDEIVE, FITEAT 7 ANV TDYI2Lb— 3
Y, WS BEREMMiD Ty — IV TH .

78, RY 2 —LDOKENET)IVEVEOSICEL D AT &,
ETIINEZEIVRT BT T —DRELTLES. 2O
Z—7z kg %IciE, VEOSZM 5 aiic, 1DDET )L
ERORY) 22— LHWVNEIRETIVNCHE L TH B VEOSIC
HOABREDND . TMHIEIMILSE RV 2 — LK E
WETICEB 12, EBOETIICHET R EHEL
5N5.

AET=SER. | MILS VEOS
; Jpoort | ’ Build
= VEOS -?—n

.} o Object file

Simulation and measurement

Fig. 4 Simulation environment using VEOS

QETINEEATVVETYZIAL—2 30T 5FH%
ETNEHEHYY Y ETYIal—yaryd 5 FEzd
B9 %. v arveiie, EFLDovIal—y 3 Vi
B b LieN— Ry 2 7 Z VS, HHY YNOTaty
YaATICETINVEXTa—RLThE, ¥YIal—vs
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MILSD > 2 2 L —* 3 VR

RIS & B R~ DEY A

St I

YiT9. TOHHARI VX, BWEERNZRDO O
a7 U7 VAL LOSEMATZN— R 27—
)V TH %dSPACE4EDSCALEXIO Y Tty 2=y k (L4
"FSCALEXIO) 7% F\ 7z (Fig. 5).

PC

L — _JRIN Configuration Desk Download
% Import = =T
aL Simulation
Setting } T 1
55 =
Er y
— l.'-:"'g'.-
Measurement
SCALEXIO

Fig. 5 Simulation environment using SCALEXIO

n

1Lb—3 3 UEHERDER

\\"

CCTCTREY—ILEHWEY
L S U

a2 L—3 3 VREREREO

ey

METFILEZERTERICERLI-ELEZOHKR
TMHIEMILSZVEOS T H T X EH LTI I a2
L—yarZ2iio kbR, Y2 alb—ra VRN T
IV A A LNOMERLEE DR & TR S Nz,

3FE TN K S ICTMHIEIMILS Z DL £ Tl&, €7V
Ty JENEZ N 28, VEOS ETEIV RTT—D 54T
%. ZTDH, 1DODETIVTIESLN TV 2 TMEIEIMILS
T, TNFNOETIVT Oy TEMIFEICES XD EE
DETIVICHEI LTz, 7EIL IS T T IV 2 VEOSICHL
DAL E, ENWRKRICZ T =S EITEAXT 7 AIVICE
19 % T LT EZ (Fig. 6).

[T ——

| et

14

MILS

Dividing TM-control
MILS model

=

Model 1
\

P2,

Model 2

G

Model 3 Model 4 Model 5

Object file

Fig. 6 Model division for MILS

VEOSZEfH T, EFNVOREREYIal—v gy
RIS D B C e o Tz, DEE Y I a1 —
¥ g VIR OBIf%RZ Fig. 7ICRd. 2B 51E30s7 A R —
ZEHNCES>TWVD. SEN107EIFE T LIzh, Z Ok
B, EBICIG UT120s~300s (M5 51065 £ 2 L—
YaYRENEL ST Ny o Tk,

Relationship between the number of model divisions and

simulation time in TM-control MILS

10 divided models

w
D
S

w

00

[s],

Larger number of model divisions
— Longer simulation time

<)
aQ

1
=3
=

Simulation time

e 0
=3 =3

o

0
4 divided models 5 divided models 7 divided models

MILS number of model divisions

Fig. 7 Relationship between the number of model
divisions and simulation time

DEEE Y2 2 b—ya YEICHBNE S D, 1D
DETIVHENK D> THOLRDETIVOEEZITS &
W T2 HFENEF DIREMNFE L TV 5 (Fig. 8). 7 EIEMN

% %213 EHAEIAF OfEERFIMMEATLE S e, £
NEFHEORBIFRINFREAEL, MR IaL— 3 U

BDNELE->TLES. COEAEFORENEVE, %
ETIVEIOEBEIEFENNEEEZ>TLES. TOHLE, 7

9 2 HiOTMHIEIMILS & 13 ¥ 75 2 B NEFIC /A>T L
FU, HOOENMH ENEnwT & eixsd. L, €
TV CHHBNEF Z 468 E T 5 2 & T, 7EIRTOMILS & [A]
UHE L 72 D IJHOOEEEENMEENS.

