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Abstract

ISUZU has developed an EV based on the ISUZU D-MAX, which is sold in over 100 countries worldwide and
has received high praise from customers, in pursuit of a global carbon-neutral society. This paper introduces the
overall vehicle concept, including the development objectives, model lineup, and product overview.

1 FUSIZ

HRNGHRRECOTINEZZ (. BEFEXLRTEIE
BEARRICER L LD, WIS (FE. INETT 1 —
CINBTE>EMAMEEBBEZHMALDD. U
I IWDEV(BELKBEHE : Electric Vehicle)Ew o 7w
ThZwo TFHEISUZU D-MAX EV(LATF. D-MAX
EV)l ZRELz. AEM@IE. BN ZIEUH ETBEE
DERERNZREZ . SEOJO—/)LEBRIZE(T
BEGE—HE5G55,

2 BREOBEL

D-MAX EV(F. 2R DRERFINDRIRGXT T &
EvorvTIhIvIELTREGHERREZREE
BUTHEELEZ, FEBREFEOT—CILIVZVET
LA SDEDBMZ ZEEL. BERDFEVEBFEAREL
ZBELEHEWCEEERELTLS,

DRV LT, £TL THESNEZIILTEVD
dUR—%X> hEDOHRBILE, T —CILIVIUE
TILDTZY R TA—LDFERIZEDH/BLE. N
(CELDBEEBEORBERD M5, T+ —EILIT>
SUETIVEREDWMAMRUI.5tIFASI. R4 O—
REHTEEE)ItEEDRALEZREIT S EN
TETz,

HH. EEMCOVWTET —EILIVIETIV
ERAEE. Y1 DIMCT(Isuzu Motors Co., (Thailand)
Ltd.)TIFERE L. HET. WITSELTHHTD
INY T =)y ORELICERD AT,

3 HEER

BREMEGE. BEFD/ IV T —[IFEREREZX—-X
(2. ZN\YRILDDIL—. TVRXTYRD2Fv T2,
ENEN2T L — FOFHABRERE L. /NT—kL
1 2 (FEWAIEICeAxleTRE L. 7ILY 1 LdxdZR
HWLTWB,

GH. SEA/NRIVBERBOREZTFELTHD.
BE - FHIMOBEOFEONSRUA > 7 S DEEIRR
GEZHFA. Z—XICZIWUTERA - IiKZEfT>TL
<o

4 RmitE

4.1 EV AT LA

EViLIcd 72D . D-MAXEVTIEEAEE LTOEW
EH - [JASIMEZMITLDD. S8/N\TU—KL1>
DEBREEEHEEDR LEZRZBEN DD, N
S5ERIVT B8, TILTEVTE > L RINEESER
LGNS, D-MAX EVEROEVI X T LZEFHTZITHEE
L7z,

F1(ZEVI R T LDEEAZERT . EVI R T AlE /0y
TU=\wo(BBESEE/\YTU—). eAxle(
VIN=, BRFV—FEE—YIZY ) v
>3 VRY IR DCDCOV/\—5(12VEEHE). &
75 &23(On-board Charger : AR, TOBCJ ). B#Z
. ZLTINSDEREREHET SVCUERI >
O—)L2=w b : Vehicle Control Unit)h'S#&a =
Nd., INSOEREBRF. BECTASIETOER
B, BREETIBZREVIZVIRSYVIELTODE
mEBEERAPRICSIEH T ZHICFRBEIELSNTSD.

*|suzu Technical Center of Asia Co., Ltd.

**XEV 2 X T LBRE T

| CV BmitE - EXETED

WIS 1375



FEISUZU D-MAX EVOEBHEICDNT

5 (ZeAxleFRREINER EBRANR—AMEWIITHEE
HBEETHD, T, VCUIFEDVR—R > SEOH
FBHEEIBL, TRILF—VRIAT M. ETHIEZ

PAMPE VY VP

L CERIEGEZMEMICRITIBIET. Y RT LA
EEOMELEREEEH TS,

— BESAY
—_— 12VEEHR
SEXERR

ACKE
DC®
DCDC 12V
avn—4 12VEIRHIS INYTY—
| EHTH ﬁgg‘;%

N SAFLEBIET
h:géﬁ\rﬁg VCU ‘e REERHER
TR EEEREES

X1

KEVI R T LDBEEICHWTIF. BEFEODIILTEVT
EEDHZIVR—KR ~OHBIEARSN TS,
BAWMIZF. TIVTEVIZEHSNTWS /Ny T —
Iy I ERE&E. DCDCOV/\—=4 ., VCUGEE DR
BEZD-MAXEVIZCHEHBERIT A ET. MEDOMAE
RET - AEIRXAMDERBERBE TS,

LA ULGA S, /Ny T ) —DHIBIEIZIFE DD DR
BEHEELE, TILTJEVIZEHE N TWLWS/N\vTF ) —
INY D FBSHRADTENKE <. D-MAX EVDEE
BECFBEELELWEWSEEMND >z ZNIZT L.
D-MAXEVTIF/\wTU—t)L, /Ny TU—FT 21—
JU. RUBMS(Battery Management System)& LD
EBRIBRETITILJEVEHBILLDD., 2FDES
EMR B BROEENEESRZ /YT
U—/\wozEBHRet L, COREHIZEWTIE. TIL
TEVDO/\y T —FT 1 —)LBEEEN SD-MAX EV
NOHRBIEZEBRFCANTWEZS., ARLIZES
D-MAXA/N\wTFU—Ny I ZRILISER I ENT
=7z,

—A7T. D-MAX EVEBOFMAFE BT L TES
5Nz

EREN AT CH UL TIE. D-MAX EVEEBEDEHMTEE
L7ze B2(CT)L7EVED-MAXEVOLEEERYT, T
JLVZEVTIF Y RS1 TARAMEBEESNTULEAN
D-MAX EVTIE/\y T —HAEmHRRICEB=MNT
WBZ & BIZAREIEBIDERNH D Z &N 5. BIEE
B EICERAR—ITRETEGeAxle SRATRA =N
fzo SNUZERD. BB DRBAS EEHMRETOBH
EZzBEREINTLS,

TERRICHSWTIEF. BRNTBADOMEA KD SN,

EVZRTLRARUEBBEE

MKW =MERICXTIGL7ZOBCOERB & .
CCS2(Combined Charging System Type 2) &~
DEMNEES NIz, ZNSDMRIEFD-MAXEVDOE
ZMAMIFTHE2IAMMBTREEANES SN TS
RETHD ., SEORTEBICHTT BFEHEDR LA
M5NTW3,

D-MAXEV |

EVERFLh ! ?F
O
/é\—\'

JO> bk eAxle U eAxle
S CIN —— £ D
EHEE ES/M2) =Y KXy o
TILTEV B I RSITER
EVS 251

N
\,

e ————————

M2 D-MAXEVETIILTEVDSI AT LEEER

4.2 EF/INT—kL1>
D-MAXEVODEE/T— kLA > Evor7vr
BiROEVEHIZEHDE e EIE cAxle T, T—
T AVIN=Y BRFVRUT 77L > vILF
VE—FEL. Ny T U=/ I DEHFIR-IADR
K& =Y IVEFEEEER. HEEE - BRES

WIS 1375



FEISUZU D-MAX EVOEBHEICDNT

—RMEERETE L. AT HF U RIBEEMEES 1>
TORMHITIEEDERICEST 5T B ENTER,
eAxleMIBL\E LT, M\ — x EIR—Z x A
A =i, RETEHRECHENRAMERERALL
HHSEVAES TlIROFMERIEEZR S /=,

F7z. eAxlelFEMBIEICTEIT DEB L, IHIC
ED. REIDOT 1« —CIL T VERSOARERE A
ERIBULEMNS, T4—HEILI VI VECRBESNT
WA 7ART v T EMAREBEEGD. Ny TU—DL
A7 I hMEORLECEELTVWS, RIZEH/NT—
Mo DR ERT EEEBIC.E3CeAxleDTRK ~
WY - RREIFEZERT .

eAxletgE&E LT, 7H> A1,500Nm. UV
3,000Nm%Z=xRIBL. REKOI>VIVEIZHE LG
HEEEBLTWLS,

£1 702 keAxleRU YV eAxleft
Bi] = | J0O> heAxle U{7eAxle
N2 =
B HC11 HD11
E—55R KABARAR KABARAR
NLVO BRX 1,500 Nm 3,000 Nm
Hih =mX 43 kW 97 kW
EIRERX 350V 350V
BHAR Kig+ihs KIS+
E@N—F>o0v0 FEERH % 17
—Jao>k
— U7
T
Z
Q
-
z
9
x
<
Q
—Jovk
—u¥y
z
EN
H
9
% / \

eAxleE#s [rpm]

K3 702 keAxleRU U7 eAxleltsE

M4(CeAxleD NV IBD ERT o ARBREN I DRI
SVWTRFEBETHICERMDLZEEZER L MUY
B ERELT. —ATRBBADMEEICH LTI,
IR R UEHEOZ LN TERDDH S, UV DER
BHZeERLENIEDZREL. BRIV ITES(IC
DZ7 2D REDSHEZERAB L.

BRASRENH

24

UA7EFENER
L OES ) Rl

ey

B
M4 D-MAXEVZ7AYRUUYRILIES

RN NGERDRLUDIC LD EMIREZMH TS
=2, BEIREM ELCEREEN S LT ZBERIC
HIE T B EIIRE & eAxle D E—S HIMICERA LT,
NZED. RSIAT2v T MIRICKL S EDIRE =
R L. MREER URRBFDE D DM@ EICE L T
W3,

INSOFEMBTRIZED . eAxleldFD-MAX EVIZ
BIBHHRTLELTORIEERRL. EAME
EMEEDMIL A ER SN,

UEDELSIZ. D-MAX EVIZHFBEVI T Al
ITILT7EVEDHBILICEZHREE IR DMEIL. D-
MAX EVEBEMICL2mZBIOEOHEE. ZLT
eAxleDBAICL S EMEORM EZBLUT. EHY
AT LELUTORIIMERFELTLD,

4.3 J\wir—3 - T

WISDOEY I 7Y TS v IHOEBLIZEIFT
INY T =R, Bk UPH IR IR
N BREIVRTLGEDEEBREERICDOULT., #iiT
BT E RBILEERB L. FIC. EFEIILIEVED
LRABIC LI NS CHEPEERZERD
DD, EE - BEIM - EEMED/NT X EBKUER
NV =D ERET LTz,

BEmETEHIS CEMfichT\wad T —tEILT Y
TUETILDOD-MAXEBREL. RERERDEEI(Z
EEHTZ(FR2),

(i LS

BREBRMEZHFRT 8. eAxleRU. /T —
DEBZRBEILL. RIEMW ES200mmIX EERIRL
Tzo $BCEIBeAxle TEICIZEREAN S DIREEZBHNIC
FIHIN—ERE LT,

WIS 1375



FEISUZU D-MAX EVOEBHEICDNT

(2)Ramp Over Angle

BRERGZHRT S0, /Ny TU—TILEHHER
DEBT/\Y T )—DE=ZBAIMZ. Ramp Over
AngleZRAPRER LTz, ZORR. 707 /\R)LZ
TA—CIIVIVETIVERBILTE T,

x®2 FEHT(/IUI—MIFIBEVER)

FEE
£E (mm) 5,280
208 (mm) 1,870
£5 (mm) 1,810
&5 (kg) CREW Cab 2,350
A7 265/60R18
RfH_ES(mm) 203
Approach Angle(deg) 30.5
Departure Angle(deg) 24.2
Ramp Over Angle(deq) 17.6
e-Axle |[mALD  (kw) 40/90
(Frt/Rr) |&A L2 (Nm) | 1,500/3,000
Iy U—5F8(kwh) 66.9
f$EEREE(km, WLTC) 263
ZEBFRY SOC 20-80% DC #1B5RS

4.4 7S5y bTF—LA

BEABKEGDZ TV —4LEFTr—YEILI
VI VETILOD-MAXE DHIBEFIRIC O BRER
DEE(CE ESHTZ(H5).

(1)7L—LiEE

Ny T —BEOHRZENE LT, KXDT 1 —
CILIVIVEFTIVIZH U, 3ROV ARA T INZEE
IEL. ShEDgEZ/\Yy T =7 2 hIN—2RKE
IEBBEE LT,

ZHIZED. TL—LRUNAIEDORR EERED
TL—LEREENZ B ENTET,
QYT 7L —LERK

TAYRE-YLEBBICHTTIL—LEFHRL. B
AVR—FXSNFa1—LRZ . EHOA LYY
)& -BBEITSZET. HAUMRUEREDOR L
Mo 71,

(DR FIED -

INY T —BEFIR— XDREIR & eAxle T EFAIC
BIET BEHDIR—IABIRDIEZHIZ. WTSEYD
PV TrZSwvoELTAHTDe-Dionm) —T7H X
R IUNTIIRZNERB LU,

(4)eAxle¥ >
E— Y OGRS DM EEEE—A> ~D#/NS
VADEHIZ. eAxleBIEZEBIET 23RXRIFT YT~
ZEFzICEE L,
(5)7%EO
REOERFTERT—a>yTOREBICERELT 1 —

CILIVIVETILOBRFOMRBOMEICERE LTz,

K5 D-MAXEVZSYhT#—LA

4.5 BiEERE

4.5.1 EEMEE
BRonz/\wT U —FEDH. DL THEMGKEREZ
HRIBLEHICSFETILGIXRETDO>TLD,
EAFCI—Y-HAIIRSATZITHLHDAE
ELT.BETL—F(F4BRBEDORESA S, /NRILT T
FTERBICBRTETHMARICLTULSD, ZNISELD.
ZEEH - BELGEDEMDRERUIRE G EDETEM
(ZX LT, RBEGEEETL—FHEREL. R9%5T
XIF—EBEMZZZENTETH D, TR
7E—R(ENormal ModeEECO Mode®M2D%HA L.
ECO ModeBIRFFICIFIRMEEZINZ S & TEE
ZMR ESERETHAREE LD TLS,
TA—LBIVIVIVEBEICNTZ2EAMEDHIRE L
T NN TFI=TBDT7 I AIN-FRET Y I
TB5IET BERERTOEAMEZR LSS, ETE
MEBER LUz, £, TV OHEBFBATES50
EVICES T, ERNZERADIRILF—HE. $FICEED
PTC(Positive Temperature Coefficient)c —% &8
BRI EEMEDEILZR . ZOMNEEL L TD-MAX
EVTIEE— MR TEFZEAL. AKDORITRIL
F—EZHRICEDAL Z EICED., BEEMEDOHR L
M- T 5,

4.5.2 HFMEEN - D IOMERE

BEV(Battery Electric Vehicle)lcdWTlE, BEH/\
T—bLA 20Ny T )=\ I GEEDBEBERmDIE
MEED. T4 —BIIT VI VELTIF. EMEED
BN X3 BBLESREDOBILNBRSND, LHL
D-MAXEVTI(&., U=THIRYZ 3 >DIFREH &
Vo7 TV —IN\ORRNZEHBILT B ET, #
MezEMRUEDODMICEBLT, T4 -—EBILI>IY
BEMEAFOMREMITI SN TET,
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[WEMEIZDONT

4.5.3 IRENEES1ERE

TA4—EBILOI>I>E., RURBNAGWZ &2k
D, EANDEELANIVEKIBICHE L, (28
Bf. ROMBRETHORERMEFE <. BEORBEMER
FIZES5LTVWS, —ATUVeAxleNSDEREZEIB
BXUERE L TRT 1 ([SESMOEMN. MHAETHRE L
TeAxle7 A DIN—EBMZBMNL. ERNERYE
=mELEUT.

4.5.4 EhIMEREE (FASIIERE

AIRHICeAxleERB I 2B ZERA L. RA1tD
RAA— FEHERURAISIDIFASIEKICESVTE.
TRIEFAE - BIRMBEERRTBEGeAxle DEEZST D
2o ZDFER. D-MAX EVIFRERDAMRERS (T —
CIWIZVIV)EEHERERFOEBNMLEZEBL TS
D . BIMEICLBUERETEHDEN 2R LT,

4.45 Z2MHEE
BEVIZEWT., T —TEILIVIUheAxlelCEE
Tﬁ’@baf &Ik, FEEEFCSITIER L —
DERZEBHEDD . BBE/NY T —(ZHA—T

MELCR. CONEELT, U1 RAVNICHEEMZE
EmL. @REENN\YTU—tIICEEFEERIF
SHEVWEEREERA L, AEERGICHSFE7

— LB L TIF/ Ny T =7 2S5 HIN—[ZRERD
TJAXAVINOMEEEF B2 ETTIL—LDER
EEMZT,

5 &HhHIZ

ZDE. WISELTHELEBEVEY 7Y T~
SVUDEBEERIBTZZENTER, INlF. BREK
UEEICREUCLBRERMDZRGIEHICESE
DTHH. FEGHHEZEXRT 5.

AEMIF. REODVWTSOEYVIPYTRIVY
%%<ﬂﬁb?%f5§ﬁcﬂb\+ﬁ&ﬁ%€ﬁi
FRBEUTIRHETETHAIEREEL TS, —AT.
$$iL@EGéHmM%F®$wﬁﬁétwﬁbt
W3,

SElF. REMICWT BMHiEH 5 OFHEE R ERE
TIVDERET - BRICRBSE. LDEMEN DIFHRA
EGEVEDRIBICET ZEBETEMETHS.

SVWISEED—IF

RLw b _STIWEY 7w I (DR T)N1965F3)
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The Styling for New ISUZU D-MAX EV

iR g JRE) AT ME B A& RAE* BH BA*
Yuichi Kushida Naoyuki Akashi Tomoyoshi Aso Yasuhiro Okame Masato Fuijii

2 B

ISUZU D-MAXELTIE RIS THDEVET A2 TBHEVWDITAIIIRT, WISTHA VY —HHFCE
BLEOFE. WIT SOCNEREICRI>ZWIT S5 L, 2FD. 22 - BREY - FEBE VL >IZEARMEE. EvD
PYVITRSYIR—IADEVE L TDY TS ZEBFEZ72D AT #FBISUZUD-MAXEVDF ¥ 575 —&nh DT
CRIRTBEVWDRTH B, AR TIE. FHEISUZU D-MAX EVIZIASD =T A FDRWERY A )2 T D ZE T
AtEXEEETBNT 5.

Abstract

In this project to design the first EV for the ISUZU D-MAX, the Isuzu Design Center paid particular attention to
expressing the character of the new ISUZU D-MAX EV in an easy-to-understand manner, based on the Isuzu's CN
strategy, that is, the basic performance such as electricity cost, safety and habitability, and the toughness of an EV
based on a pickup truck. This article introduces the designer's thoughts and styling features of the new ISUZU D-

MAX EV along with the process.