Without specifying the order of operations

S0Rea

The order of operations among
models is not defined: Desired
result not obtained

Specifying the order of operations

Modell ~ Model2  Model3 ~ Modeld  Models

Pl el b

Blocking Blocking  Blocking  Blocking

Operated according to the specified
order of operations: Desired result
obtained

Fig. 8 Specification of the order of operations

X7z, MILSZ H W\ 7z MGk I TMI il 2R 72 1 Tix <,
AV 2 —LDO/NEVHE—EREMILSE WS i A EH 5.
UL, B 2HIEBERED HZRGE L T2\WEEE, 2 Ol EEE
ey v a—IETIVE T TV NETIVERMICBRE LT
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MILSD Y 2 2 L — 3 VEFRMERIC £ 2 FENRIEA~DEY A4

MILS k72> T\ 5. —fil& LT, ZfilEEGED A IR
E LI —BEEMILS TH N, V7V XA LIS LTCF
DREEORFICE T 2 2 L—y g VD ERE NTWY
% (Fig. 9). FEBEEOBFICHBWTIE, b5 HIHEEHER 7%
MRES 2 BRIE, H—HEAEMILS TR E R MAEN TE 57—
AEH0, K0ENY I al— g VHRFRTMILSZffi>
T MRRENATRE & 72 % .

Conventional, VEOS 4 divided models, single-
function simulation time

600

Simulation time [s]

100 .
Real time
0 —

4 divided models

Conventional Single function

Fig. 9 Comparison of simulation time between
conventional MILS and VEOS

QEFERATUTORE

SCALEXIOZ W% &, TMHIEIMILSD Y 2 2 L— 3
YITOGETE, VEOSHHKRIO X S ICET )V 72 5H]
T52E%L, VIV EALEFRAEORMTYIal—
a3 vd 3T EMNTER (Fig. 10). THIRMILSOY = 2
L— 3 V3772 SCALEXIO & W 5 @k hE A~ > >
TF>TWsZ k&, SCALEXIOW —f&dD /Y a > Tff
PN TWVWB0SEBEZ) T IVEALOSZHLTWVWS D
Ths.

Simulation time in TM-control MILS

140
4 times the real time

[}
(=}

100

D
(=}

“a
Real time

VEOS SCALEXIO

Simulation time [s]
x

40

Fig. 10 Simulation time of TM-control MILS

COTFHEDOLEE, XV AVEITEIHFHDON—RY 2 7H
MBI TR 5728, BEtE—ANO & O DBMEFITITS ICiEZ < O
ERENREL 5%, L L, TMHEIEMILSD X 5758 2—
LORZEVMILSICEWTE, EFNVERETEZC LRIV T
WEAALTYI2aLb—2ard3Z EMTEHDIE, MREE
BRI THIERICHR TH S0, BMATIEEES L
IHEDV Y=L UCEHT2ONHBNEEZ .

5. i

SEIOTMHIEMILSD > 2 2 L—3 3 VFRFEMEIR D HL
DFHAICBNT, HEMEEBEWZD 7V A LO25LIA
DY al— g UHFEER L.

TNV ERITIERICE R Uz & ORI, /Y 7L
2 A LO2ERE D > Ty 2 2 L—y 3 VDY
5 5 10f5 DR NIk & Nz, H—HEEEMILS THh UL
V7 IWVEA LU TFDY I 2 Lb—y g VI F CEETE
o, RSV YTOYIal—ya VEERIEZ, U7V EA
LEFUY I al—y g VEECRBRTE .

6. BE

COXI2DODOFHEEE, ¥ alb—y g RHENE
MMTE 578, MILSOMEWEEFR LICRIRNHZ EF A
%. TOMILSZIEHT 22 & T, KON LHIEY 7
b T HFENHIERS EEZ TV S.

SERDOD T VD, FEEICMILS THRAET % BX
&, ARG CTHWATT2D0EE L. SIS MR
AECHEWEAE, H—BEEMILSZ I TR IC A1 % C
ET, UT7IWVEALEDEEORERTY I 2 l—ya 7
2O THD. —F, HEY T 5D 27 2RZHGES
B0, TMRIEMILSZ ETF VO E % L T
VIal—varvTELRZHEHIY YU EZHWSONET
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1. SHROFE

SO HATZ2DDFIEER, EB58 Y — )V E L
BB, HNTEKRESESIREIERY —)VBZER
L, RIGREREICHE & LIABRENH S, FT-FHBEKIH
FIav AOHTMILS Y — )L 5 BRic, Bfkmic &
DFFETT7 =X TH S RED, BFHEN THEDOMILS %
o BROEH, HAIL— IV ERD B T EHSHOE L %
%.

Feitibiz & U TiE, ATCUD M EVIRAE T S HilfH O
BAENTED XS5, N—F ¥ )URGEFFEE O ZE G LT
W5, BUIROTMHIHMILS Tld, OSEDZfAMICET
NELTWED, ThzeFEOY T+ 27 LlAEbE
TATCUZ AR Z I T E 2 RMECUY R 2 L— 3 VIR
KERZ I LT3, ChICE > T, ATCUFEMERDEHN
WEL RS XD BHEENATSE, IKEECUD H UG
T —ATHGENTES L DICKE%.

COXIICETIVAR—ZXFFHD AV v b Z2HREH L,
BB Z NS EERLTVL.

8. ZEXM

(DS e, KW, 55555 ¢ MILS (Model In the
Loop Simulation) % FH > 7 HillHIRGE D %) #{k, JATCO
Technical Review No.18, pp.39 - 44, 2019.

QB Kl © F2BREH N OMBDIE IS X % BAFE S E 1
b ~CVTRHI ¥ 1 3 J 5 VRS FH ~, JATCO Technical
Review No.21, pp.11 - 14, 2022.
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P72 RIyraryaz—y phllHlTs
RV TKRERERBREAD=ZX L

Al e
% e
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U 3

N7V 2T AT OKEMEHRBEC DNV TIEZ < OWISEIE N R EN TV S A, EEEOMFHERE T O
HEHE O ARS5NRV. ATl Continuously variable transmission L=y "I 3513 2T IRAE & EIEIRAEZ &

L, T—USHRANT Y TR AT B A=A Lk

=587
-

KF7Z 5 LIeD THITT 5.

L FAMNE

EAE, COMIRDIZ b TV A w3 YANDERIMERE
WBHELEXD, T5RZETV T ay, WNEREEHK
HHENTWS., BILEHEIGEH NS P F A3 vy g
> (e-Axle) I BV TIETE— & O/ HERFERINC 5
MR EDET RIAHTH S, £lear Ny g FIVixmE:
Zd (LLRCVT) I8\, E6k5L A/ Ly
VOIERRHNERT Y 7 3 VOB ERENS. DX
IR P TUVAI vy aVICHWENEZRT ) VTICBW
T, Wil N TEZDMbN Tz E R U ASEE R
Z LT BN 5.

N7V VT ORER IR E T — RO—DIC Kk EMa R
b, N7V T OIKENMERBENRET B A= XL
DN, N7V VT TREZ L OWEREPH N T
WBD, EEEO N AI vy g HEREE TOMIZEERE
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Fig. 1 Schematic structure of Jatco CVT 7
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Fig. 2 Hydrogen embrittlement flaking
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Fig. 3 Mechanism causing hydrogen embrittlement flaking
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3. WRAEAERAE

3.1 KREBAZEITHT 5 RREEIEALR.
QETHNRIZANZALEEEL, 2=y MIETO%
M CKERABNED X S RIEEZRThE, XTVVT
HAGAER & = FEABRCRERE L 72
N7V VT HAKRER & Fig. 4S89, 5V 7 )V,
R, R BN T & U CRREREBR AT, R T
BOXRT )V TNHANDOKERARERE L.