1 (FU&IC

FEISUZU D-MAX EV(Electric Vehicle)(ML R,
D-MAXEV)(E. >t 7+ EFILTHr R E O
SO 3VETFIVTHA UBREREILITTIT Ok,

LY. THA I —TlE. D-MAXEVZE4Y Y
SAVETILOAEIF, KITLTHETZTINTLWSIIIL
TJEVE#K. T —EILI VI VETFTIVICEV/N\Y D&
EEL. PEROBRICE > TRATLEELEWVD
A7 hDOBEEEZEZ T\,

LA ULGA S, BAFICREELZIDETNETILY
WEICTho>Tel&EE YT D SD-MAXEVTIE.
EVX\Y IUADERTET« —EILI VI VETIL
EERMEETVELWEDRVWEEN S, ERMEEZ
FULODORDDMZDHIIREANEABEIEL. HiH
DEL(ICIGADZEE LT,

2 aAYE7REFL

TJUTJEVHREE. L\T YCN(Carbon Neutral)#B&
ZEBAY 728 (2. BEV(Battery Electric Vehicle)
Evor7vIcSwIEBEELTVWREWDSTFIY
AAVRETBZEICED, AEPOD-MAXEVZEL
NARY R TRABLEEVWEVWDS U I I MY TFH A >
Ty —-ZEVIAAT,

21 AE7+ETFIVISE
TILTEVEWT SHAD A R~ THENRE(CHE
NI 28I, SMFERIERTH >D-MAX EVERETR
IBZETHEDT BE. SMEEERBRI BFEL D
eht. BMEEF. HIFRERD2024FETIVOFE
THAOTRIEESNTE D, FREFREZSRTFER
EoklH. BRIBEDHICEFEHEEZDLGLED
2023FMMRICRITBEN DD ENEKE LT,
MATBENT 4 AU E2—9—H5.2023F /L
(CEEEZRT DO THNE. BIERKRRBDH D RIENR
DBEVEW I 7Y TSV IICRZZEDHETIVIC
LTMLWEDREND -2, 72 CHREE & ME
DR, STEZZELCOAT70AETRETIL
iy i (- - Dl all Nl Y =i

22 FHqs>aAET~

A7 REFILOTHA I THi-Tech & Smart.
HEOA 7ML,
BAMCZZOOAYETRETFILTIEY—T Y RE
B0 IRRRZ, WISCNElEE LTD o) —> ]
[ZHZ. SNETOVWTSOAVETREVES VI D
Iyt REAHRILTEZZEEBIELR, A TEV
Evo7vIcSvoELTHNDDITVWTHL %
ENF7Z(R1),

TS —
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M1 FHos>a>EThk

2.3 29405

THA AT NEFTUTTAT 7RIV F %=
EBRLE. 7477 RTYFHRLAS, WTSDTZ>
REvSU5—TH37—)LRoOXR70-"FU)L
[CEVERMI B2 LBELTHRAL. SFVYRT
INAATYVIIGAA—TJDARETJILTIEEH/IN—TF
52 ETEVS LEZMBALEBRICKRDIAATL,

CO2REHARVBAT A ANUE2LI—-5—EL
Ei—-LUERER. MEORSZRMELETH1 U ZER
BAdsZ&lclT,

BEFIC. AR M THERIZD-MAX EVDEER
AA=TEDHDPITLKBIEATREHIC. AT
FETFIVISEMNMEEL TLWBSHKERXRT—3 >0l
AU IEBELER2. K3, K4).

m IMAGE SKETCH : B

m IMAGE SKETCH : A

M2 PATTPRTYVF

M3 AYET7hETIVISE

M4 HEBERXTF—IazvlLydUy

24 A>ETRETIV2EE

BE2024F3BICY« N7 I2T Tlsuzu's
Policy towards Carbon Neutrality (L\g S CNEES) ]
EWSTLANY T 7LV REYAERE-Y—>3—
T. ISUZU D-MAX BEVA'SEHREIND Z &I2%D
oo AVETRETIVISHIFE. 2023FAKE 272D
(ZX L. SEIF2024FETIVRREDANRY R THD
Tzo F2T2024FEETILR—=XOA T RETIV
2SBZEROTTHI>TB &L

A7 hETIVISENSTHELZ > I ENS.
AVETREFIVZESEDOT YA >ATEThE THI-
Tech & Smart) ZHEL T,

> T7ETIV2SETIE. ISUZU D-MAX 20244
EFILDOSTRONG TSPORTY I U R T U7 FHA
>ZzEEMLDD. D-MAX EVDH# T d 5 DUAL
MOTOR(2E—4%##)ICLSFULL TIME ELECTRIC
FOUR WHEEL DRIVE(Z LS 1 LABEHEEK)E LD
COEOHBSERALLETS A ZEEL THE
L7z(B5. B6).

M6 AVETRETIL2SE
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3 AR50 3zETIL

3.1 TORFU7

ISUZUE Y O 7Y TSV IHAIDEEBEVEGES
D-MAXEVIZIZ. O>E 7 ~EFILASD NHi-Tech &
Smart] DA A—TJ%=T7O5F 0> 3>EFTFILTESIE
< AN ZHRDICEVOEERERIB L. A
KRB & TEMER] ZAXA—JLEHEDTIL—
XYy oEACTNETIVEARKICEKB L. EEE
[CRBRUTZ(E7)0

®7 #HBEISUZU D-MAX EV(HE£LER)

EVTHA DI v REGDHETIL—AST )y
7O JUILOT—)LRIOXT7A—ENY
RSO XAROH——w>alcEEL. 71K
BZEB(CEBAIBZETT —EILI VI KL
DEU—ILEBDRZETOSY 7> avETFIVICRBL
7=(8),

M8 #HMEBEILIKIVYI-TIL—AFUwo

FREB@EGZDEV/\Y D IF 2023 F(CHRKR LET
HROFETILTEVNY DT YA ZREL.

_’IO_

ISUZU BEVEEE L TH—RDH B TH 1L TV
%, TIVTJEVDEER—-R([ZOUT7TIL—Eo0OA
HOEOIAVER—T 3V THEARBDHZ T Y&
L. ZEED 7T ET—IV7— MD3ERRICLA 7
kU, BEGENMTIEELS, JURIVNTEE
BlE. MELKTE-ITBZETHHERERBIT S
ZEEBOE(E).

Fie. TAY I VETIVOFETIL—AY )y
TDNZ—FFETIE. D-MAXEVOEETISNHZY
1 TOBBETEDHRIZEVWN DS RSN,
HATHELEZIOD>E/NETIVEO T IL—IFIRHED
KEXATTIE TRRELTW=EDTIL—HAECRAT
LES) DT ER>R. 22T ITAISUZU
TECHNICAL CENTER OF ASIA) @ IDD
(INDUSTRIAL DESIGN DEPARTMENT)IZU — KL
TESVWENAS, BREY 1 OmER THEDL <F
& ITILONIYY - TI—AY WU ZHESE
2o 2OFEBZEEVNY I ETAY RTUIL. ANV RS
CTICEEBEE L TRBLEE,

BT —BILI I R EEVIERR D ZERIME I
DUWTIE. YTV D SDOBFEOESIAIMNZE
ZEEHBD. JAVKTIARTE FE TILY
Jw « TI—AEI)wo ) [ZA. BIZTHIRE
IWEENSTL—IZEELTLS(E10).

M9 EVI\wZ E10 T#IXREIL

ZHUSED . ERARTIENZINDHY AT Uy D
EQAZ-AVER—3VAFai-—ZvTsn. T
A2 b7 T4 REFTOFHBREERILT B ENTE
7Z(E11)s

11 #BISUZU D-MAX EV(LE#R{LHR)
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TOY 03 EFIVOIVIT U TlE. 25
EEBITBECED. To—EIIVI LKA S
DRHOBRZ (ZHWHD EVELTOFLSEE YD
Y ITRSwISLWD TS TEEREERERIBLE
FH1ELUE,

3214797

ATV TPTFHAIZDOVTIE R=X(THEDTL
T4 —CIIVIABOTHA o DE=EFEHL
DD, IV RFTUFPTHA ERRIZ THi-Tech & Smart.
DA A= T, EVETIVEBETEEBD DT H 1 BH
=127,

ATI7AZ—OA—T14RX—3 72OV,
D-MAX EVSE LWR Y — hSEBMBZERLUIES
A TFUTPTFHAUERS S T —EILIVT Y
EFOBHEB T ERETILEBBROY -0 T L —X
SUwoemMmETSv oINS T U7ZILOO—
TA4R—=aAVERBIBRZEICLEETI2. B®13).

12 A4>FU7EYI(LBiER) 702 K

M13 AVFU7EYVI(LRIER)T A+

EVEIBEAKREGBA—Y TS Ty IRV T
INRRDTHA AT SFTCLEAN & LINEARY
EUL.TEVE LWI U =2 GRS A ) TE—F TR
T5)Z7ERR). TRESE A —HMID(Multi
Information Display)& DML X451 )LDE WL
ELT.

BHEMICEIIRT U7 THRASNEHE TTLY
WD - TI—ASUwoT ) EAKIC. TIL—RU
TJV—2RDA=FTS5T4vIEHBL. T4 —tE

_‘l’]_

IWIVIAREDERLE. EVELWTH 1> &
HDHPITNRREBELE,

Fle. TA—ECIWIDIURBDA=YT ST 1Y
7123 LT, POWER/CHARGEY —< M4 R BE
= NyTFTU—RKRET - NvTU—BET—
STHA NV T)—RERT —Y AKRRGEEEVE
BOXRRIADTOVEFEICTHA T2 ET.
FCLEAN & LINEARJ WSOt 7hERBLE
(E14. ®15. ®16).

B15 A—%93571vT(ADAS*)

*ADAS (%t B X X 7 s:Advanced Driver Assistance Systems)

.lD :

32% = 8n 25n

< 110 11450 \\)
o0o 1555555 km N >
% E=T]

K16 A—=9TZT4vI(RE)

AT(Automatic Transmission)> 7 &~/ 7«27 kX
Y=oV TlF BRTHA 2V ET—EILI>D
DETFIVEBELEZ, ULHALGENS, T RN —2
F. 754 N\A DA VLICED,. F—EILI>IY
ROV ZAT7IVE—RIS T RNI—=2Dh 5 X
L—brD2 T MINI—ARRDEEZEIT DI,

ZDIENAD WD TIEdDBH. PESS(Passive
Entry and Smart System)X - FEFUELU W I~
F—=TF+—LIN\—DFRRICDOVWTE. EVERDTH1 >
CRELZ{TD>7%.

NSOXWBIZED . D-MAXEVIEA T ) 72k
T MHi-Tech & Smart) 1A A —=IAMeh 271 > %
EHLU T
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4 TUVRTIUFPNS-—

ITORTITHAT =S4y T425BIT 3(2HT=
D. D-MAXEVOEHETH2T—I)LRIAX78—0
BEMEHE TTLORIwYD - TIL—AF W]
E DN EREEICRETZES T,

FIOHIC. 2HGEE-_—XEERLDD. B
BOHRHASTAOYNTUILOFHE TTLI KNI YYD -
TIV—=AZF) W] ERANIYFT7% TV )W R
DIRTA I TIN=ILIRDA =i TTZw o1 T2
N=LT=F4T7LTL—1.TZA4 L —] D6BZE
BELR,

BICVY—"Tv D SD-MAXEVELTIORFTUY
No—TEEROF VI IY—NIT—&HFBRLLEL
SBEN DO,

% ZTISUZU D-MAX&E L TIE. D-MAX EVER®D
FVYSUO—HS—ELT T/IRIT - TIb—]
EMZ. SH78DAZT—Z1 >+ Yy TELEET),

COLOR VARIATION

DOLOMITE WHITE PEARL

MERCURY SILVER mat.

NORWEGIAN BLUE mica

B17 TORTIVFPNAS—-3542Fv7T

FvSO—AZ—D T/I)IIRIFP> - T)—1 T
F. TORTUTPTHAHEFD TS - TERY
DEFFREBIELZ. SO T/ ILRITZ - TIL—1 &
BETHPDN G-I\ 1 ~EL B 573‘??
HDHBDTT—RTHEHRL. RRULGFERICEK

Hi-Tech &Smart. G’(%—/éﬁiﬁbt(.'l&o

_12_

18 FvSU9—-HS5— T/ILRY

>T7I—]
5 &HOIZ

MIZFREOZIZIHZ DXL, ISUZU D-MAXDEV
ELTOF v U9 —&BIAEZLEVLSBVTT
YA UREREZT O

D-MAX EVTIZF=RRADERFE LT, Ot
TrEFIMERORIZAIELRZO>TE T~ THiTech
& Smart] EXFAUVITDENE, /\—FRILOFEL
FNREDOHRTEETTIVNEHT 5 2 &R IR
mMTholz. LH L. ISUZUD-MAXDEVE L TDH
HMERERICENZRIRETDERTERLEEZ D,

BEIZ. D-MAX EVIZ2025F4BXRAFIJRTD
CV(Commercial Vehicle)>3—([CHEWTHREREINT
D, SBORYCIVIZH L TOFHENRICED EZ
A52TH5,

D-MAX EVAIEBHDZHRIMEICIGZ . TeEZSIE
HU. READY Y 1—2320FFKFIHE. ISUZUD-
MAXS ) —ZDEGEZIR—IVELHNH T EEARTBTH
EMTE. FFBCOSNLLBOTWS,

REBICTYA VHERECEDO TLWEEWZIRTO
B2, BEDEZRLARER/ S EET B,

S5

(1) FRIEIT (FH : FHEISUZU D-MAXDTHA (2
DU, LI SE#R1315(2019), p.11-20

WIS 1375



IVFEE THEL ISUZU D-MAX EV

FEISUZU D-MAX EVD/ N T =)\ IREICDWLT

Development of New ISUZU D-MAX EV Battery Pack

KKl BRBA* HE AE ME B5* FH S
Akihiro Nagafuchi Shogo Takeda Nobuo Matsuba Masanori Kurita
A g =E E# W EA BIK BT
Masayuki Hirata Kyousuke lwamuro Hayato Saitou Takanori Shimizu

2 B

WIS E TOWINIREBRIIESY 3> 20501 (CEDE. A—RZ 21— +IIIVMESKRIRICEMRT 22 D—FE
ELUTBEVORREEES TS, FEISUZU D-MAX EVTld. BEMMEEZRFOT 1 —CILI >V ETILIEHIC
IR WIS/ TU—/Vy IRELLIZERD BAT,

KIBTIE. FHBISUZU D-MAX EVIZCEBE LEaBE ) FILLF /N T U —RRICDVWTHRBNIT B,

Abstract

Based on Isuzu Environmental Vision 2050, ISUZU is developing BEVs as a means of contributing to the
realization of a carbon-neutral society. For the New ISUZU D-MAX EV, we developed an in-house battery pack
for the first time at ISUZU to maintain vehicle performance on par with existing Diesel engine models. This paper
introduces the new development of the battery pack installed in New ISUZU D-MAX EV.

1 [FU&IZ

2025FUBE. /IO T -G EDORMERE TIE
T4 —CII>IUVEBHOHMRRGEZERENCEOL
IRBEHALHAOTUVS, WIT SEINSDHIE TR
559 BD-MAXIZE ULV TEV(Electric Vehicle)E MR
GHIBRANBETH DTz,

AR TIEHFHEISUZU D-MAX EV(IAT. TD-MAX
EV) )IZEBETZ/\wTU—/\y T DFREFEIC DL
THNT 5,

2 NyFTU—N\YIDHE

2.1 YT =Xy o DETHEBLA 7 e
BEAD/\YT )= /NI DBEHMEZRIZRT . - = EmnE |
Ny T =N\ I EFvTRT TRUS VY TL—
LRBIDEBICLA 7D T 3T ETEHREGENBH M1 NyTFU—=/\YIDEHUE
SOEECH LI\ T U—/Vy I E I NSARET B ) -
Bse Lk, SHEREFEZT /N T )=\ IDETERIIC
FEFA—BLIVIVEFLEIBIAVR-—% mT. .. i
> RERET B T & TEENORE M & BBRERY BEDT A —CLIZIYETIDNSORDRR
ERRDT « —ILT VYV ERERZICHES LA EREL, EMOEVBFERSCRELGLICZ
5. BEAEHRENSERRT ZEH. /NyF— BH L. FOROAZEOENFEHEZRIRI DI ESE
I IDLA T RRUFRERE LT, HisL. CNZEEMT B0/ (cel ) DREZEE
S, BEMEEEICENTZ/NNY T U —FT 21— )LDRETZE

1To7.

*XEV I RTLREE B I IREEZL IV IEREE—H

- 13 - WIS 1375



FRUISUZU D-MAX EVD/ Ny T — /X I DBFIC DT

FRBHEBEAECDONT., MkIEH200km X £
(WLTP{E) & ZMABEE I 5728, 66.9kWh&E LTz,

&1 INyTFU—=)\WIETT

BithigsE )F LA A o (HE)
Bt EANE | 66.9kWh

EREE 354.2V

AHAR K&

23 NyFU—=N\yoKEAET~

D-MAXEVI(E. T4 —TCILIVIVETFILO TS
N7 A —LEHBIULUTHEZTO>RERES. 7L—L4A
EASE< . ElMAEAABICHIFZ/NNYyT)—/\y oD
BE#HAR—XCRELGHOMNELC TWE, BEIZD-
MAXDRE T Bl FEPIZ/ N T — /I Z=EE;
LoD, ENZHOHEREBREREZIBEHDEME
HEREHRD SN CNSDREAEH AT 6.
AEETEIERENDEEEDOVFILIF > EILE
BEL. DXENG/N\YT—I 2T ERRUE,

FrraWZ2UERIRT DN, 1EILHEEOD
BREZMZ., INEWITLSHIERIT DEBRZHEBL
eo THUZED. AN—DTILEEED' XU &R
L. Z&MataR®o7k,

CTIWDORBLAT7 OV MDEARULZR2EZMILY
38, EZa1—IUIF6EE LT,

SRABMERUBEHANERICHBT 576, L
DEMRIGFANHIARITREGD, T2 TEET 1)L
RICERDBEN L —~EREL. TILEKSETS
ZEELTE,

MEZED, XN T U=\ IIFBRESNETL—
LBRR=Z(Z. BEENDOBRE. X2, &5H
MEEENS DV RAELKENSEZZEERFIET
& U7z,

24 N\yTI—=2RT A

Ny T )=y IABCHEFZ/NYTU—F
J1—-IILOBRE. BEART L RUBEERRSIE
OZM2(2R9s

KAUBAEECDOVWT, Ny TU—FEZ 21—
NDHEFEF DA EHIKEZMIISE 5728, /\Y
T—=/)\IRRICEE LTz, ABEICKD . BANEL

B amAINYEN(CHIRSE D ENFTREEED.

v LAEMDEEABICSIFTEEmLLANR—
AW TICEVWTE. NyTU=NvTIDL17Dk
ZHR/RICINZ B Z EMNTET,

BEmOBEEM ERBEIR—IBRDEES. U1
N=4%EEREREILIZ W (Q-Charge) T =D
HV(High Voltage)Z 1 > (&/\w T U —/\w D Z8E2
FOREERELNYTU—=/\y I DEARICEEELLR
SIHAZEER T,

_14_

FEEHZKOBINS. 7AY ~ 2V /\=F1TEDHV
ZA 2Ny T )=y U ORIl EERMRS IHO
ZRIFTBW\ELE LTz,

BMS(Battery Management System)DHERL(Zd5 L
TlFE BEZ21-ILOSEERBOEIE - HHZES
BMS&., BEENSEBERHNICOMULEZBERD
MBMS(Master Battery Management System)Z &%
BId&lCED. Z2MZzMRLz, FTZMBMSIZ
SEREVL -—fHEEZNSTEIET. EEFIC
INy T U=\ ZBEBMTE/NY T U=/ IANDE
BEEXZEMTCESRETE LT,

NyFU—FEZa-)lL —
SRR IHO | —
Sy osaiRyvoR [
BEEE _—
R o

o |

| —
I__l

2 INwTFU—FJa1-=)L/BEIRT LA
3 INwFU—= )\ DtEEEEIE

KINY T )=\ T IE EVIZKRH SN B Z2MRTY
FEREDERZmEZLDD. D-MAXELTT 1 —t€
WIVIVERFEOERRREERLLBEEGDEX
DICHFE LT,

AETE., NyTU—=/\yT(ZRHSNZEARILEEE
ThaILOLEteE. /Ny T - 5AteE. BRET
BICT T BREMERE. BREEMRE. PHKMREICDL
CERBAT %,

3.1 BILREeMHEE

CILEERERICEVTEREN DARCERD
BERAATEEEE D KD KERET TIECID(Current
Interrupt Device) &g X =HEERTILERA L,

FEEBCIHASORGEICIDEREMLEZEN
LT, GIVEANRY T I LIV EFTELULEZE
EE LTz,
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3.2 N T U=\ T s EERE
BIXRILF—BEO/NYTU=NNVIDLAT7

hEHDSBAKEED AR—IHPRSNT LTz,

2ERDOBBET STy bERE L. ®ET STV b
(FBAKEEDAORARUEARIZ ETABICERT
R TEIWEL T BHET. RBEHSIBEKEE
ZRELUR. INIZED. /NI OEMRELEGHA
ZO2N\T TR ENTERZ(RI),

FEBFED 21 -ILDBAMEEIT—ILT B8, BE
KEEEDERBPZ/\Y VRRICEE L. DECADKE
EFEREALBICERESNZEY 1 -ILICERICE
BFLDCL. INEEDEZ 2-ILED/NY T —
DRERFSDOESZEMHR L. N\wT U —DIEEEERAR
KRBT B ENTREE G DT

HIlET Sy M
M3 SEBELTT7 UL

HRET Sy b2

3.3 INYIERNE £S5V )EBRICET S48

ANy T =)\ I DEREBRIE. NEPEBRERET
IgHA7T—X. 7vI\AIN—. ETFEEO>—1)
IEINSETL—ATHICEREYT 57 45 /\RIL
CE>THERENS(R4S).

ABEICERSNZEGMEEG. BETHCETS
IREEMRE. BRLZEMEE. RUPIKMETHD. N
SDHEMED DB, ZLET7 VY NNRIVICENT %
SHETBET. T—RERPADBIRERVETL
A —IAREBEDRBZETEE L. BELLDODOEME
BENEBHTETHEEE L,

_15_

R4 Iy TU—INY TEREBRBAK

3.3.1 BEAFHICHTD/INy T —{RE R
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Vehicle Performance Test of New ISUZU D-MAX EV
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Abstract

The New ISUZU D-MAX EV's system provides linear acceleration typical of EVs, while minimizing noise and
vibration. Additionally, its high towing capacity, large payload, and excellent performance on rough terrain are
made possible by powerful electric motors and a robust frame and body design, allowing the New ISUZU D-MAX
EV to match the performance of existing diesel models. Here we introduce each of these performance features.
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FTRISUZU D-MAX EVOEERAMTIZDOLT

Manufacturing Engineering of New ISUZU D-MAX EV

ApE BEK* Siriwat Samuang* KH FEER**
Keita Sudo Hiroaki Nagai

C = |

WIY(E BHROD—ARZ1—,IIIHEDRBICEM IR, HRI100MEULETRESINTULSISUZU
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Abstract

ISUZU is developing an EV model of the ISUZU D-MAX, which is sold in over 100 countries worldwide, in order
to contribute to the realization of a global carbon neutral society. As part of this effort, Isuzu Motors Co., (Thailand)
Ltd. carried out ISUZU's first-ever mass production of a battery assembly. This report explains the challenges faced
in the production process, which was a first for ISUZU, and introduces the approaches and solutions from a
manufacturing technology perspective.
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Development of ELF EV Walkthrough Van
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Abstract

ISUZU developed ELF EV Walkthrough Van in order to realize carbon neutral society and support distribution in
the last mile. This article introduces the objectives and the outline of development of ELF EV Walkthrough Van.
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2.2L RZAF Diesel Engine for New ISUZU D-MAX and MU-X
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Abstract

ISUZU unveiled new models of the 1-ton pickup truck "ISUZU D-MAX" and the 7-seater SUV "ISUZU MU-X,"
equipped with the newly developed 2.2L diesel engine "RZ4F" and an 8-speed automatic transmission, in
Thailand on November 20, 2024, and began sales in the country on November 28. This paper describes the
features of the RZ4F engine and the outline of the technology adopted.
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Abstract

We constructed a numerical analysis model of hardness and residual stress distribution considering phase
transformation during quenching. Using the model, we estimated distributions of hardness and residual stress in
the induction hardened shaft. The accuracy of the model was confirmed by comparison with the experimental data.
Moreover, through the numerical simulations of induction hardening under various conditions, we also considered

the relationship between the case depth and the residual stress distribution.
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Abstract

Supercharging is very efficient to improve thermal efficiency and reduce emissions of diesel engines.
Especially, electrical supercharger development has significantly progressed in recent years and it enables high
supercharging pressure operation which could not be realized by conventional turbo engines. However, it is
suggested that excessive supercharging has a negative impact on indicated thermal efficiency by zero-
dimensional combustion simulation. In this study, verification experiments using a single cylinder test engine
were carried out to confirm the decrease of thermal efficiency by excessive supercharging arise. Furthermore,
the configuration of superchargers was investigated to realize the best excess air ratio condition on the test
engine.
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2 HBRERME - T EET - BEBREN

2.1 BRI - TV UET

AR TIF. ERAEIEI Y VZHAVWCEHEZ
EELZ. COIVIVICIFRGSMC2EDEEFH R —
N=F v —IvHNEJICEESNTED. ZRATESD
Eb3.2:1FE TBMTEEETH . £/2. RRBED ERZE
WHTBRH. TNEFNOX—/I\—F v —I v DR
RAcA 90 —SEREBE LU, JEEHEREFICHULT.
I>YVIRRR— h ERTEHAIESNAIRTBREEDBEZ
Z305K+5KE L. FREEREGERA YT -3
DADBEDZEN £ 10KIARICRFED LS(2. X —/\—
Fr—IvOREGEREHBEHBTAIOYI—F%F
BOWTRSEEERAR L. HIERERICIFEBRHER
BSNTHED. MILTHIRENZRET S ENT
=3, ARBEIEIVY VDETERIITRT,

&1 HBRAI>I2HET

ZH TEHAIERREL 2D 117mm3/cycle DA (2R
L TIX0~40kPa#EEE Tl AHUE < . HERERAD X
TR DEBGECEIDZDHEDEHBRTDOIY
TUMRRUSHANDOEZENB R SN2 IRIE
NORAEIEZE60kPalZ5IE EIF TEHRIZEM L 2o

&2 EBEHIRMEHBR/INSA-Y

Engine rotating speed [rpm] 1,200

Fuelinjection pressure [MPa] 140, 200, 240

Main injection timing [deg. BTDC] 85 60, 35 10
-1.5,-4.0

Pre-main injectioninterval [deg. C.A] 12.0

Pre injection quantity [mm3/cycle] 3

Main injection quantity [mm2/cycle] 63,114

Intake pressure (gage) [kPa] 0-~200

Exhaust pressure [kPa] Same as intake
pressure

External EGR rate [Mass. %] 1.0

Maximum target of in- [MPa] 18.0

cylinder pressure

Bore x Stroke [mm] | 120 x 145

Geometrical -] 18.6:1

compression ratio

Displacement L] 1 640

Connecting rod [mm] | 223.5

length

Superchargers 2 Stage charging with 2
intercoolers  at  each
turbine outlet

Mozzle hole [mm] | ¢0.143 x 9 holes
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RIRREF E66mm/cycleDIFTHRIFAI T > TlE
BEBETRHFT. IRFHEMENFHK0.7MPa.
117mm3/cycleDIFEIFHEFERETHD . BRFH
BRENGFH1.2MPaTH B, 1z, SHREFICIFBIEE
NERUHRENEGZ LD ICHRERNDEEFBE
TR LUz, AARERRBNEOLENRZWHRT
BIEEFRELTHD. SRR IEFPOLEZZER
([CANGEWEZSHE. 1NLTF—/INT Y THORK DR
FRFIZED . BRORAZSEANET T D%
<Te®. LEEDHIRENREEZT o>, ZOHKESN
DHHELZESEZEMT. HEBEGR(Exhaust Gas
Recirculation) D H) 5 REZ 1.0% (25 E L TEtE&
Lz. 2. IVIVDOWIBAE <2, BRADRS
EEEHNAIB8.0MPaA T EGB L DICHIBRL. BB
EN T COEERFC(EZDEAFIBRZEBZIEWNEDIZ,
R2DA A VIEHFHEBRIFHOB TRRBAMEMNRT K &
EAREASERELR. RIEAICDVTIE., HKIE
& 66mm?3/cycle DA TIF0~200kPaZF T20kPa
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B TIFAD LR CEBHRBMNEROAEBEBAAET L
ZENRENT,

ADEAIC L BRBIREDEVEREET B726. K
RIESEI200MPa. TESTBILARFEA EIE<AT1.0deg.
TORMNT DK FEE 2 (AHR:Adaptive Heat
Release) & B 41 FSN(Filter Smoke Number)® X
E—UHHEECDOVWT. AZE#CE > TRz,
INZERBIZRT . CORBTTIF. A=3.1TRREM
KNBAREZE E > ZOMETIE—VHHED
EbER DG MBEAA SR SNz, T2, REEREIC
D2UWTH. A=3.TATOHETFADEZSHSFL
BIMLTWLWLH. AS31DEETIE. ANERLTE
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RTED. BBBREG T TREABEDLRICED.
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Study of High Compression Ratio Achieved by Extending the Stroke Length
on Heavy Duty Diesel Engine
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Abstract

To improve the thermal efficiency of diesel engines, increasing the compression ratio by extending the stroke
length without combustion chamber volume reduction has been suggested as an effective approach by engine
combustion CFD simulations. Therefore, experimental evaluation of extended stroke specification about
indicated thermal efficiency improvement effects was carried out using a single-cylinder test engine. As a result,
extending the stroke length is verified to be an effective approach to improve indicated thermal efficiency, as
cooling loss is significantly reduced in high load conditions. In low load conditions, reduction of exhaust loss

contributed to improve indicated thermal efficiency.
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Geometrical [ 18.41:1 20.21:1
compression ratio
Displacement [L] 1.640 1.810
Conrod length [mm] |235.8 228.3
Stroke-to-conrod [-1 3.25 2.85
ratio
Superchargers [-] Two stages charging with

two intercoolers at each
compressor outlet

©0.143 x 9 holes

Injector nozzle hole [mm]

3.2 HBaRH

HBREHGERICRT, BEHRFHFEMELRICES
FE—E L. BMHESENZ200MPat L. A1~
BEHEZE BBERHO2RHURET S E T BREN
NDEBEEMRHFEDEBTRLEVWATHBRTESELS(1TL
Te o AR (FRREN ZR N E DR RESRN FERD /=8
HRKITIEFOAEEZER LGV, 2. /ULTF—
IN—=Zw THRORGERERIFICEDBARAZZDE
TETZBE <28, BREDEHIEINREELES
FOCHIRBNDEEAHEZRAR L, ZOHRE
HOHHZEZESE S BT AEBEGR(Exhaust Gas
Recirculation) D HI B RMEZ1.0%(CRE L TEER
Lize 2. TV DWEBZEECZEH. PmaxhHt
18.0MPalATT &2 LS ICHIBR L. BBHRENRMET
TOA VIERHBRRBERICRIIIZVIER
AKELUTHBRBAEAU T TCOREAREIRER L,
IRQUEDIZDONT . MBIESTE66mm?/cycleDIEE T
4 TIE0~200kPaZE T20kPafEifE TEHRIZESEME L 7=
AL 188mmi/cycle D B BT RMHICE L TIE.
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Engine rotating [rpm] 1,200

speed

Fuel injection [MPa] 200

pressure

Main injection timing  [deg. 8.5,6.0,3.5,1.0,
BTDC] -1.5

Pre-main injection [deg. C.A]] |12.0

starts timing interval

Pre injection quantity [mm?3/cy] |3

Total injection [mm3/cy] |66, 188

guantity

Intake pressure [kPa] 0~200/20

(gage) kPa increment

Exhaust pressure [kPa] Same as intake

pressure

External EGR rate [Mass. %] |1.0

Maximum limit of [MPa] 18.0

Pmax

4 SRR - FME
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release rate [J/deg.C.A]
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m Cooling & other losses ® Exhaust loss
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Right-Sizing Concept for Improving Thermal Efficiency of Diesel Engine at Partial Load (First Report)

- Engine Concept Construction Using Simulation and Prototype Demonstration-

Aig BE*

Nobumasa Ohashi Hikaru Ito

Z B

Bk =

Takayuki Furukawa

8= B MIL* all Bt

Kazuhiro Enoki Naoya Ishikawa

INBRSREZNRIC, EREENSVEDBROBMNERLEREERFI LIz, ORTETIVICEZBTDORER.
MERECRELGDERB L — A IAKRIRENZERE L THRI B DN, VBT HZED
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Abstract

The purpose of this study is to improve fuel economy at part load operation for light commercial vehicles. 0-D
engine simulation results show that increasing displacement and removing turbochargers solve multiple trade-offs
between component technologies that are barriers to improving thermal efficiency. A prototype engine was
produced to verify the effectiveness of this right-sizing concept. As a result of prototype demonstration, the concept
engine can meet Japan’s post-Post New Long-Term emissions regulations while improving thermal efficiency.

1 [FUSIZ

EXETUBOGHGIREMEREH X : Greenhouse
Gas)DHFHEDIBHIZHE D HEREBILPHIED /=8, 1T
ROFXEEHIF2050FFTICCN(A—R>Za1—kZ
JU: Carbon Neutra)/#t&DEIBZBIRIEESL T
W3, COHHEBDH LZ18% % L6 2 EHEPFIICH
(FHEDMEAELT. BETREIRILF-HSREL
TEBNVKERZAVWZEHEOHEN THONTLSAH
REVKRA V7 TDRBIZIFMEOIREZET 2 &
HNEZESNS, ZO—ATBETESEHEATH SO
IRU7ZCO TRESNZERMKHE. BEFD1>T7 5
ZRWEHENTTEETH D .. FROCNGMREE LT
HFESNTLaH., eI NIREND S8
(CCNBAREE RICIFFEHIMIMND EEZ SN TS,
COEHBEATREIRILF—NERLUECNASE S
2FE TCOMICHIHESNRIFBCOMHHBEEZUL\HZ
MWZBHMNEETH S,

AR DEFOREZLLEZZEAEIFT. BERH
PHGER. BEHEGE. SDEKICEDETED
BERBIRTBZENEETH B, ZZT. LCA(Life
Cycle Assessment)DERR Tld. AMAEEIZENNIRE
LBAEDOCOHIHEF. ETFICHIEHINSCO:

NREZEHTNDZ6H. EERRE TOEDZEDME
ENEEEEZISNS,

1. EEERERSDOET2ATI)ERNRE
ULEEBmAETE—RICH TR ENEEEZ. T
HA1I0KWI EIZEIBL TRLTWS, Hitdmc (S8R
ElERE1,600rpm(ZH F B RERDBBN G T+ —
IWIVIVDERBIEREHEBTRRLTWVS, XK
DIV DEREEMEIET0—-80kWIETHEIRL T
HD EAEEDBVWRGEEELESHEVL EA DM,
Z2T. ARICRIBZOD T DL SICEFERE
HEERWKREGHIREZEDED ZEMNTENF.
B55COHMIBMNAIETH D EEZS5ND, £ TAH
AR TIE. NEEBEDOEBEAROCOHHEZHIE
I B8, 10kW—30kWDEH B TaMERBEIEH
KIRITHATTMDIREZEIT O
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Typical diesel engine

Target concept (Engine speed =1600rpm)

20
Light duty trucks (T2)

3.5t << GVW=7.5t
1.5t<PL=2t

Frequency distribution (%)
Brake Thermal Efficiency (%)
W
=}

o o
73
ngine power (kW)

o 09 90 90 9 O
= N A F P DR
¢ 2 ?E [

~~100
~110

M1 NEBREICHTBHAEEEHMEDORR

RICEFMEDBRIEEZRT . RAMLIT ERS
ValEN /J\iﬁﬁﬁifﬂ)ﬂﬁﬁ’éumL/%*L%PI’L375Nm
QOKkWE LTzo HEEARIFTRM28F T « —CILEEE
A ZXRHEE U MFOEES (32025 FESHM
BEEM10%BOREE L,

&1 FHMROEFRE
375Nm / 90kW

Max. Torque/Power

Emissions regulations | Japan’'s post-Post New Long-Term
emissions regulations

Fuel economy
standards

Exceeding 10% improving for 2025
fuel economy standards

KIETE. ORTIVIVETIVEZENRELZE
HAEDLEEIZAL—23arETL., BoEaERN
CHEVWTEENRNEBEESNDIIVI VI ATLADHEE
EAETOBEEERLUELZ, Z2LT. IS0
RIZEDVWTHEBELEZTTAOMI VI DIC L2 REMRET
BRICOVLWTHET %,

2 I>¥varvteJhk

21 0RTTI VI VETIVEE

IIOBMERRETF. ./T\ IR DE EE
BEEEBXERNDEELDH . IRBWROELED
=82, [EHELEDIBINYE éﬁ@m&)ét\ SENEL
DERBANEMUERBNRNA B ET S EFES
EWDO, EH(CHFEETEZI VI DERRIMOMEHS
BHOEOHRNL S KREMNEDOME L & EIRIBADIER
AWMLY AEMOBFEDEEZREIT ZENREL
FO T3, CDOLDGERBAICHLTIF. T>I>D
BETTILEFERLUEREIDNNRNTH D, CDEE
BERZFHMCERLEZETILTIK. ZaL—>3 >
(B ARGETEREEZET 2 HICIHRENTHD. &
METIEUZILIA LAIDEVWETERE CHHBNSHEE
([CT> D HREFRIA A RELORTTET ILEBR L,

AR THEARAITB0RTI I ETIVIE. BT
TIb. HARBET IV, BEEXRETILTER SN,
MIRTETIVEZEZSOICLDRARSNZRRHBCED
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<ORTVYILFY —=FTILHIDECS (Hiroshima
University Diesel Engine Combustion Simulation)
ZNR—R (2, BRSHEBXREEARSN RSN
BRETIVYZEFRE LT,

BAERFESADAIARBETIVIE. EFRERED
BROBMNELTHRWL., HAREZEH LEZ. ZDEE.
BIREAD. A>T YRR, Y—EVMER, 1245
I —IRIFANREE L. BBEHROXASO> T
Lyt &y —EVRIBEOREEZEE LT, IT>IY
BANDIRRJUBERU I VHIRENZELH U,

IV VDOEEERIE. BEEBHFOREVWERICD
WTEFIEL. BELTEHLE, BEANMNREKX
EVWER M UEBE. RIFAEBZEIREL T.ESCOOHR
ZSE(C. GARCEMENAIASEHULEEX N AN
NEIASYIA—REBANEB L. RAOEEEMNER ~
)Yy NIADBELTEBAEER Lz, U
S UUMRBENIIZEESERNEBEEREL TEH L.
AR, MR, MBOEER> T OB IFBEFH
BORBRBEREIOFECETILEBELTELE L

ORTTIVIVETIVICLBIRETREEDHESRDT=6.
NBEEREBECFERSNTLWARRXRI Y Y
(Conventional)\DEERT—4% EEtEREEZLER Uz,
T2 R795.4mm. A FA—27104.9mmDE
HARET 1 —EBILIVTI > THS,.