Evaluated bearing

Rotation

M)

Fa : Axial force

Fr : Radial force
tZFr

Fig. 4 Schematic of bearing unit test equipment

Ele MV I BXUREEHRDO ANZERICERL, CVTL
= FEHWT, F#EEIESZ—VBXUTAZ—EICL
Tea > A2 > FZ&[F (start-stop or constant loading) T AJJ
DENC X B/KRRABDHRHEZITH T2,

TIN5 DEARNIZZ6 7% Table 1179 .

Table 1 Test conditions

uential factor ‘R‘.Id.ial load |Uil temperature
1|Radial load (m:df:‘:d;:;’“];ge) High High Constant
2| Temperature Large . :dfﬂ?;?f@h) High Constant
3| Temperature Large High (smzi],c;:ji:i:shigh) Constant
4 Start-stop or . Medium High - (start-stop test pattern of
constant loading P

Lubricant: CVTF (NS-3)
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PUBSER K & 72 0 BNz, S R — )V EE
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. . Section of pulley
Ceramic coating i

except ball

Measuring instrument

and raceway surface [Principle] ~ On oil film No oil film
Can measure oil T Current
film thickness
by measuring
current value.
SOifilm
Additive coat

Fig. 5 Test method for measuring oil film

Fig. 6ICELEZH A 7V v VRIERZ/RY. O

FR DG P IRIE

R=R1+(R2 X Rx+(R2+Rx)) (1)
L%, TOMBEXKOIEPIRXIE R — ) & 4 iz E i o
EHETH 5. RN—)L AR OMENYIN, BlEbfild
554, Rx=0QIc%%. 9% &mEEOFEFIOE LX)
X0, v=I*0L %0, EHEFFOMHEIZOVERT.

R—)b & RN A © & 4 A L O el iz <
% eI NG, R()EK D EEEHTR=0Q L5 5.
T2 EBIERTOMIE, V=I*co kxR ETldooll /2,
[EEEDOEIRBIENSIVTDH B 728, BIEFTOMHIZIVERT.

R1

A
il

v >
- §R2 g (V | Voltmeter

Fig. 6 Circuit for measuring oil film

72 BIERIESIHEMAGBRO TN 5, REAFEtESE
HakEH LT, MWiR2k#ETHAE L7z, LU RDTable 21
BV SN

Table 2 Test condition for measuring oil film thickness

2 conditions . .
nd ~ —~ ~|
(c: “nmm‘ ‘ (medi ich) High ‘medium medium high

3.3 EMFLERFEFITHE Sh HKREMDHER
Bt /K 32 T v — PEABRIC T, 25mA/cm®T120

DT v — Ui, Tk, Hl{EIERZEE LT,
HArax b 757 1 ok @i SRR ES& T
IRERBHGHRE & /KSR R 2 E U7z (Fig. 7).

Conditions

Solvent : 3%NaCl, 0.3%NH,SCN

Time : 120min,

Input : 25mA/cm’

Negative pole (-)
I . .
\ Conducting wire
— >< (Pt)
L
Bearing outer
Plus pole .
Piece
® (Piece)
% ) | 3%NaCl0.3%NHiSCN

~_

Fig. 7 Test for charging hydrogen
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22| R g §
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Effect of start-stop
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sensitivity

Quantity of hydrogen

penetration

Start-stop  Const.