FE24Al&. BEBEEREORTI VI VETIVIZED
FALEBMRREYY TZRLTHED., RBFEREER
FORENEBESNTVWBRZ EEMEABLEZ. B2G4IIC
[F. S THESNEBRREY Y S EBIRT ZEME
TRUBEEMRESFNE OIS LYZBVTELLE
EEHMEBOENEZRT . BHAETE— K. M
METE-RRUEEHOESERE DS ERR(FER
BRELBRU T1%RBDIRETH D AR TERT
B0RTETIVOFARBEF+0 SR L7z,

Fuel flow rate (L/h) map

450
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Relative fuel consumption
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Engine speed (rpm)

Urban Highway Average
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2.2 BLEtE RN

MRBNKREBBEBRONL—RFTZ2HETSHT
VIUVIATLADRRICIF. ZENZRBELLY T NDT
7ELT. NBDERETRIEY — )L THBHESTECO/E
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Genetic Algorithm 1) ZER L. 118 72 D OfEF
#}z140. ELERLBESOEMR. 57,0000 > >
SRTLDEEZERIT U, BRBHIE. RRExNE
ZRAEL. BEBERZERNCETHZENREETE
ZRMEL T,

R2(2. BILETED/INTA—FERT, KIZIF.
WMRXIVIVOERGEBHEBTRUEZ. HEEGRRE
1,600rpm. BJLZ130NmIE. BRI S2EHMAETZ
BWESBEODRRNGHEBEGZRETHS, D&
EORANF22kWELED . SNZEE Lz F FHEIE
BRED/N\TA—FEL. MULIRRBEHRE Uz,
REFNEBRENOEHLEZERLRESEZ
19L-52LE LTR4ASB T —CEILIVIVZR8E
L. R7. bO—=2. 2Oy RRE. EfEtk. &
VU v TR EXRNVEZ. RRED. BHY
1=27. BHREAZEHE Uz, . WINoEt
BEOYTLYBMRES-EVHREFEESE
70%. A >5 0 —Z8FKIFI0%ICEZE LTz,

&2 mBILEE/INSA—F

parameters
conventional | Lower | Upper Total
bound | bound number
of values
Engine speed (rpm) 1600 800 3600 141
Torque (Nm) 130 57 257 141
Bore (mm) 95 80 115 19
Stroke (mm) 105 94 125 17
Connecting rod length (mm) 165 138 198 19
Compression ratio 17.3 14 26 13
Crank diameter (mm) 70 52 82 16
Piston weight (kg) 21 1.6 35 20
Intake pressure (kPa abs.) 140 101 232 27
Injection timing (deg.ATDC*) -2.5 -15 15 31
Injection pressure (MPa) 140 80 150 15

* 1 deg ATDC(LZE#4#FE : degrees After Top Dead Center)

2.3 RBLEERR

SRR ERSICRY . BI3ZMIE. el EEERIE k.,
M CRRENREN O TRELUERERTH S, — &
(2. FL—RFITBERICHZ2BEHOLENREILETT
Si56. BMNBHERFICHLIH—RIFETSNGEN
. fL—RFTDEETHB/\L—bBREKRDD
ZETEB, RETERRICEVWTE. /\L— ~EHIR
NTEDH. COS>ERENGHRZIET AT
~EFFRL. AMTDERIBES(ID) TR UE. ZDOESIE
EBEO7ILOUXLICEDEEIERIC LA > TR
BEINTHED., BHFARZTVIFEHCERBKEIEZT
WBZEERBERT 5, MAICIF. RERIVTVETD
SEMELRRLE, R&ED, Q7 hIVIVE
REERI>IVCH LT, BEBROKE & RREE
AEELTuWdZ EADA DT,

R3A1AEIL. #EEHZBSNO(EEKRE S - BEEH DD
—BILEBRDEE : Brake Specific NO). #it#h (2 ELK
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BNWERZN O TEEBUEERTH S, RRIVI VIS
XU TV NI VI VDERBMEFEELTL
BZENDMB, 272 UNODHEHEFEML TEHD.
HHRARBEIZ(F. De-NOxBIEDBR (IR AL TS
ZENREENT,
RICEFIVETRIVIODETERT . HER
BICEBITBDE. 44L-5.2LA8IRsNnTHD. 5t
BERHTRELLELERMAE LG STz, RIEAF
101kPa—112kPaTdh O . BARKFHTEMILT S
AREMNRBENZ. V502 v T MMRERELE
TREGD, EXRVEEICDVWTERIDT.6kgF
TEEIISZIENMNBERESNTWVS., EMELL(E
18:1=25:1ThH. RRI VIV ELBKITBETE
MELRAIABIRSNTWLWB Z EhDh o1,

e concept
e conventional

6452
el |
® conventional
i 3747 \454ﬁk /%787
3436\5"0 l 2 l
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o
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5066
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Indicated thermal efficiency (%)

5 10 15 20
BSNO (g/kWh)

M3 =E{LHERR

3
Friction loss (kW)

®£3 At bI T UETRT

D e 8 sr e i e s e |
980 1060 1000 860 920 1020 1020 940 880
212 196 207 241 225 203 203 220 235
13 115 115 115 115 115 115 115 115
121 106 106 123 121 119 125 125 113
196 199 199 199 199 199 199 199 199
49 44 44 51 50 50 52 52 47

B > 2 3 21 23 21 21 18 20
Crank diameter (mm) 52 52 52 52 52 52 52 52 52

Piston weight (kg) 16 27 27 18 16 19 23 24 28

[NIELCHJCEETICR(GEERE AR 101 101 101 101 101 101 101 12 107
Injection timing (- ATDC) [l 0 0 2 2 0 0 -1 1
Injection pressure (MPa) [EPEEEE:I] 80 110 125 150 85 90 105

WRERXIDEDDETITRNIVIVDEVEER
IE5H. RBILGTEHLNSRBRSNAHLGELES
[EMEELILDBRICEB L T, ORTETILVEZEABULTE
MEtEEEMUE, BINFtEICAWEI I VERTE
RAICTRT ., SHESFMHF(F. HEEEEET,600rpm. &
JLZ130NmE L7z, BHFSRE TCHRNEIBREN
3.0EGBLDCBMHEZRELTCHD . EHRE
MREWVWSLTIFERRIEFNH EGD>TWVS, BHY
1= EEBHENDFENZEN-4° ATDC. 130MPa
CEZE L7z,
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&4 EEFH
Cylinder Number (-) | 4 4 4 4 4 4

Displacement (L) 20 | 25 |30 | 35|40 | 50
Bore (mm) 85 90 95 | 100 | 105 | 115

Stroke (mm) 89 98 | 105 | 111 | 115 | 121

R4(Z(F. B8 (ML, MEMCHIIEEN> T,
Pmax(BA&E/E/: Maximum Cylinder Pressure).
AAEK. ISFC(RRMARIEER Indicated Specific
Fuel Consumption). ¥ —EHOHKEEZEEL
ERRERT, FEMRIDIVELUTHREILDHE
TTE. SLAEYOHIREL LTCOYE NIV ONS
RENGIDDETZRFICTOY U,

5066

Pmax (bar 50636757 Coolingloss (J 3757
55 s 55 s
e o~
5.0 5.0F -
/ g 200
T 45 10 4787 J 457 ay87
E40F 7 80 / £ 401
E / 100 E 210
% 351 "conventiofial / 5 3.5 220 240
S o SR — | 8] 220 -
g / 10 & 7" conventiefial 25(‘2‘;m s
0251 160 T 025k / -
oy 27 -
2_0,//f:’/i:l 200" a0l ey
L e L ir} [ R S I N T
15 16 17 18 19 20 21 22 23 24 25 15 16 17 18 19 20 21 22 23 24 25
Compression ratio Compression ratio 5066
ISFC (g/kWh) 5066 575 ISFCmin. Turbo out gas temp (°C 3757
5.5 5.5
v 1-/ o
50 ~ ~j,1\/ 50 - /!<
F45F, 7P5-\__11‘E/ o 45F 240 /iw’
= » =
£a40F = £ 4,0—;/‘]—220‘;___,
5 -] 2 200
5 a5 AT8 5 s — 10—
L L 160
& 3.0 nventional & 3.0 Wal /
o 25 - e 2sp 140
zro-uﬂ}o/ 2,0-—”"’__7_/{—*—120J
L e
15 16 17 18 19 20 21 22 23 24 25 15 16 17 18 19 20 21 22 23 24 25

Compression ratio Compression ratio

M4 ERELLEHRENBSRHMECRETZE

M&ED. REKRIT>ITREMLESHTIHE. Pmax
RUOBHEROEME . HIRBEMETL VWS Z &
HohD ., BREEHDESORBEER UCIERHE
5Nz ZNIZWL T, HIREZAELEODET
RI>IIFE. BEftEBAHFEDE TEPmMaxIEiE
RIVIVATELGD., FRABHMEBELRELHEDEML
T, BEMERICEZ BFEF. BAEDDETEMR
BEDS/VERERE/B)LLDETHAEEL WS Z &
NEZS5MN%, 22T, TDC(L3ES : Top Dead
CentenBF(CHIFBS/NVEIFE., KT >N
3.94cm?/cm’ TH BN HIRE—ED T FEMELZ 21
FTEOHIIHFEIFL.75cmY/ cmiE75D 20%BINT B,
LAY/ IV UMY OHRESLE
TEMULEBEEIERBEZ21IEFTaNHTH
3.87cm?/cmi&E7ED | BIEMELLALIC LB IRIRERTER
W KBS/VEEDBINZE RKRT7ILICE > THHI TS 2
EMNTEZ, INSDOMRICEDT. HEEXKIFHF
DBINE T, ISFCARNEGDDIE. EfELL22. HER
E5LTH . HBLEETREHSsNEZO>E T~
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DUOHETIAWC ENBER SNz, FY-EY
TOHRIIXRILF—ERENRD T 2728, HEREE
BTEIMHEND, COIZEIFRUBEBEDMEEZE
BHdZeENTEEED. I3 TRLEIIVFPD
ENODIBINZEBUIBEB EHAEDETHIGTES
eI RSNz, BEHAXDOBEEMEICDWLTIE,
242D PR A X BIEICX T 2485 (2 TERBET %,

RIZOART - AAO—TDREICDODVWTER L,
AETRIVIVORT I, HERETRELEL
BRD115mmAL GBIRENTHD. ZDOFEE(ZDL
TORFTIVIVETIVEBUWEEBMEEIC KD MR
L7z BtEZMAF(F1,600rpm. RILZ130NmE L. £
MLLERT ZINTA—FE LTz, BRLDIZHITHEE
K[EFSLTEE L ZBARSIFESE L. FRART7ZEIC
BUTRMO—UESZZEE LT,

5[ (. HEEh(CEMELL. MEICR7EROZA NO—
JRZE>T. ISFC. BENEKR. FMEP(BEEFIIBR)
JE£73:Friction Mean Effective Pressure). BSFC(IERK
HARHE X Brake Specific Fuel Consumption)Zat
BULERRZRT,.

ISEC (g/kWh Coolingloss (J
110 120F MO0 120F
121 116F . 121 1151
g/ I
1mop = 73 110
E | E10s g €| Eios g 5
E |E * £ |E S
$1507‘.,:,1007 ISFC min. ;1607‘,,:,1007
o S N o o
& m 95 z & m 95F =
5 &
200 90 /,>\ 200 90 Y /
g5 ™ s5| Ve ¥
om0l gl v 5ol gl 10
15 16 17 18 19 20 21 22 23 24 25 15 16 17 18 19 20 21 22 23 24 25
Compression ratio Compression ratio
EMEP (kPa BSFC (g/kWh
10 F 10 =
120 120 BSFC min,
121~ 115} 121~ 115} -
o ———— % 110} \gw
E |lgigsf ————8—TF |F 05
EEwp ———— ®JE E%f =
= 160[" 100f @ 60P 100F e
:8 . ae— R | 230—]
& |8 sf —————— B |8 e T—pm—————
? — =Y ? “3qs— 240
200 90} — 115 120 — 200~ 90 ;‘:_:250:2
g5l —/——— " =730 g5l T——pps W0————
\\\\\\\\\\\\\\\\\\
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Compression ratio

M5 HEMEEER7ENSHUECRETZE

Compression ratio

AETERHEOHERETF. AR7 - >3-~ ~O—7
EEEMBELBIOBAFEDEDANISFCIEIHRET Z1E
BzRUE, BEHBEXRICEETSE. EMtkA E <&
B3FEBMT B0, B—EMELERETIE. R - X~
A—7DEWVCKIZBIERDEIFNE, TITH
EFILOBMER(IZRDI(1). R(2)ZEALTLSA,

h = 0.013mD~%2p08T-0.53,,,0.8 1)
= 2280, +n ¢ )
e PTY N2 @)

ZZT. hIFBMEER, DIFMT7E. PIFEA. TIE
mE. Cm(FERXSFIGRE. JQ/dt (FRFEER,
T1. P1. VI FIRK[ARAARBORE. N, 41&. m
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RUnFETFIVEHTH D, —®IC3I—FANA—
J4blE. RIREDS/VELAIBINT 5 7= b B R HYE N
IHM. AEHETIF. 3 —rAMA—TICKBZFE
HEXA N REDERAEBMGERZR TS BZOH L
EZZ 5M5.BSFCHRNEGBEETTIE R7Z115mm,
EfELL21THDO. BT hIT I DETIAEIC

552 ENBRERINL, ISFCARNEGDHETE
BHCEGDDIF. BEEBROFETHD. FEEIEX
FARRT 23—~ A—JICHE>TRLTEZ
EMRENTVWS, BEFAIE. BAECEEDHS
BHLULEEXR N BIANER N X D= KITHHB
CIRELTEREBBREZALTVWSZS. 23—k
ARA—JHICHESEI N REDBETICED TE
BONRD LIz TH S,

MEDLSIC. AEEKRTCRESNLEZODET~
(F. RIRFEBICRDARBFREBLERE LT, REKERRE
BRN R EE Th > TemEMELILIZ KB Pmax LR %5
FIBREMEWS T AUY FEHRELT. BEZXK
ETEBZEN DA,

2.4 A7 IO BERERET

2.4.1 MEBEICXT S5
23HTCRREREREE EIC. OV T NEFIRT D
EIVI VARV I ERVWTAAEBZEDEEATEES
ZRET L7z, RECHBIZETTEZRT . /R7115mm. R
FE—2115mm. HIRE848LOT 1 —CILIT>I>
THd. EMEELIF20:1& L. B EEGREREIELT
WB, FEERXR N VEBERRERI VIV EA—E UL
TS50 v 7 EMEmE LTz,

RS IVIVETR

Conventional | Concept
Engine type Inline 4 cylinders DI diesel
Bore x Stroke (mm) 95 x 105 15 x 115
Displacement (L) 3.0 4.8
Compression ratio 17.3:1 20:1
Intake system “;ri::biﬁf::;jg;:r Natural aspiration
EGR system Cooled EGR Less
Piston weight (kg/cyl) 1.6 1.6
Crank Jot:m;l)dlameter 63 52

R6(Z. HESEERE1,600rpmEHFDORTETIL
(CXBAVETRIVITERKRI T DIEKREED
EDURERT . R6AZRIDIEH (FIERFIHIEMED
(Brake Mean Effective Pressure : BMEP). &fil( ~
WO TEEBLURZ, AVETRI VI VORMEF.
BMEP400kPaDEPH BRI T6% M LT B & FHHliE
Nz, BRKIDEZS. BEFFESBREEIET
I B7=5HIZBMEP 1,000kPalA L TldFH AN FEE LA
WREREG-7H. COHRETORILZIE380Nm
THD. KAEEZEDLEFHFEFERT 5.
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Concept Concept

Conventional

Conventional

Brake Thermal Efficiency (%)

d o]
0 200 400 600 800 1000 1200 O 100 200 300 400 500
BMEP (kPa) Torque (Nm)

M6 ERBMEOIZIL—3VHER

H7(2. ORTETIVEAWCEELEZOYET T
VIUVERKRIVIVDBSFCVY Y TERT . HEE(E
HEBCENRE . Mtdh(FH D TEIB U2, FRR6(IRT
EMETEEEEMRESFNETOVSLVERVTCES
BHREZHEL. TOOBEMAETE— ~EHHE
ETE-ROIRIEOETRE/AY ML, O
TTIVIDDBSFCIEMERT VI EDEL.
BB HMEEDRCHEITL VS, 2. 2T
ThIVIVOESEREDAERRIE. ART>Y
VIZX U TO%IE. 2025FEEE(C L TFE11.1%
HEETD. AARBEEERT B EHA=NT,

Conventional Concept engine
140 - 140

BSFC (g/kWh) | © : Urban BSFC (g/kWh) | O : Urban
120k =280 + : Highway 120 =280 + : Highway

100 100 I130 Target max power

80~ 801

60 - 60

Power (kW)

4ot

40t

201

0 m— oLod
500 1000 1500 2000 2500 3000500 1000 1500 2000 2500 3000
Engine speed (rpm) Engine speed (rpm)

H7 ERBHEERYYIOIZaL—23>HER

&6 EWMFET/INTA—Y

Category of vehicle fuel economy T2
1st 5.979
2nd 3.434
3rd 2.040
Gear ratio 4th 1.379
5th 1.000
6th 0.708
Final 4.100

2.4.2 HEE A ZBREIZWT B85

AT I VIV EBUIBREEHAFEDE TR
DHEE A R MREZ ST L7z, HIRBUBEBE S LT,
BMRERTE—®&NE. DOC(T v« — /LB LA
#:Diesel Oxidation Catalyst). DPF(7 1 — )Lk
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Fi#i&E 7 1 )L% :Diesel Particulate Filter). [REESCR(&
IR BY A8 48 3= T 5% :Selective Catalyst Reduction).
ASC(7 > EZ7 X'Jw 7B Ammonia Slip
Catalyst)z @A LTz, s (F. BN SERRMEFE T
HEBE A M BEDF RN T BEGE T IV ER— (2,
HRECMERSEOREZERYRELZ1RITETIV
ZEA L. ERESFICF. ORTETIVTEESNE
NO. IV VHOHKERE. HFAXREZS5Z . &
MEYTlE. BESRY 1 7 I)LWHTC(World-wide
Harmonized Transient Cycle)&xi® & LT, HENE
ZERT BLHOMBEREDREERML 2.

H8(Z(F. E—AESERMET TCOWHTCOSREA
BE—RICHFBRI>IEQADETRTIODY
DSCRAOARBEE, ERIVIVEDREEZR
9. E—REBNSOADET NI UOSCRAOA
ZREIFE <. BAEELICEIMNRFBERHETE
BonsdZEhbnor,

£ 5000 5 o i ‘A b
Be ooty s Ny

| Ry | | U

400

m | " L H ‘h Al 200

T ¥
I A,

400 -200
3

Torque (Nm)

00 Concept /

{
d

Exhaust temperature
at SCRinlet (deg.C)
n
o
54

P

Conventional

o

150
100

/ A-F 50
/ \ Lo

e [

-50
0 200 400 600 800 1000 1200 1400 1600 1800
Time (sec)

Temperature
difference (deg.C)

M8 WHTCSHMEE—FDIZaL -3 iR

E9(Z(F. SCREENMEBEBBEDNOXHFHE TR
FIHEZDOCEDPFOASIBEE/\TA—-FEL
CEIELERRZTRI. DOC. DPFOBEA /NS
SCREENKEVIFENOXHHEFMET T 5 &5
SNz, SNFDOCEDPFORBENME T I H728(
TROSCREEN EFRT 2 EE . SCREEDEMIE.
RN CE T DHN ZDRBEBAR <& 0DEEERD
BLETBHTHD. FEREID. DOCEDPFOEEt
BEZ4L. SCREEZ14ALUALEET B ETCEEZE
RT3 EADND ., EGREALT [CRERDENIEE
BB CHEH A AR (CBE TE SN RES N,

_68_

20
= 1.8 r
= 16 |
= i —— DOC+DPF 15L
5 1.4
<12 | DOC+DPF 11L
Q 10 | —— DOC+DPF 8L
508 ¢ —— DOC+DPF 6L
o 06 —+— DOC+DPF 4L
[=%
o 0.4 T e Target

02 |

0.0

0 2 4 6 8 10 12 14 16 18 20
SCR volume (L)

M9 WHTCE— FOBEHONOXEERKR
3 SREREIRER

3.1 MERI>IV VAT A

YZalb—yarvogRCEILWTCOYETI NI
VIVIRTLEBRELURL, H10CERANE. K11
[CBAIBS R T LB ZE RS AREIA T > > E T,
24B TREILIZESDRSICRINSZH. AHRT
FT2EEOER M EIDSVIVDRRIEFRRL T
HFS5T EHMAICBVWEIVIODER N VEEEY D
VU2 T RRIFENEN. 2.13kg/cyll ¢ 82mm
THd, BUNBEE(L. 248DRERICETI=. DOC
B[E1.2L. DPDEE2.6L. SCREE14.6L. ASCERE
(F3.7L=ERB L7z,

Air cleaner
Intake
manifold

DDSIng module
OOOO Joos oer

Exhaust
manifold

10 I2I2VIRTLIEBRE

i’//

-'9'-

Dosing module

M11 FHBAERLED T L
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3.2 HAORESRTER

M12(2lE. A>T I EBULWTERANLY,
S, PmaxDT7—9ZBE LERZRT . A
EEHELBEMRE(E. Pmax9.5MPalA T TERT D
ENR N,

Target ?rque - arget 195
50F AT T AT Cprnnnnen] 90

Y |85
180
175
170
165
160
155
150
145
140
135
130

B
[=)
o

Torgue [Nm]
N W W
o
(=]

200

Power [kW]

= =

Pmax (MPa)
ok O 0 O N =

25
0 1000 1500 2000 2500 3000
Egine speed (rpm)

12 a>EJTRIVIVO2AEHHRER

R13(CE BB LEZIYE T I I OEKRR
RTF—H%&E RERIVIVEDEHDELTRT, OV
T RITIE10kW = 30kWD BB B e $818 T
1% —2%ptA L LTLS Z ENDA DT, M14121FEY
BUEBRKEEET -9 ER6IRIEMETZAL
(EEEMEZEH UEERZ. 2025FEE25RE
HEMBICWITIHERE L TRULEREEBEE(E5%
WEL. BAEEIECEZ R TAOERE . BEME
Ebiblc KB RBEMNE SNz, BIZEMKICAEIF725%55%
DHEF, =L —a>TCREESNTUVWSEERE
KDIERIZMDBAEDOE THINT B, RETFER(FEE
2 THET 5,

O 1 Il Il Il J
500 1000 1500 2000 2500 3000
Engine Speed (rpm)

M13 At hIVIOEMERREDNR
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5 12%

a

§ 10% Target

g

3 8% f

©

£ 6%

o ' High comp. ratio

& 4o L I

E (4

g «—— Natural aspiration

g 2% -

a 3

E ~x—— Base engine
0%

measured

M14 ESEREBOLEMHR

simulation

3.3 HEH A REHBRRER

T+ —CIIEEEHFE T AEBRZEER L7z, SR (.
BESARY A VIWHITCEEESHRBRY 17 UL
WHSC(World- wide Harmonized Steady-state Cycle)
ZEhE L. BERAXREDOEHAIZ., ESRIEMEI >
DA XD MEHMEXA-1600DEGR)ZERB L. &
FE(FAVLE A /N A =5 (AVLA39)Z AR L TEHAIL
z

K15(Z[FWHTC coldE— RIZHIFHSCRAOHA R
BE.JOYETRIDIVERRKRI>I Y EDOSCRAO
HZBEZ. T>Y>YHO(engine out)&BAEHO
(pipe out) DIEENOXHIHEZRT . E— BN S
800secfhEExT. I ET~I TV DSCRAOH R
BEANSVL EAERSEN. 1XTZaL—2320
RREBR LU, ¥, T— FB%A400sectTiA TSCR
([CEBNOXRILH HEET 2IRECENEL. ZOFEH
Spipe out NOxIHMERT B Z ENBER =N Tz,

&
8

i;g 300 FI
52200 v
25 10
£e ﬁ
o 100 5,2
) . ™
VN AR 82
28
i Sra ES
: 100 T £
5
80 —
5 « Engine: out
:
) ® o F’Ipe Bt
F T 8 ardiae: \‘
0

200 400 600 800 1000 1200 1400 1600 1800
Time (sec)

M15 WHTCHE®REE— FEBRER
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B16(%. BHHT XD ZENOXHFH 8 Z 1 (CH D
TEBUEHRZRT . 2 COREAXEFEM28FHF
HAXRENEAT (BB TESD I EA RSN,

0.02
g +WHTC
Target
Z 0.01 g +WHSC
=
g
®» 0.00 L
3.0
Target =
20 =
=
2
1.0 Py
O
s “ L I ! L L 0.0
_. 024
< Target
= g
= 0.16
2
G 0.08 |
T
F p.00 L 1 ‘_’ L I L L 1
0 0102 0304050607 0809 1
NOX (g/KWh)

16 dAETRIZIOWHDCHEBER

UEDRER., DT FIVIOEBHBEROEN
OB EEHHEARBEHZHERBTE. ORTETEIC
FOoTRESNAEO T OB ERSR L. &
>t 7 IR EDBIE{L(Right-Sizing) LD %
FIBEO CELRIMDBHEDE TRBEAEGS X T L
Thd. KfgltziERsE LEERBMORBEILD
PRI BRET s —CILIIVICEVTERES
nTLaHe, NEERERT r —EILI>VIVICH
WTEBMTHBZEN DA DT,

4 FEH

(1) NEEAEBEENRIC.ORTETILESERNREL
ZEA L. FREENS VLIS BRREICH LT,
RRBMWENRA. BEREBINRNEGDZI VY
VIRTLADREREEE LU, FOHKE. /KT
DIVIEERUTRENRET 5 R TLDEET
B2 ENDHM DT,

(2) RBfESNEIVIVIFE. KERE. BRAKS. &
[EfELL. BEBEREMNICL>TEBRENTLS
ZEMDM O, INESDEMDMBAEDE (.
BEMELIC LB Pmax LR CEEMEL(C KB 5H]
BEREMEWSEREZHRRLUIZHEAEDETH
B2 END DT,

(3) REETIVERWEEEICELD  BUIELEBE =
HEDELHEA R EEEZREILFER. EGRZ
BUSUNOxEIEENMNZWVWI T ATI VDY
TH. EROBUIBLEBK THESXBEZE
BTEBZZEN D>,
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(4) HIRE48LT7r —EILI I ER—-X(Z. 1B
BEEEGRZREIEL., EMLEZ20& LETI VY0 %
SEL. BUEBI T LEZEH L CALERESE
L. ZDFER. RANILI375Nm. it
90kW?%. Pmax9.5MPalA ™ TER, L. BoET
DEMREREL VWD EEHER LI, FRF
28 FHH A ZAMEFNEICEE Uz,

5 &HHDIZ

RIAFZDERIERITIC(E. BT SHRATADBEK
BREK. EFREAEBROHBAHICEDITONEZEI EZE
L. SZICRHOEZRT,

AR EIFEBERMRFMIEVl.55. No. 3I218HEH =
NEBXEMEEBELEZEDTH S,

SE Xk
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Right-Sizing Concept for Improving Thermal Efficiency of Diesel Engine at Partial Load (Second Report)
- Demonstration of Concept by Simultaneous Improvement in Indicated Thermal Efficiency and Friction Loss -

B MIL* all Bt

Kazuhiro Enoki Naoya Ishikawa

Bk o)l 83

Hikaru Ito Takayuki Furukawa

Aig BE*

Nobumasa Ohashi

Z B

E—RCTIVNEBERAEOHOPEHDOBNEZLEIT SEBRARIOAHIEMI T ERE L. AH T,
AIDVIVICERI MBIV ETREB/T U I VRMZERFEL. BOBFREICESV TRV E S DRREX
ENMEoNd I EZmRB LT,

Abstract

In the first report, right-sizing concept was proposed. Essence of the proposed concept is a naturally aspirated
engine eliminating EGR. Also, this concept obtains low density in-cylinder condition and low Pmax operation. In
this report, the combustion parameters were optimized under low density condition in-cylinder using 3-D
simulation. Furthermore, friction reduction technologies were developed based on advantage of low Pmax. As the
results, the prototype engine with combining all technologies demonstrated that the maximum thermal efficiency

can be obtained as intended at partial load.

1 [FUSIZ

CN(A—HR>=Za1—kZJ)L: Carbon Neutral)tt
2DOFERBICHAIFTT. BBEDOE R PCNRARN DA
IhnTVBH. IS+ > 7 FBEICIFMEILDE
BMAMDBEEZSNTWVWD, CDEHBETET
KNWF—DERUECNUAEEGLD T TOBICHEH
SNHITFBCOMHEBEEZVNICHZIBZIHNDEE
Tdh . LCA(Life cycle Assessment)DELR T,
ERAERANREEBOCOHEEIF. ETEICHES
NBCONKFEELHD B 6. EERAREOHEME
DAENEE LGS,

AR TIE. NEEEBEOERFERFOCOHILEZ
HIR T 2726, EAEEENBVLLBRHERGE TEIME
BEIEARIRT AT VIOV NERETBZIEE
BRELTWS, B—HTIF. ORTI>IETIL
CZENRBECZBER L. EREEN BV BERE
HIZHEWT. RREMEMNTEA. BEEBRIINTRNNESE
BIVIVIRTLOBRRZERLUIZ. TORRE. 1€
RIVIVIZH UL TRENRET B ATLNRES
Nz, TNEFARFRE. BARK. SEMELL. KEE
BEREMICE>TBRSNTED. /KRB THO

BEMEILIC KB Pmax(BREBEAE I Maximum
Cylinder Pressure) EF ¥ niIERIBINZBRAT 1%
MOBEHFEDE TR NTVWB I ED DD o, K
RETICETVWTEME U EMREIGER TIF. R1(ISR
TAMEDOBERZIZH LT, Pmax9.5MPalA T CE2E
BMEERTIBETH D & FR28FEHE A XARH
BETEDZEEHR UL MABEEIE. 2025FE
EEEMBEEELLI0%BOHEEVSBEECHLT
S%WELEHR LTz, BIEERICIFHZRD5%DREN
BELGEDOTWLS,

AETIE. AT RIVIORBREEND -
H. KFGEBERARE I VIV ICHAEHLEZBED
DT EOBEEEPmaxiFEEFANALEETD D
SAVEMOREET >R, INSOEMZEBERLE
AET IV VICEBREERICDOVTHRET .

* LT SRR
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x®1 FHRAROERE
375 Nm / 90 kW

Emissions regulations | Japan’s post-Post New Long-Term
emissions regulations

Max. Torque/Power

Fuel economy standards | Exceeding 10 % improving for 2025
fuel economy standards

2 IVIZvaAvEIJhbomERET 7O-—F

R1COA>ET IV VOBRRZE. R2(CT>D
VETLERY . RICIFNEEAECERAINTLSHR
X574 —tILI > (Conventiona|DETERL
oo AVETRIVIVIF I VI VAZTNR—R(THESE
L. B## & EGR(HE R B & IR :Exhaust Gas
Recirculation)ZBElE L. [E#EEL20:1 & LTW B, 1R
IVIVEDHREZRELLEZEICED., F595B
MEDIFHET L. PmaxlFMEL G5,

Air cleaner
Intake
manifold

R Dosing module
OOOO Jose o

SCR ASC

manifold

M1 I2IVIRTLEBAE

K2 IVIVER

. Inline 4 cylinders DI diesel
Engine type - -
Conventional EngineA Concept
Bore x Stroke (mm) 95.4 x 104.9 115 x 115 115 x 115
Displacement (cma) 2,999 4,778 4,778
Compression ratio 17.3:1 16.5:1 20:1
Air charging system Turbocharged - Natural
ging sy: with intercooler aspiration
EGR system Cooled EGR — Less
Main journal diameter (mm) 70 82 60
Crankpin diameter (mm) 63 73 55
Relative weight of piston 1 1.26 0.76
Relative_total tgnsion 1 1.89 0.98
of piston ring

H2(Z(F. MERXEICEIFTZERDBEARMNERT .
TRERNER L(CIFE. EX Y EES/ Z)VEHRITE
AEKERZE>TEMEI> T M EREFT Lz, BE
BRIERIE. EPmaxiFitZmn LT BEE2LER M2,
BRAER ) 2 JZRA Ul E KRR (&,
DF=IIRTEAFAIIRTHEEZRELZ. &
S0 7002 3UERICIE. TRAKBEEDERZIE >
TR 5> 02w 7 hORETERME LT,

_72_

Piston

- New combustion concept
- Lightweight piston

Piston rings

- Low tension

—— | Water pump & Qil pump
= | - Flow reduction

Crank system
- Thin crank shaft

M2 Ot 7hI>I>OREI
3 AMIRWERMORRE

3.1 M7 SORRE

3.1.1 BEBIRIC KL BRE

T4 —EIVBBEOBEEREER T 728 (2. Bk
ERREES /) JIVDRRZERET U, IBAHELER
[CLBDRRBENEF. BEBEERNZNH TS
HMROEZEZ SNBHCC KT I (E BERMEL
EXrOBRICEDFBTE SMBEZERNDZEEAR
ESND, BlZ. BRRIDEZOHFEIBENE CIE
FEHMONEMUBERBOREERTI—(CHEDDT
W&, ZDE DR T BEAHERIER & IBFEADARY
—fLEREIT BHIC. NEFAEZE/ )L EROEBRGE
EDHAEDEZERET LT, BRETIZIE. IRTTEIEREAT
Z B W7k, & &I I[F Converge Science #t M
CFD(Computational Fluid Dynamics) 31—k
CONVERGEZRA Wz, RIICHEABLEZMEETILE
Y. STERF(IMAIES /) XIVEATOET Y —
FRERE LTz,

x®3 YZaL—-23a>ETI

Combustion CTC model
Turbulence k-£ model
Drop breakup KH-RT model
Ignition Shell model
Soot Two-step Hiroyasu-NSU

R4AIZ, SHEFETZERT . R7115mm. A A—7
115mmDOT 1 —EILIVIVERWVWTESD., EfEL
F20& L7z. BAGRERRIE. Uy TEZEIT BT
D hREBBRERRE. KORBBREE LTFZ IR
JhHBBREORERRNESED)NELESZ2DD
SEMBYRBGEE 25T U7z MREAEBD 7 AT ~Eb
FZNZFN. 11.1. 18.5TH B, RSICEHTERMHER
9. HEEERE SN ERNENRG D FMH1 EFH2
HRELUT. BE/NY -k, TLMEE. A EE
(IR T. MRENOELSFBESZHDODBENELRD
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BRZER> A% 79 —ESHCODIRESF ZHEA L
fz

&4 EtEET
Bore x Stroke (mm) 115 x 115
Compression ratio 20:1
Re-entrant Shallow A Shallow B
Chamber
&
Nozzle
$0.12x8 $#0.10x12 $0.10%12
*”5 EIE=RH
Condition Conditon1 | Condition2
Engine speed (rpm) 1,000 1,200
20.5 70
Injection quantity Pre 3 3
(mm?/st) Main 12.5 64
After 5 3
Main Injection timing (°*ATDC) -2 -12
Injection pressure (MPa) 84 125

M3, BRAlCFENZTNR G, 20T ITHHE.
JAXMREMNE. BANERESDOABERRER T,
FHEITEIVI S MRRER(CT LT, KROE
M= CEFE S/ VDA EDE T, IIHHE
ERIIEREENRA L. RRBNELB LTS L5
flisN7z. BEEOBVRMA2(E. KOEMEEE &/\IE
LE/ ZIVOBAHEHE T, TTOHHEN BRI LT
H PIRT A EWREEBO AT THIHEA
WA UTc, FRBABRIEGE. MREBHHRBIEL
HFo2THED. MREEREmELE,.

\—E. 1 2%
55 | [P

oot (mg/st),,

Gross Indicated
thermal efficiency (%)

Re-entrant| Shallow A | Shallow B
©0.12x8 | P0.10x12 | 0. 10x12

0
Re-entrant| Shallow A | Shallow B
©0.12x8 | ®0.10x12 | $0.10x12

M3 RE1D2ZalL—>ariER

o s N
o o, o &

Gross Indicated
thermal efficiency (%)
Cooling loss ratio (%)

o o

Re-entrant | Shallow A | Shallow B
©0.12x8 | ¢0.10x12 | $0.10x12

Re-entrant| Shallow A | Shallow B
0.12x8 | $0.10x12| $0.10x12

M4 FH20>z=aL—>3arviER
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B5(Z(&. & 10D5° ATDC(LFEEREAE | After
Top Dead Center)[C&H 72 HELL 1 DZHEEAE. HRR.
BEAEAXREDSERRZRT, VIVEI U
BRI (X, TEFED ) W TEBICERL. XFv>aA
BEFPETAARLCEERZEER LTSN, F
EHARIFERIBO) W TEBTHL. HRE(FEHRP
DETIHEL . BERKNBEBTCEL GE>TLSZ e
Hhd, KORMEEE/NEFLER/ Z)LEBEFEDE
BEF. BEmAEORRR(FE . EE T ROk
PETHREGDTVD, COSRPFEEZEDNEEP
([ZFERL L7z EmtLHED KR ERIC LD HEDTH S,

Chamber Re-entrant Shallow A Shallow B
| Nozzle $0.12x8 $0.10x12

1

[F:Aei:an]qu
ﬂng
YHt
\ \
\ \
\ \ \}
\ \ L] !