Fig. 8 Sensibility of hydrogen penetration for bearing
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Fig. 9 Measured oil film thickness (medium temperature)

High temperature
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verage
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| I——— ! 72
a C £
_ﬁﬁb d
Time

Fig. 10 Measured oil film thickness (high temperature)
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| Quantity hydrogen released

\ Accumlated hydrogen quantity

/ i

\></ ]
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Accumlated hydrogen quantity, wt ppm

Quantity hydrogen released, wt ppm/ min

Fig. 11 Measured quantity of hydrogen released (high
temperature)
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Bolts and screw holes

Laser welding

Fig. 1 Downsizing and weight
reduction by laser welding
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Fig. 2 Three elements of delayed cracking
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i

e Laser beam

Moving direction
Carbon steel
Cast iron

Wire(70%Ni)\
45°] ‘
% 3.5mm

Fig. 3 Laser welding setup image

Cast iron

Weld bead

Carbon steel

Cutting line

Fig. 4 Cutting

Table 1 Experimental settings

Focus position (mm)
No. | Laser power (W) (from surface)
1 2,510 -2.5
2 2,650 -2.5
3 2,710 -2.5
4 2,510 -3.0
5 2,650 -3.0
6 2,710 -3.0

1551



TAT7T7LYy v IVRBICBIT2HHEREME DREM L -V

3.1 Ni BELSH
.11 AIEARE

Nii & 53 4 @ H| & I IEEPMA (Electron Probe Micro
Analyzer) ZfHU e, EPMAIGGARHCE P2 H2¢ S, i
ENBFREXRREE AT B T LI KD ITEHEIT I REET
BB, SN EANEEE30kVOEEERHHL, AR
W2 E Uiz, BESMDA T —< v T Z2iToBRIC,
AR T ANIGRUAVZREREAEL 52T, #H
HINCHbignlgER, ML)V TDOhT— v VT %otk

SL2HEREER

Fig. SICL—YIRE &M T EDNIR T DI T —< v ¥V T
fREEINOFARNZRT. FINOFARRIFRERZ
Low, Middle, High®D3E&FE CREMI LACHL L7z, £E s Ff
2.5mmTlE FERICHE- LTV ADICH L, 3.0mmTid FF
DETRIGELTVS. L—PNRU—IcKZ2 L THEINFE
ARIFZTBD, NUREMMAEIICKE B 2525
TR LTz,

Laser power [W]
2,510 2,650 2,710
- Ni Lv.
: 422
25 369
=) 317
g
= 264
g= Middle Middle High 211
2 o - =
2 A 158
8 W ! e ;f‘-r
8 xo P RO 106
(s A
3.0 53
0
Low Low Middle

Fig. 5 Distribution of Ni and crack rate
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Fig. 6 Hardness distribution of welded area
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Fig. 7 Creating a temperature history graph
4. FED

Pk REMOTAHRITICHTD, BNHNEET S
3WEDIDTHAHFRICOWT, BT IHMERIT- 5
[FIDFHE TIEBNIFERE FRtliRT.

1. NiZfn, &M, RERIREONE 7iEz L, Al
ftTE*"
2. NiZMADEINUCK EL B R 5 A2 LR LTz

5. SRORE

Z N UTENME, B, iR RIEORE Tik7%
HOT, GEMEHE A TOENEINA Z L LISDONTT &
S AZED S, KIeFBIZITED2ERDIGS]) < IKELE
LA 21T, ENEINO AR THROHAT
AL

6. SEXA

(OBERRM RS, BOH e, PR ARRES, RIRE—, 292 -
293, FRASHA— Lk, 2016 GE1REE3MI)

Q)inse - BB, 1SS, 200 - 202, 338 - 339,
FEMR IR 4, 2015 (FHRRERORI)).

QVEEF RS E R SHEME, AR fth, NigeY
A Y7z O T2 858k & IREM D L — PIAEREIC 31 B Ni
IARIROFAE, 1134, 60-61, AEEE, 2023.