Equivalence
ratio
Iso-surface
o=

1x108

2,500
[ ]

Gas temp.[K]

1,200
E5 HHE10>=alL—>ar#R

RIZ.BEROBVRE2(CEVNT. IIHIEEICK
EHENRSNIEMBEREAEBDEVNEERT B0,
MIGEENDRE[DHBELE L. B6(215° ATDC
CHFTBEEUDMERT . BEEFE TOERENT LR
REATIIEZELIRBICAOHULYELL25U DB
BRESNEmICERL WS I EN DA D, —A
BEEFE COEEIRVRAREBIIBRBESIDERF
Bond. Nt BEICERIT ZFICEZENDES
BANEH. BREIDEBEHNEALERI, T90D
B EBET B ENFRINDO,

Shallow A Shallow B qu.!ivalence
| ratio
#0.10x12 —
25

M6 FE202=ZaL—3VKER

UEDRER. ROFMBEE S/ NEAD ./ XILDOFEH
BhEIF. BEREINKENEE(CEHRT BEOERZEDHD
HICHRHAHD . FLEHAICEHRT BRIIRERZS
SBIESE2IET. TIDHHEZERTED &
RIEENTz,
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3.1.2 MEI T FOREEHRER

AORLBRBEE SNEFR/ VDA EDEICL
BDIMBEBMBERET—VDIEBNREHRT B7=6(2.
RADMKEE / I EBWTI VI REIZ L ER
SIEERELE, fET I ER20CRIAE T~
I3 THD. ABRFME. REITRI . K42
TERELE, COESEIBRRFRMH1. XH42T
FNFN. 3.46. 1.23E5E2TWS, HIEHZEED
EHEE. BIBREMEI Y VHIEH X D HE
(MEXA-1600DEGR)ZfEA L. RE—VI(FAVLEX
T A=Y (AVLA5)ZFER L TEHRIL . BRI
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B11(2(F. ORTETIVOICEDER Uz EEEKE
BEE EMENEXDBRZERT . TVYVE2EDOM
BUEICTEIZERRFER N V52T #HED
JEcREWZ &AL B, TTHE. HBHWETZ>
VBB Z100%1ER L THEA%RBDRESLEC
ULAZESTBERICER LGV, LEMN>TERDODER
BitiERICRDBLLEN DB,

Inmprovement of
fuel consumption (%)

Friction reduction rate (%)

11 ORTETIZERVEEEEXDERMDR

ROIZ(F. BEREMOIMDEHRE EERIERD
HURBRE., R INSOKIMZERLZBEOERIA
HZzRd. BRIEHE. MAERECENDZENE.
BEBEREREMIIT 58D ICRINEE &ML .

&6 BEIEXROERERE

Target of friction .
Components reduction rate Risk
Piston Light weight Fatigue strength
Low tension of TOP ring 10 % Sealing and lubrication
Ring Low tension of 2nd ring :flgg-by
Low tension of Oil ring
Crank Thin crank shaft 50 % ggffzﬁzsan S wear
Wat
a'er pump Flow reduction 50 % Heat rejection
QOil pump

3.22 ERRT7YUDTS 3> OIER

B12(2. ORTETIVVCEDEELRZEX N>R
NEERXRVEENER NV EBIBRICKRIFZITHEZ
Y. HPDFESHIER b REBNDOENZELE
ZRLTED. RODBBREEEDRNCEIDEZ ~
VEEFMET I LN DND. COBRLS. AR
S TIRERA N RBEIERE10%RRT B, E
ARV IRAFR=INS50%HIE L. EX >
BEF25%HIRT 5 cZzBRE LT,
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Relative piston ring tension (%)
M12 EXRrYEEEVVIRAEINVEREE
el

FIERX VI VIRDMEBICDOVNTIE, EHEEHE
SRICTERBERMNREMENDLE, FLERIER
B LUTE. RIICEX N> 23T AERYT . Base
DUy MR LT, TOPU Y 2nd U >
OILY > JRNDZEEBLIZ. EX N VRAERIZH
T2 TE. U EBREREVZETSBELLDIC,
> JtgEh, U2 JEBESad>5. BESZHRELE,

xR7 EXLVUZVTETR

Base spect spec2 spec3

Relative total ring tension [%] 100 62 54 52

TOP | Relative ring tension [%)] 100 70 49 70
hxa 3.0x4.1|3.0x4.0|3.0x35|3.0x4.0

2nd | Relative ring tension [%] 100 68 68 34
hxa 25x48 | 25x36|25x36|25x3.6

OIL | Relative ring tension [%] 100 50 50 50
hxa 25x25(25x20|25x20|25x20

H13ICEHBRERERT . BEIBEXEFE-—FU VT
BRICTEHAIL. MBEUEXG. MHEET -9 ZE
"L, EEBERESFETOU S LO®ZH L TBaselxd
FTEIRELRTR L, LOC(OILBESE: Lubrication
Oil Consumption)(d—ESFM CEftEsn = R L 7z
e, OILIREMDAICTIEDFEYTRELEZ, 7
A—/\1EHRIFAVLEE T O— /{1 A =% (AVL442S)
(CEDEHAILTz. KED . Baseh S HEHERDZIRIR L
fespec1 TlE. E—F UV JTERIFBERL. RE(F
0.7%e8&E LTce 2IHSEICTOPY > J = KRS L
Tespec2 Tl E—F UV EEBIHMET LA ME (T
Bl U, TOPUZ U DBEZRDETIE. BRBES X
D= ILARRICEDHRBRENBILLIZTZ2HTH S,
spect M5, 2nd') > T DHZEIRENIL L Tzspec3T
FE-—FUITEBORT EMBONEERERL .
ZDEEspec3DLOCIFBasemM SENICEAL
ENRBIRENTHD. F70—/\1DRBILIFE
Mofze MEDESIZ, BaselZxt L TEEENIF48%
FTERTE. 1.2%DREREZHA LT,
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T 200 2
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Total Ring tension [%]

®13 YZIRNMEBHEHFECRIEITHZE
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B2ET MRODUIV S Y MRABRZEICHLTER
FEAREEXNVFRLDETORENBEMT 5728,
A—REZHIRT 3HBEEFI>TLvazv/\( k&
EXb22EZERTEZ. ZORR. EXNVEE
Z25%BBMCTETee UELD B12(CRITERXRTR
BEEREROBRLANILERS ZENTET,

323 U05207002a>niER

D220 2% 7 ~E RIREEOERZE > 7z Ml
{bEMET U7z, MEbCLDMMEETHAEISRIIE
IREMBEROE (G, BEEF—/N\L1EkLE#HS
(FEHAFEDEDIETHELEZ. R14(C. 3BED
IS0 v T MRV EREARERE R, %8
[E855%E 1,600rpm — 130NmM DA TEME L . s (E
NR—2[Z T ZEBIBLEREIE. M IRERER
TEIE Uz, BEEXE. BREATIYIZLBIEE
MERDERREHEHENENHIS. GLICEREL 28
ML A=Y TEHAIL R ERESENENZR LU TE
Bl ATV —FIILFEREEFRERONNS Y
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Analysis of N,O Emissions and Design Optimization for Urea-SCR System
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Abstract

In urea SCR systems, nitrous oxide (N,O) by-production during NOx conversion is an issue. In this study, a
sensitivity analysis is performed using a combination of five factors included in a plant model of the urea SCR
system. By clarifying the factors that contribute to N,O formation, we propose a design guideline for the urea SCR
system that can both improve the NOx conversion ratio and suppress N,O formation.

1 [FUSIC

T4 —EIIDIDDHHARIZEEZNSNOX(E
ZEBEMOEELERIELZENE LT, RE
SCR(Selective Catalytic Reduction)> X7 A(B1)H
Buonsd, RESCRI AT AlF. FREKDMAKEES.
FREDIMKDBEICEDEUBNHY( 7 > EZT7)ZETT
MELUTHHEHA XHPDONOxZER{L T BSCRENE ., KU
REONH:;ZEBRIL BT BASC(PVEZT7R I
AgE © Ammonia Slip Catalyst)h SN 5", R
ESCRY AT AlF. HRBGHEH A AR CHBT S
eHlZ. MEMBORIRRU S AT LARBILICED
NOx# L MEBED B LA SNTE, £ RE
SCRY X T AldF. NOx#{tDidFE TNH: KR UNO(F
BICBR)ZERT S EEHMENTED. ZN5DHE
HARBIC A FTZEND A B AAT L THRETS N TL B,
ZMDDEN0(FCO:UZX U T 27 3B DMIKRRIZE =
FOBNGREMNRAZITHD. COECH(AT )
([ZRWTHIBKREELICH L TE S L TLWSEEDNT
W32, Clairotte 5DFETIF. EHEBEOHIEHRIZ
SENZREMREHIDSEN,ONCOMMEET0O~
T%ZEHTED . ZORETE G TS HVLEMERM T
28, ¥z BRICEVWTEBRENSDNOHEHIZD
WTRABIASEE SN, ERRURANFESNT
WB@ENe, BIZEFETlE. REFERDOFHLUWVERT T,
N:OHFEED /S WMEAAEH =N TLBY, LA
T. RRESCRZE#H UIZEBREN S DNOHFE DIKR
FRELCSVWTEEELRECTH D,

INFTIZRESCRY AT LIZHEFBEN0DER
ANZX L EL T, SCREEEE E TONOXFERIGICEH
T3EIE. NOA—BILZR)RETTELS
NHiNOs(FEEE 77 >~ EZ 7 L) DR ERE O RU'ASCD
PGMALE (B & ix&BALEE © Platinum Group Metal
Catalyst) E CONH:BAERITICH FBBIED 1075 &
MBESNTVD, —H. Y RTLRETOEIANS(F.
SRATLLAT TN MEORIGHE. B2, B2,
FREKDEAEHIE G EANODHFEEICEEN CH
BIZERESNZEDOD. INSZERFHICHENL
EOAFIFEAEGN, ZITARIAETF. £I'. &
FERESZ AL —2 32K DETRDRESCRIC
BRI BN0HFHICDVWTEINE T Oz, RIC, TE
THERET /NS A —F 2/ T BN ODHEH = D REEM .
NOxRUNHHFHE ED ML — R A TBIROEN. B
(ZIFERET/ NS A =9 DIBRIEHBAHED BT LD .
NOx. N.O. RUNH:DHHEZRIHER T 2 725H D
REHESE L CERINSHMREZER L,

Urea-SCR system

Urea Injector

B1 RESCRZRT LA

VT SHRRAKA 7 I YTEEBERETED
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2 KBRRUSEFE

2.1 HELANE & ETE SRS

BARSBRR(C KD BE DN, O% A 4F M & 51 L 7=,
=254 /\ZHL(5mil"/300cpsi?)ZSCRT(F
Cu-SCRERIE(Cu1 AR A+ )&, ASC
TIFPGMARE & Cu-SCREtEzEECO— LD
DzEWEz, BE20mm. ES20mmDEERH =)
L. 600°C. 10% HO/AirOEFEST T T1008FHE DK
HUIBZEELZDOEMEMEE Uz, SHRICITANE
SIS X7 (R AR CATAS000)Z A L. A
WIZNH:ZRBFRE ST TH S, RI1IRIT BT
M L7z, NO. NO2. NHs. RUNORE DX
FT-IRMNX MAIZRRBex-1000FT)Z B L\ /=,

R AEEAHRIRMY

NO+NO, NO+NH,

+NH;

Te’["g:g“g‘]"e 150—600
SV[h'] 60,000

NO [ppm] 300 150 300 0

NO2 [ ppm ] 0 150 0

NH; [ ppm ] 300 300
0:[%] 8
Hz0 [ %] 10

22 ZalL—2arvEH%

WLTC(Worldwide-harmonized Light vehicles
Test Cycle)®E— R COBEEITICHIFEHHETAD
AL -3 V@RI, B2(2RIBRODRESCR
SRTLETIVERWEZ, SCRRUASCOTZ> ME
TV, BESROMEETILIATH D, MEETILD
RIGEREEB (FEAABROBERICETVTEAE L,
FREKDWAEHNE(E. OpitzS DFEATHREIZSE(C,
SCRONH:IREEZHIHAEF L LT, SCRONH:RE
ENBEREEENH:RER)ICET 5L D ICREKD
fieEadEL, >=aL—23>DOAANEIFI9L
DT 1 —BILIVIZDHHART -5 2R,

T
—» Dosing

NH Controller | | Urea
3
storage supply

l—V SCR

> ASC )
——  model NOXx, model NOXx
T, Mf, s 5
NOX NZOJ NZOJ
NH; NH;

B2 FRESCRZRTLETIL

*1 mil (- >~F®D 1/1000)
*2 cpsi (cells per square inch : SE5 1 > FHR=DDEILE)
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2.3 BREH\T A=Y DREB

FRESCRY X T LTHONOx#ILMBEICHET S
RAFELT, T UHIME. BAIBIAR. REES
HERUEZEO—KRENZFSNTULB, KHE
Tld. BAE(CH T BBk CREREHH M ICE
BU. R2(2R9. OSCREFRDNO/NOx. @BEF
NH:IREE. @SCREE. WASCEE. RUBGASC
DPGMIEBHFEDSDDERET/NTA-—Y DRERENZ
7272, SCREFRDNO2/NOxIF. DOCETILONO
AR EREZ B ETREZSLE5DDKEZR
EL. ZNENOKETOWLICE-RIZEIFS
NO2/NOxDFIFEZER2IZR LT,

BENH:REE(FORE LR ICK D TSCRIZKE L7z
NH:DRtEE & UBFH Z 8 5 728 BIRE TOSCRAREE
DONH:REFEZZER L CE3DELDICERE LR, &
oo BRMREBICRFKRZESH T B ERE. EVL Y
b RUSTPRI)IEGEZERDET BT RI Y A
ERLPTVHION SCROEENT T LD
REKZWBT 2H0RGZESZ 2, =L —>3
TNZEDB/ESNTENOX. N2O. RUNH:DHFHET —
FIZDOWTIE BEFREDOASCHEODHIHE THRIZL
L7z,

=2 EEHIN\TA—%
design parameter | Level
NO,/NOx at SCR inlet[-] | 0.1 |0.19|0.26|0.56|0.73
Target storage of NH;[-] | 0.5 |0.75| 1 |1.25| 1.5
SCRvolume [L] 125/ 25| 5 | 75| 10

ASC volume [L] 0.25) 1 3 5 | 10

Norma"md[?;m loading 025/ 05 | 1 2 4

O : base condition

Over
NH; storage

Target storage of NH; [ -]

100 200 300 400 500 600
Temperature [ °C]
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2.4 MENGHEAHEDEEE L BER

FRESCRY X T LD5DMDERE/ T A — 5 DIEFEN
GRAHFEDEEHEZT Oz, R2ICRISDDEKRE
INTGA=FEOVTENENSKEZRHITEDEL
3,125(=5°)@BO D> =2l —>3rvzEEli. 5
CnNtHmRENSZEBNEEIY 7 b
modeFRONTIER(ESTECO# &) ZH L\ C. 5DM5
SHNSA—S ZERBEH. T2 NOx. N2O. RU
NH:BFHEZ BRNZEHE T ZRSMUCEEET L !
Response Surface Methodology)ZfER L7z, 2D
B, RSMOIERFIEE LT, IRDZIARFRED R
ZRWT,

3 #®R

3.1 BHEBKICEIF BN ODEIE

SCRERUASCIZHEFZN0NEIEEIBIET 5728
(CARIEDBASREEE LB RERAIZRT,

F4(a)lcRg SCRTIE. NOxENH:DRIGIZHEL,
SCROEBHEAREE THS150~600°CH LI,
THEEZE5~15ppmDNODER L7ze NODFHDE
HIZEERTNOMAHEFT 2 FK S TIEN.ODEMRE
FEWMERZRLUZ. RIGIETEDS. NOxENH;
D1.5~4.5%ICH=2E2EDHNNODERITHES=N
7zo B4(b)IZ/RI ASCTIE. 200~400°C{FiEIZNO
ERDOE—IHBSNT. NHDERIL A4 (NH:) (23T
LT. NOAHET BEA(NH;+NO) TIENODEFL
BEEFEDEWMERZRLE, RBRZEELD. K
TSR DEED D7 ~33%DN0DERITHE=NT,

(a) SCREADNOXFLE & N20iEE
NOx conversion (NO+NHj5)

NOXx conversion (NO+NO,+NH5;)
N,O concentration (NO+NH,)
N.O concentration (NO+NO,+NH;)

100 50
80 | { 40
60 | 1 30
40 | 120
20 | { 10
oL e |

100 200 300 400 500 600
Temperature [ °C]
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(b) ASCH A DNH${L 3 L N,OIRE

=O==NHj; conversion (NH;)

—#—NH; conversion (NH;+NO)
N,O concentration (NH;)
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o
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3.2 BiEE— R TONOHEH

ERDFERRRICHE FBN0HEE R UNOHEH
(CBADBERZHSNICT 7. IRESCR T
LAETIVERWTWLICE— REBREHICH T3
HADT=Za2L—23>7=Feliz, RERSCRV R T
LDWMHREZ25°C. #MHONH:KEZFEOE L.
R2DEEZMHTIYZaL—2a >y ULEKRERSIC
R9o B5M "Normalized NOx. N2 OKUNHs] (&,
NOx. N2OKRUNOHFEEEZEWLTCE— RETHFICH
(FBHASCEODHIEE TENZEFNREILLIZETH
%, BRI TIFEHEMNKRT T TREKFEHB I NG
ZOHNOFHEHE S NG WAL, RRIEH S &R Tl
N.OAHEE SN Tz. ThlE. SCRIZEIASNZRED
DEETEUBNH;EHEH XFDNOXD RGN,
N:OMBIE LR EEZEZ SN, T, BERETIE
N:ODHFHE F 2R TIE U 7=A'SCRE4HE TASC
THENOMER UTze THNIESCRTRE &G D7=NH;
MNASCTEILSNTNOZERLIEZZ ENRREE
A5NB, E—R2EKICHIFTIN0HHEDS S,
75%(FSCR. %D D25%(FASCIZHEK L=,
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low  medium —high ifgha 3.3 BRE/\SA—F T BNOBFHEDREE RN
— 160 —— —— @ o N:ODHFEE (23T BRESCRY 2T LD ERE/C
£ [ AR - e B SA—EDRBIZOVTBERTERIEL .
3 40 b et | 5 DSCREFADNO/NOx. @EFENH;IRER. ®SCR
8 o BT o = BB, OASCHE . RUGOASCOPGMIBRFBEZIRL
. 15 TY=al—2avTifiLe. BERHENSZNE
g_ 10 » NOBE/NTA =Y ER2D5DDKECEB LK
505 ; Target Storae DONOx. N20. RUNH:DHFHENRERZER6IZRT .
Z o0 -y Actua Storage BF(Z(ZSCR. RUASCO TR TOHLBEZNE
L 30 — NFRT. DDSCREFDNO/NOxH0.58i4 TNOxX
8720 - — — 5CR ot DOHEEIHMET T BHANODHEHE (FFE (ML 7=,
B840 | . Sorn . @NEENHREREE < T3 E. NOXDHHEIHE
2% 00 b BT BHN0ENH: DR B (F ML, @D
15 SCREEZEEDT &, NOx. N:O. RUNH:DHEHE
B0 | T Ao [FHIZER L. @DASCEEE L < [FODASCH
g Q 05 PGMIBIFEZ P Y & ASCTONH:HEARES N
2% 00 TNH:DHHEIHER T BHNH D RIC L DBILET B
8.0 — NOx&ENODHEH B (I U Tz o BEBITDRBRNS.
800 - ScRou RESCRY ZT LDSDDRE /NS A—FIFTART
EF 0 — ) N:ODHHHEIZBEER DT DN > T, F2 @
S= 00 . . iz DSCRAEEHEPT ENOx. N:O. RUNH:DHEHE
0 500 1000 1500 2000 ERBECERT 52 EATESZH. ZHANDLADD
Time[s] HE/XS A=Y TIENODHHHBIZH L TNOXE =
E5 WLTCE—KRTODI=aL—IguUis (ENH:DHFEEM AL — R F T DBRICH S Z EHD
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@ @ @ @ ®
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3.4 BEHI\SA-YDEHEDEREIL

AIEIICEH (T DRESCRY X T ADBRERE/I\TA -
DEBDIRORET(CHE . BED/NTA—YDIEH
BhtERBELZEHATZ. R2(CTRISDDERET/ T A—
FIZDOVWTENENSKEZRFTEDET3,125(=5°)
BODYZa1L -3 VRREFHBRFELT.
WLTCE — FERBRRSFM TDNOx. N2.O. KRUNH:HEH
EZHET DRSMZEZNZAUER LTz, F5M7ZRSM
DRERBIFIIRTO.ISUKEERTFTHOTee ZDB
(2. FRERSCR R T LADEREHZHIZD . MERS(FE
HIEPRBEEEOOTERNZEZ(FST28H. SCREASC

@ : Results of RSM model
m : Optimized results

[

]

Normalized NH; [-]

=]

Normalized NOx [-]

DBREDNHETZ6 LIATIZRE L. RSMZALTNOX.
N.O. RUNH:DHEEZEH UBERERT7ICRT .
BENTMDSENOxENH:HEEEMNBEAEZHIUT
TNOHFEEN TGN D2 L1000 B % KRB AR
ELTHHLE, RBEO—MIIZHIFB5DDERET/N
SA-YEBRVNTCIZ AL - 3rETL. 5Nk
NOx. N2O. RUNH:HIHE8ZKR3ICRT, =2l —
SAVHRIZHIFTEN0HHEF. RSMIZELDE
HEREDEMUEEA., EERECI U T22%ER
LTuL,

Normalized
N,O

I 1.0~
0.9~
0.8~
0.7~
0.6~
0.5~
0.4~
0.3~
0.2~

{3 poog

0.1~

7 RSMIZEBNO. N,O. NHHEHED L — A T8

*3 BERHLREBROHHEBLLR

Base .
condition ol
MO MO [ - ] 0.36 0.36
®
= MHz storage [ - 1 0.63
o
&
E SCR volume [L] 5 57
5
2 AST volume [L] 1 0.3
(|
FGM loading [ -] 1 3
Mormalized
N -] 1.00 1.00
g
= Mormalized
a2 MO [ -] 1.00 0.78
E
“ Mormalized
NH: [- ] 1.00 0.74
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4 Eg

4.1 FRIETDNOER

Cu-SCREREIF. mUINOX#LMBEZRT ZEN'D
IHEIFRERSCRY T ANDEBHEA TS =T,
N:ODEIEEHLEBRMZ N EAF SN TS,

H4(a)DSCROBAFABRDIERN S N2ODERM IR
EIFRERUNOOHRFCHEZERIF 2 EAHRIS
N5, Cu-SCRAIZE ETNOMEMTEAN XL E
LT, 300°CA TR TIRTL YR T Y FBERICE
BT BNHINOs(FBEE 7 >~ E =0 L) DR BEA EERE
THBEEDNTULBY, T BETIFECu 1 ~E
TOZRAY7Z FHNNO)ZN LR EIRES
NTN3, 300°CUEDERTIENH:BEIERUSCR
RETORENEGREREEZ SN TNZN @D @2,
SCRERDNOXIZEWT. NODHMEFET D55
XU TNOMHRET 25 B ICN.OEMIREN S <&
BD(F. HE7VEZDLNERLYPIT VI EESCR
RIGTORIENEZ B ENRREEZ 5N S,

HA4(b)DASCOEBEMAFGFBRDERL S ASCTI(F
200~400°CTNOZER Lz 2 EW RN Tz,
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ASCIFPGM ECU-SCREERB TO—~ULIEMETH
BH. ZDSBENOERIZXT U TIFEPEEDPGMA
KBEETBZENETHENSHMSN TS, PGM
BRI E TCONH:DER{L 282 Cld. 200~400°CTNO
HEIE LDPT LD, ZHUE NH:A BRIL T B BF2(CH L
T. PGMEEA TIHMERTIEND. SR TIEINOARE
BELTaLWEEXRELSH, 200~400°COH BB 74
/mFEﬁZ‘C(.;th‘:NOb\/thbTD&%Ta*ét&)I:\%JI’LB
WES - BBt L TNOZER T A EEZ SN T LB,
F7z. NOMHEFT 24 (NH:+NO) TIENOD L
BEEFEDEWMERZRT D, EETPGMEEAICN
HkE UIRETRMEELIDONOMMRIEEINE EZN5
MRIGLTNOZEERT 2728 TH B2,

4.2NOx. N2O. RUNH:DHHED KL —RF 7
R{R

BE/NTA—YDREBMDBER(E6)HS. SCRE
EUNDADDERET/ S A=Y TIENOx. N.O. KU
NH:DHFHEN L — RA TR EGTEANZ XA
(EDOVWTERT B,

—DHB& LT, fast SCRRIGIZ KB NOx#{L &EN2O
BIEDBEENEELTVDEEZIS5ND, HIEAXH
DONOXD—EZBIZNO A HFT B &, SCRTIENOXE
{EiEMED S LM fast SCRRIBHEITT BT EMFSNT
WBIME), —375 T 20°CIAT DIERE TIENHANOsA
ﬁ%%ﬁlgiﬁﬁ ERBL. BELRICHEVWDET 5B T
N:2OZEHE U B, 2D, SCRETRDNO/NOxZES
LB EIZ(Efast SCRRITIZ L D NOxiFLEMEA
ML U TNOxHFHE (MER T B8 NOHEHE (F3EN
IB5NL—RATVBEBEMNELCDEEZISND,

“DOH&ELT. REKERECLBINOGRLESEE
NH:BFHEDBEINFEL TWE EEZ 5N, Cu-
SCRTIENH:IREBEENEINT B EZFNITLAIL T
NOx#biEM(FEE D%, ZD—AT. NHIREEZ
E<T5E. MEREN LR ULBRICKRE LIENH:A
RIFOAREE LT < 5B T2 (CNH B E(FIBINT B,
SCRIZX T 2 HENH:REEZS < LZHBEITNOX
DHFHEIHMERT DDIZH U TNHHEHEAMENT S
N —RATEENELZDFZDEHEEZSND,

=DH&ELT. ASCIZEHEIFBNH:EB{LEE ENOF
U<IINOEIAEDBEFENFEL LB EEZ 5N,
SCRA S BiEE L 7= RBI DONHsHASCOPGMALEE THE
IEPBEINBIHE NDBIZNOXRUNOZBIET B
;tfj‘%ﬂbﬂfh\%“ 110@)e - ASCIZRAT BANHE

ZW5E. HL< latASCODNHsﬁMlC/E’l“Eb‘E WBE
IZ\ ASCIZEH1FBN0E LU < [ENOBI&EE(HEIT B,
ASCEREZ. RUASCOPGMIBFEZEBINS B IHE
TlF. ASCONH:ELEMDEINT D726 . NH:HEH
23 UNox RUN:ODHHEE (38T 5 ML —
RATHELCZEEZ SN S,
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4.3 AT LDEREINT A=Y DEmiBILigE

WLTCE— R TOHEA R ZaL -2 3 V&R
5. RESCRYRTLADEELGSDDREH/INTA -
D>5, SCREEDIBIANOxX. N.O. KUNH:DHE
HEDOBHERICBEN TH o>, TNIESCREEDIE
MIZED . NOxD#EMEENEE D DD NH:DRE
BENNEIEIMT B2 & TASCANDREENH:DRAE
ENOEMMMERT 5728 TH B,

SCREMDNO2/NOxIF. NOx# L DE R TIHMER
EMEDB WM ast SCRERARMA I 5728H120.572EH
i & SNTET. —H T NO/NOxIFEWIEFEN0
DOHEENEMT BMEAN DD . N.ODEIHEF TE
RURBEICIFMERDEZA LD HENO/NOxZK <
REINETHD VAT LREHZHEWTET + —EI
BALARE(DOC)RU' R RIE T « )LY —(DPF)DEAL
ARR DARRIEN U (CBIF 86 & TRBILTE S,

SCROEBENH:;REEZEH D L. HIHAXFD
NOx#ERIGHUEE S NMNOXDHFIEE(HER TE S,
—5T. ASCNDREGNH:DRADEEPT <ED
ZENS. ASCTONOER ENHBFHENENT B,
NOXxDHFHEIZXH I HNH: EN:ODHEHED L —
A TBFELS. BENHIREEZ(CFZENSD/INT >
AZEZEBULRENBEEEZIOSNS,

ASCOBEE LK FPGMEBHEZRE LT B L.
ASCTONH:DEEMNE <5576, NH:OHEE
(BB TE2HZDDBREMN THBNOXxEN 0D
HEEE (BN T Bo NH:DHFHE X T B5NOxEN0
DEEED L — A T7BELS. ASCEEELLF
ASCOPGMEBRE(ICIFZENSD/INZT VR ZER L
REMDBEEEZSNS,

4.4 N:OZBRT DY AT LREIDER

AIREY TIFSCREEEASCEEDEETZES6 LIAT &
THHNREZREL T, RE/\TA-YDREHEZ
BRERELUZ, ZORR. BEERMHF(CX L TNOXxENH:D
HHEEEFREZFUTELDD. N2ODHIEEZERI22%1K
I BENEBENL, RIOKREREICEHL T, BEEHX
D=L -3 VEMRICEDNODIERER %
MUTERER. SCREEZAE <. F7z. SCROBERENH;
REEZEKEERET S ETSCRASASCANDNH;

DORAENMET L. ASCTONOEME(F. BEHERME
EEER L THI70%IEB L7ze —/A T. SCRTDON0%
B2 (FEEFHFICEERTHIOWIER U 7zo 35T/ N T A —
S DEEfbIE. ASCTONOHFHEERICXT L TEX
THho7eh'. SCRTONOHFHZ2IERICKT L TR
INEWZ ENERTE T,

AMREYDFER(E. AEIZEREED=Cu-SCREF)
FUERESCRY AT AIZEFBZN0DHEHE DK
RICEBT 53 X T LARETDIER Z R T EEEFIZ. NOx.
N2O. RUNH:DHEED ML — RA T ICHKRT 514
BERAZRULEEEZS. —H. ZERORKEARTE
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BB EGAHRRGRETCOETRME. RUNH:KES
ZHHRFEUEREHEBQHBTEUCSREER
(NH:IREEDHERE. NOxtZ U DEFZE - 5516, R
EMRELGE)EZERL CLWELRIFSEDRETH
Do

SEDEGTBRESCRY AT LORRICEIFT, &F
9 MEMBEORRNMNBEEEZ S5NS, BAEMIC(E.
SCRT(ECu-SCRONEIREDA L. HL <IEN0%
Bl UIZ SWBML/NF 20 LR R Uk 7 > 330
T4 SR OMBENRZE(FS &N TES, ASCIZ
HFBNHBIERIGDONIBIREDE L BRI TH
325, RIZ. T4 —EILIVIUNSDONOXxDHEHE
ZRS5T ZET. ZDOFITHESNOBIEZ RS E
BIENBEEEZIOSND, BlZ. RAGRETDE
TRMEENHRESEHERAF & UREMHEHIET
FUBREZRZER UIZRRERSCRY X T LADA/NX
MERBALICE D UT7ILT—)U R TOHE R
EMDHEELENDD. CORBICHL TIE. AIRFT
THWZaL—2 3>k 3@mFENEBATE
BEEZOND, UEDIDGHEAMBIFIC KD AIRET
TRULMERREBZS. BNET « —EILELE
P RTLDORBHAEHFEND.

5 &HDIZ

FHETE. RRESCRZ X T LTONODERER
DI ENOX. N20. RUNH:DHEH 2 Z [ BFER
I BEREHESH DRI EHINE L TUTORIRERS .

(1) Cu-SCRZEFMAB ULRESCRYRXTLIZHEITFTS
N:OHEE D E 75 ZE H (FSCRAREE TDNOXH1L
(ZHEDSNOBIET. RULWT. ASCTONH;3ERE
(ZHEDN0BIETH B,

(2) RESCRZ R T LDEREH/INTA-FDD 5,
SCREZEZIEMYT 52 & TNOx. N2O. KU
NH:DHFHEZ R (CER TE /2. — A T 2N
AR DADDERE /NS A=Y TIENODHEE
(X L TNOx. B U KIENH:DHHEA L —
BT DOBREE DT,

(3) IRESCRY X7 LDEREH&iBILICE D ASCT
DNO0BIEZR/NMELTES—A T SCRIZHF
BN 0BIE DR (EREETH S,

(4) SERIFMEMBDORRR USRI OENFEZ
JoF UTeRERRR TOO/NR SERETFIADHE
IHEBFEND,
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Abstract

In the logistics industry of Japan , the solution of the problem of "last one mile" such as the increase of the
small-lot delivery becomes urgent , while manpower shortage and aging of truck drivers become serious. The
license system also became 3.5 t or less in gross vehicle weight for vehicles which can be driven by the ordinary

license after the revision in 2017.

To shoulder a part of such physical distribution problem solution , ISUZU put "ELFmio" on the market as a
vehicle of GVW 3.5 t or less as ELF series of small trucks. This paper describes the features of the RZ4E engine

with ELF Mio and the outline of the technology adopted.
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*1 VGS : Variable Geometry System
*2 EGR : Exhaust Gas Recirculation
*3 DPD : Diesel Particulate Diffuser
*4 SCR : Selective Catalytic Reduction
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DOC : Diesel Oxidation Catalyst
CSF : Catalyzed Soot Filter

DPD : Diesel Particulate Defuser
SCR: Selective Catalytic Reduction |2

ﬁéiSCR ASC : Ammonia Slip Catalyst
REA DTS =
1 y ¥ 3 %
7 As R ,’ c? i £7 i
r - \—*-« : JAEDPD
EFETFOI IHV—zbROY RLULT

F9 BB T L

IV VETNCREREESNEZDPDERET S A
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W3,

How to further improve the concept?

Possible optimization areas:
1) influence of ambient temperature o .
2) injection amount to temperature behaviour is nonlinear

post injection . . . .
“> DOC outlet temperature behaviour nonlinear Ti) linear controller not ideal
specific enthalpy behaviour linear better for linear controller

Solution -> use relative specific enthalpies instead of temperatures|
h=c¢,(T)-T

temperature to enthalpy:
relative enthalpy to ambient: hyet = B = hampient

enthalpv to temperature — -1
(not reauired. onlv for monitorina) T=c (et + hambientL

10 BE-MENLLTI>YILEEB
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— further improved controller
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Effect of 3D Cooling Design Parameters on Mold Temperature in Die Casting Mold

FE EFE Ml

Kensuke Yokoyama

Shuhei Chida
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Takumi Masahashi
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Abstract

It is necessary to shorten the cycle time in order to reduce the cost of aluminum die casting products. Mold 3D
cooling using a metal 3D printer is adopted as a new method to achieve the problem. This paper introduces a case
in which the effect of design parameters on mold temperature was verified by CAE in order to optimize and

standardize 3D cooling design.
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Verification of Laser Hardening Process as a Countermeasure for Camshaft Wear

A A

Shuhei Yamamoto

2 B
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Abstract

To enhance the surface hardness of the inner surface of the groove in the camshaft coupling section, it became
necessary to add a new process to the existing production line. Therefore, we introduced a laser hardening method
capable of low-distortion heat treatment in narrow areas. This paper reports on the technical challenges identified
during this initiative and the results of the verification of the solutions developed to address them.
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Towards Carbon Neutrality - Synthetic Gas Bench
Study of Performance of Potential Aftertreatment Components for
H, Internal Combustion Engine

Vaibhav Kadam* Kamal Chowdhury* Bruce Vernham*

Abstract

Hydrogen internal combustion engines (H; ICE) present a cost-effective, durable, and reliable pathway toward
carbon neutrality and compliance with zero-emission regulations, offering fast refueling and resilience across
climates while avoiding issues tied to critical mineral mining and battery waste. To address tailpipe NOx
emissions, selective catalytic reduction (SCR) can significantly reduce emissions and support in achieving Low-
NOx standards. Our study evaluated diesel aftertreatment catalysts under simulated H, ICE exhaust using a
synthetic gas bench (SGB) setup, which accurately reproduced conditions with high repeatability and greater
flexibility than engine benches. Key features of H, ICE exhaust include low engine-out NOx, negligible soot and
sulfur, lower temperatures, higher water content, and challenges such as increased N,O at 120-250 °C and

potential H; slip.

1 Introduction

As the transition toward full decarbonization
progresses, a key advancement involves utilizing
hydrogen as a carbon-free fuel in lean-burn internal
combustion engines. In such engines, NOx emissions
become the primary environmental concern, with only
trace amounts of CO, unburned hydrocarbons, and
lubricant-derived ash generated during combustion.
Although advanced engine control strategies can
substantially reduce NOx emissions in hydrogen-
fueled engines, increasingly stringent emission
standards may still necessitate the integration of an
efficient exhaust aftertreatment system like modern
diesel engines. Given the onboard availability of
hydrogen, its application as a reducing agent in
SCR (Selective Catalytic Reduction) of NOx presents
an elegant solution (shown in Equation (1)). This
approach is particularly attractive if the formation of
undesired byproducts that are outlined in Equations
(2)~(5)—can be effectively minimized.

2NO + 2H, - N, + 2H,0 (1)
2NO + H, — N,0 + H,0 (2)
2NO + 5H, - 2NH; + 2H,0  (3)
2NO + 0, —» 2NO, (4)

2H, + 0, > 2H,0 (5)

Hydrogen has been reported to be very active as
a reducing agent for the NO/H, reaction and could
potentially be used to reduce NOx emissions from
stationary sources. Hydrogen is already available in
many industrial units in which various hydrotreating
and fuel-combustion processes for heat supply are
operated. Moreover, hydrogen demand is expected
to increase at a compound growth rate of about 10%
per year and therefore hydrogen availability in the
industrial sector is expected to increase more in the
following years. Therefore, a H,-SCR of NOx catalytic
technology might be considered as a breakthrough
technology against any H,-SCR catalytic processes

that might evolve in the future ®.