@B E R SEME, RAZ i, NiGeT A
Y2 VTR & S8k D L — VAR E G E T
U7, B1134E, 58-59, TAREYAZ, 2023.

mEE

Hid o VR BEA i

1571

Mt

B s



HEBEEM T
SentraFl Jatco CVT-XS (JF023E) D#BA

20234E10HIC HEHBIE X D IR THRIEE NIz [Sentral 12, Jatco CVT-XS (JF023E) HM&# X iz,

BiBAFE UTZIFO23ETIIMIESY AT L —#H L, VA VA AR TORHICK D XA AI)VKR Y TN 21T
W, AAZHVaREER L. iz, 2ROy 27y T 35V TV LA RERAT S ETRERBXU
FALERFIC T > Y VRO ERD ZMZ, BT A/OEXED OhEEz RE L iz,

CNETHMBEZZ>aY b o—WUV T ZRIBEEIC LTy bOEEEEKL Lz & T, IVHHEO Mz}
BER LTz, BTNV MEENENMEETTS T LT, T—VR O 2T VDO DL (7.0-7.9) &
FKEL, Mk e 1=y M Z L Sz,

TN D OFARIC K O BREMERE - B ) E s ERE R G M Z 2 MERRICEHIR L, BEMED L OEWIHEZE TN 5.

Table 1 Specifications of JF023E

Torque capacity 280 Nm
Torque converter size 230 mm
Pulley ratios 2.805 - 0.357
Ratio coverage 7.9
Reverse gear ratio 0.745
Final gear ratio 5.034
Selector positions P,R,N,D,B
Overall length 379.9 mm
Weight (wet) 94.6 kg

Nissan Sentra

I 581



1T (ssuer)
K8 HE=E D CTO

Tatsuya OSONE Chief Technology Officer

REZEXS4S (Editorial Committee)

fm&ER (Chief Editor)

A e AL A/ N—q EARBATEES
Innovative Technology
Masahiro YAMAMOTO

Development Department

£8 (Members)

B OH F - SR T
Syuichi SHIMADA Engineering Management Department
o/ 2 e -

oK # K Bl i

Yoshitomo SUZUKI Engineering Management Department

Bl & S
Taiichi ONOYAMA R&D Division
B = BHFEER P
Takashi ARAMAKI R&D Division
4R 2 R

Kazuhiko WATANABE Purchasing Administration Department

i I B &

Takayoshi ICHIKAWA

LS AR

Legal & Intellectual Property Department

I¥ra IV T (KR

o S I S SNt

Hiroyuki MIZOGUCHI Hardware System Development Department,

JATCO Engineering Ltd

ElfRER (Deputy Editor)
KOHEB ORE &

Yasushi YABE

A/ N—3 3 EARHFER
Innovative Technology
Development Department

2R kR A
Masaki SUGIMOTO Engineering Management Department
SN T I R4 BFEER
Hirofumi MICHIOKA R&D Division
EAE NI 7 PFEER
Katsunori SUZUKI R&D Division
Mg HAn R BRI
R&D Division

Kazuo UMESATO

BB R A

Haruhisa NAKANO

KL — MRS

Corporate Quality Assurance Department

IYha o=V y (B
BHFE S 1 A M
Development Management Department,
JATCO Engineering Ltd

n B ]

Takeshi YANO

JYbha 7=V L¥a2— No.23

© R W7 Hin o
¥ T 202443 H
¥ 17 B YvramkAasd
A/ R—= 3 Vi faF R
T 417-8585
B e U s LT 45 4R 700-1
TEL: 0545-51-0047 ({£)
FAX: 0545-51-5976
E—7S5T74w P A A3 2=/ —3Y
Atk =t
W =Eriptl 6 TH25 % 28 7

2
i

JATCO Technical Review No.23

March 2024

Distributor Inovative Technology Development
Department
JATCO Ltd
700-1 Imaizumi, Fuji City, Shizuoka
417-8585, Japan

Copyrights of all articles descirbed in this Review
have been preserved by JATCO Ltd. For permission to
reproduce articles in quantity or for use in other print
material, contact the editors of the Editorial Committee.




JYIREH

T417-8585 ##HKRELMSR700-1
TEL 0545-51-0047(f) FAX 0545-51-5976

www.jatco.co.jp