2 Experiments and Results:

The catalytic activity measurements were performed
at ITCA (Isuzu Technical Center of America,Inc.)
synthetic gas bench (Figure 1), specially designed for
the evaluation of catalytic activity of the small core
samples extracted from the aftertreatment modules,
under emulated H, engine exhaust conditions, i.e.
higherH,O content(10% — 15%)and H, concentration
in the exhaust (maximum up to 3.5%) in addition to
the other exhaust species that are similar to diesel
exhaust. The gas bench consists of three regions: the
gas feed, the reactor, and the gas analysis system. The

*Isuzu Technical Center of America, Inc.
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gas feed region contains the reactant gases, the mass
flow controllers for mixing the gases, valves such
as check, on/off, and three-way for controlling the
direction of the flows and the water pump to pump
the water into the boiler for steam introduction to the
gas mixture. The gas mix finally is fed into the reactor
placed inside the three-zone furnace. After that gas
passes through the analyzer systems depending on

the components interested in the measurement of the
concentration of gases, as schematically illustrated in
Figure 2. The monolith is wrapped in quartz glass
wool and placed in tubular stainless-steel reactor
flanked by two thermocouples approximately 1cm
upstream and downstream of the monolith.

Figure 1 Picture of Synthetic Gas Bench at ITCA

Mass Flow Controller Gas-Mix

CiHg

o) o4 o4 o4

|| © Cllo M
[%

| ] ] ] | ] ] ] ]

|:| :Evaporator

Furnace

Reactor Sample

Exhaust Gas Analysis
FTIR-MKS 2030

CLD

Ms

Figure 2 Schematic of the Synthetic Gas Bench at ITCA

Conversion of the gases and selectivity were
calculated based on gas analysis by an FT-IR
spectrometer (MultiGas 2030, MKS Instruments)
operating at 1Hz. Light-off experiments with 5C/
min from 100 °C to 300 °C with a GHSV (Gas Hourly
Space Velocity) of 60,000 h™ provide information on
the catalytic activity in a temperature range that is
considered relevant for H»-SCR.
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2.1 Experiment 1 (uf_SCR_aged)

A series of experiments were conducted on
the aged uf_SCR (Underfloor Selective Catalytic
Reduction) catalyst following the standard SCR
testing protocol. The study focused on varying the
ANR (Ammonia-to-NOx Ratio) at values of 1.0,
0.5, 0.25, and 0.0, to assess the effect of reductant
availability on NO conversion and byproduct
formation. The gas mixture included 200 ppm
NO, 1% H,, 10% O,, with the balance composed
of Ny, and the tests were performed at a GHSV of
60,000 h™". The influence of water vapor content
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in the feed gas, specifically at 10% and 15% H,O,
details

the gas compositions employed across the test

was systematically examined. Table 1
matrix. As shown in Figure 3, presence of water
was found to enhance NO conversion during H,-
SCR, demonstrating a beneficial effect on catalytic

performance. However, as shown in Figure 4,
increasing the water content from 10% to 15% at
200°C resulted in a 5% decrease in NO conversion,
indicating an optimum water level beyond which
performance may decline.

Table 1 Volumetric inlet gas compositions for the catalytic activity measurements
at 200°C with 10% and 15% water content
Gas mix | NH3(ppm) | NO(ppm) | ANR Hy(%) Oy(%)
A 200 200 1 1 10
B 100 200 0.5 1 10
C 50 200 0.25 1 10
D 0 200 0 1 10
ufSCR_aged_200C ufSCR_aged_200C
1%H,,10%H,0,10%0,, 200ppmNO, SV=60K h-1 1%H,,16%H,0,10%0;, 200ppmNO, SV=60K h-'
250 25
£ 200 §= 20 2 - 2
g ] 50 ppm NH; % E. 200 ! e E
¢ 150 15 © e i 50 ppm NH, 8
8 Q, ¢ 150 15 5
Q z <] )
T 100 10 = °, =
z S £ 100 10 =
g S st =
g s 5 5 S &0 5 £
o 8
0 o 2 0 o <
0 5000 10000 15000 20000 25000 0 5000 10000 15000 20000 2000 T
Time, s Time, s
* NO ppm * NH; ppm - N;O ppm *HO % - NO ppm * NH; ppm * N,O ppm *H,0 %
Figure 3 ufSCR_aged : NO, NHj3, and N,O concentration at two different water content
ufSCR_aged_200°C ufSCR_aged_200°C
1%H,,15%H,0,10%0,, 200ppmNO, GHSV=60,000 h-1 1%H,,10%H,0,10%0,, 200ppmNO, GHSV=60,000 h-1
100 100
;? 80 ;€ 80
= 70 = 70
I S 60
g 50 § s0
>
=Z 20 g 20
10 [ no N, | 10 [ no NH, |
04 0!
0 5000 10000 15000 20000 25000 0 5000 10000 15000 20000 25000
Time, s Time, s

Figure 4 ufSCR_aged: At ANR=1.0 the water content influences NO conversion at 200°C
An increase of 5% H,0 content reduces NO conversion by around 5%

Notably, NOx conversion performance decreased
by 10-20% below 200°C sample inlet temperature
with 20% H,O in the feedgas in comparison to
7% H,0 in the feedgas. However, N,O formation
remained largely unaffected by the increase in H,O
content between 10% and 15%, suggesting minimal
impact on selectivity under these conditions. These
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observations are similar to the results observed by
Sharp etal®. Additional experiments were performed
under ANR = 1.0, across eight temperature points
ranging from 150°C to 450°C. The resulting data,
presented in Figure 5, show that N,O formation
peaked at 200°C, highlighting a critical temperature
window for byproduct generation.
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Figure 5 ufSCR_aged: NOx conversion and N,O formation impact various H,O content in feedgas at ANR

1.0 in the presence of 1% H,

2.2 Experiment 2. (DOC_Degreened).

The influence of hydrogen concentration in the feed
stream on the catalytic activity of the degreened DOC
(Diesel Oxidation Catalyst) was investigated under
NO/H,/0, reaction conditions. The primary objective
was to evaluate whether localized exotherms could
be induced at the catalyst inlet via H, injection, as
shown in Figure 6, and to determine if such thermal
effects could help mitigate N,O formation. The
test matrix, shown in Table 2, involved varying the
hydrogen content in between hydrogen and oxygen,
as represented in Equation (5), which provides
localized heating and may alter downstream catalytic
reactions.the feed while maintaining a constant 15%
H,O concentration. Experiments were conducted at
a GHSV of 110,000 h". Results demonstrated that a
significant exothermic response could be achieved
even at temperatures as low as 70°C. This behavior is
attributed to the exothermic reaction.

Table 2 Volumetric inlet gas compositions for the
catalytic activity measurements at 80°C
and 70°C with 15% water content

Gas mix | NO (ppm) 0O, (%) | Hx0(%) H, (%)
A 500 10 15 2
B 500 10 15 2.5
C 500 10 15 3
D 500 10 15 3.5
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A series of experiments were conducted to evaluate
the potential for inducing localized exotherms at the
catalyst inlet by varying hydrogen concentration in
the feed over a degreened DOC. Initial tests were
performed with 2% H,, with subsequent increments
up to 3.5% H,. Hydrogen was introduced at an inlet
temperature of 80°C, and the gas mixture consisted
of 500 ppm NO, 10% O,, and 15% H,0, at a space
velocity of 110,000 h'. As shown in Figure 6, a
significant exothermic response was observed at 80°C.
To determine the lowest inlet temperature at which an
exotherm could still be generated, a second test series
was performed by injecting hydrogen at 70°C, while
keeping the gas composition constant. Hydrogen
concentrations were varied at 2.5%, 3.0%, and 3.5%,
respectively. Results in Figure 7 demonstrate that
even at 70°C, substantial exothermic activity was
observed, particularly at 3.5% H,, which also resulted
in a notable reduction in N,O formation. These
observations are similar to the results observed by
Sharp et al . These findings highlight the potential
of H, dosing as a strategy for low-temperature catalyst
activation and N,O mitigation.

WIS 1375



Towards Carbon Neutrality - Synthetic Gas Bench
Study of Performance of Potential Aftertreatment Components for H; Internal Combustion Engine

(a) H, oxidation, sample outlet temperature

(b) NO oxidation
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Figure 6 H, oxidation, sample outlet temperature, and NO oxidation with H, injection at 80°C

(a) H, oxidation, sample outlet temperature

(b) NO oxidation
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Figure 7 H, oxidation, sample outlet temperature, and NO oxidation with H; injection at 70°C

2.3 Experiment 3. (ASC_aged - H,-SCR_concept :
NOx conversion with varying H;)

Aseries of experiments were carried out on the aged
ASC (Ammonia Slip Catalyst) catalyst to investigate
the effect of hydrogen injection at the ASC inlet on
N,O formation. The test conditions included 200 ppm
NO, 8% O,, and 15% H,O, with a space velocity of
110,000 h™". The detailed test matrix is presented in
Table 3. As shown in Figure 8, the graph includes
both the measured NO conversion and the corrected
NOx conversion, which accounts for secondary
emissions by including the nitrogen content of N;O as
unconverted NOx. This corrected value was calculated
by attributing the two nitrogen atoms in each N,O
molecule to NOx that was not effectively reduced.

At 215°C, the introduction of 1,800 ppm H; led to
the formation of approximately 3 ppm N;O. Increasing
the hydrogen concentration to 3,800 ppm resulted
in about 6ppm N;O. At elevated temperatures, a
noticeable decline in NO conversion was observed,

- 109 -

which can be attributed to the exothermic nature of
the H, and O, reaction (see Equation (5)), potentially
altering reaction pathways and active site availability.
Interestingly, both catalyst activity and N, selectivity
improved with increasing H, concentration in the feed.
However, this trend was not strictly monotonic. At
higher H, levels, the promotion of NH; formation (as
described by Equation (3)) can reduce N; selectivity. In
this study, no NH; was detected, even at the highest
tested H, concentration of 5,500 ppm, suggesting that
under the given operating conditions, the formation
of unwanted ammonia slip was effectively avoided.

Table 3 Volumetric inlet gas compositions for
the ASC catalytic activity measurements

Gas mix | NO(ppm) | O; (%) | Hz0(%) H; (%)
A 200 8 15 0.18
B 200 8 15 0.38
C 200 8 15 0.55
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(a) NOx and N;O conversion rate

(b) N,O formation
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Figure 8 N,O formation increases with the increase of H; at the exhaust

A set of experiments was conducted under ANR
= 1.0 conditions, with 500 ppm NHjs in the feed, to
assess the impact of hydrogen presence on ammonia
conversion. Tests were performed at a space velocity
of 110,000 h”, both with and without H, in the gas
stream. As shown in Figure 9(a), the presence of
H, was found to have a beneficial effect, resulting
in lower N,O formation during the SCR reaction,
while maintaining effective NHs; conversion. In
a complementary test sequence, NHj-only feed
experiments were performed to compare performance

with and without H,. Results, shown in Figure 9(b),
indicate that in the presence of hydrogen, NHj3 light-
off occurs at a lower temperature, demonstrating
enhanced reactivity at reduced thermal conditions.
Additionally, the temperature at which the N,O
formation peak occurs also shifts to a lower range
when H, is included in the stream. These findings
suggest that hydrogen not only facilitates earlier NH;
activation but also alters the temperature profile of
byproduct formation.

(a) ASC_aged_500ppm NHs; 500ppm NO w/ 1500 ppm
H; and wio H,; 8% O,; 10% H,0
120 200
100 : 173 §
4% 150 =
= 8 : 125 &
Z ; -
g 60 : 100 E
Zw / ™ q
; 50 =—;
20 . /j 25 g
0 Lt it —— 0
0 100 200 300 400 500 600
SampleInT(°C)
*NH; conv w/H; %  *NHjzconvw/oHy; %  =N;O wiH,
*N,O wlo H, *NO,,w/H, vl

(b) ASC_aged_500ppm NH; w/1500ppm H;
and w/o H,; 8% Oy; 10% H,0
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Figure 9 (a) NH; conversion at ANR=1 with and without H,.(b) NH; oxidation w/ and w/o H,

- 110 -

WIS 1375



Towards Carbon Neutrality - Synthetic Gas Bench
Study of Performance of Potential Aftertreatment Components for H; Internal Combustion Engine

3 Conclusion

A comprehensive series of experiments was
conducted using the catalysts typical of diesel
engine aftertreatment under exhaust conditions
representative of H, ICE (Internal Combustion Engine)
and supporting aftertreatment system. Catalytic
activity was evaluated on aged and degreened
samples across various configurations (SCR, DOC,
and ASC) to understand the role of hydrogen, higher
water content, and temperature in NOx conversion
and N,O formation.

The results indicate that the presence of hydrogen
in the feedgas significantly influences both the
catalytic activity and selectivity of the system. For
the aged SCR catalyst (uf_SCR_aged), excessive
water content (15% H,O) resulted in a slight
performance drop at 200°C. However, N,O formation
remained largely unaffected by water content but
exhibited a temperature-dependent profile, peaking
at approximately 200°C. The degreened DOC (DOC_
deg) demonstrated that localized exotherms could be
effectively induced at low inlet temperatures (as low
as 70°C) through controlled hydrogen dosing, offering
potential for low-temperature catalyst activation.
Furthermore, these exotherms were correlated with
reductions in N,O formation, suggesting a thermally
mediated enhancement in reaction pathways. For the
aged ASC catalyst(ASC_aged), modestN,O generation
was observed with increased H, concentrations while
the overall NOx conversion performance improved.
No ammonia slip was detected, even at elevated
hydrogen levels (upto 5,500 ppm), demonstrating that
H,-SCR could be implemented without compromising
downstream ammonia management.

These findings collectively highlight the promising
potential of hydrogen as a reductant and thermal
promoter in future decarbonized aftertreatment
strategies, supporting improved NOx conversion
efficiency and reduced secondary emissions across
a broad temperature window. Further optimization
of H, dosing strategies, in conjunction with tailored
catalyst formulations, could enable robust compliance
with tightening emission regulations in hydrogen-
fueled or hybrid diesel powertrains.
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Abstract

Al (Artificial Intelligence) is rapidly transforming logistics and commercial mobility. As ISUZU advances ISUZU
Transformation - Growth to 2030 (IX*') strategy, Al emerges as a foundational enabler for DX (Digital
transformation), CN (Carbon Neutrality), and customer-centered mobility solutions. This paper reviews industrial
challenges, state-of-the-art Al research and applications in logistics and mobility and proposes a unified, agentic
Al-centric solution that can integrate ISUZU’s autonomous driving solutions with connected fleet management
solutions. Emerging Al frameworks—including world models, agentic Al, federated learning, self-evolving
systems, and explainable Al-are pushing the boundaries of reasoning, adaptability, and real-world execution.
Among these, agentic Al can be a rare opportunity for ISUZU to make new business breakthroughs. Despite
significant Al adopt progress in areas like vehicle diagnostics, route optimization, energy management, and
autonomous operations, current market solutions remain fragmented. ISUZU can create unique leading edges
by integrating these capabilities into a unified solution, leveraging agentic Al.The proposed unified solution with
agentic Al directly supports IX goals in safety, efficiency, sustainability, and customer satisfaction, giving ISUZU
a competitive position as the first mover capable of deeply integrating autonomous driving technology and

connected fleet management solutions.

*1IX (ISUZU's mid-term management plan “ISUZU Transformation - Growth to 2030")

1 Introduction

1.1 Industry Challenges

Logistics and mobility markets are growing.
According to Precedence Research in 2024, the global
fleet management market is expected to grow from
29.30 billion USD in 2025 to over 70 billion USD
by 2034"%. McKinsey Company stated the global
autonomous truck market can exceed 616 billion USD
by 2035®. The firm also stated that by 2035, truck
OEM-relevant profit pool can grow from 3.2 billion
to more than 10.4 billion by offering new mobility
solutions, which is triple that of one-time vehicle sales
revenue”. But persistent challenges appear across
long-haul, regional, and last-mile deliveries.

There is an undeniable driver shortage, with the
US lacking 80,000 drivers in 2023 and the gap
expected to double by 2030". Japan anticipates a
36% workforce decline by 2030’ and Europe may
face a 745,000 truck driver shortfall by 2028%. At
the same time, fleets must navigate increasingly
strict labor and safety regulations, including Japan'’s

960-hour annual cap and US FMCSA (Federal Motor
Carrier Safety Administration) HOS(Hours of Service)
rules “®. Environmental pressures are pressing as the
governments and customers demand lower emissions
and carbon footprints, prompting adoption of electric
and alternative energy vehicles. Rising operational
costs, such as fuel, labor, unplanned maintenance
and empty miles, continue to reduce operation
profit margins - especially in cold chain and time-
sensitive logistics. Meanwhile, supply chain fragility,
revealed by pandemic and climate events, has driven
a shift toward decentralized and regional based
distribution models which require more granular
control and better planning visibility®. The expansion
of connected platforms and cloud systems has also
escalated cybersecurity risks, promoting customers to
adopt new tools for protection and data governance'”.
Finally, customer expectations are evolving rapidly:
demands for real-time visibility, autonomy-enabled
delivery and dynamic routing are increasing the
service standards and bars.

*Isuzu Technical Center of America, Inc.
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1.2 Current Market Solutions

In response to these challenges, companies have
developed a range of operational technologies,
many of which use Al-powered tools and digital
AD (Autonomous Driving) and ADAS
(Advanced Driver Assistance Systems)can bridge

platforms.

labor shortages and increase driving safety. Fleet
telematics and connectivity services support real-time
diagnostics, cargo tracking and predictive analytics
for ETA(Estimated Time of Arrival) optimization.
Predictive maintenance systems use vehicle sensor
data to forecast failures and schedule proactive
servicing, reducing costly downtime. To meet
sustainability demands, OEMs and logistics providers
have introduced electric trucks, carbon-tracking tools,
and carbon offsetting programs. Smart warehouses
now rely on robotics and simulations to streamline
inventory flows and optimize fulfillment operations. In
urban context, last mile delivery is being transformed
through drones and infrastructure for congestion
relief. Meanwhile machine learning-based tools are
applied for dynamic pricing, load matching, and
route optimization to cut empty miles, improve fleet
utilization and profit margins. On the data security
front, blockchain is being used to enhance supply
chain transparency, while cybersecurity solutions are
safeguarding connected logistics networks.

1.3 Market Gaps

Even though current tools are effective at
solving individual logistic problems, they remain
highly fragmented and domain specific. Predictive
maintenance, routing, AD/ADAS, compliance and
energy management often operate independently,
leading to missed opportunities for cross-functional
optimization and many costly logistics issues
remaining. In fleet operation and management
domain, inaccurate prediction cost 1.1 trillion USD
per year(11). Accident liability which involves a
medium/heavy truck costs at an average of 148,279%
per accident(12) and unsafe operations erode profit
margins. Regarding the autonomous driving solution,
it requires 275 million miles to demonstrate its
safety(13). A simple math of 1.5 USD/mile cost of
operation leads to more than 400 million USD in
autonomous vehicle’s validation alone and makes
autonomous driving a costly development.

Compared to other companies, ISUZU has a
unique technical and business combination in
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commercial vehicle engineering, autonomous driving
development and connected fleet management tools.
Such growing markets, with costly logistics issues to
solve, create a significant opportunity for ISUZU to
lead by offering safe, efficient, precise and scalable
logistic and mobility solutions.

2 ISUZU's opportunities to leverage Al

2.1 Autonomous Driving Solutions

A key trend in the evolution of AV(Autonomous
Driving Vehicle) solutions is the shift from disjointed,
modular pipelines toward a unified and E2E(End-to-
End) Al architecture. This progression is illustrated in
Figure 1, which depicts the technological evolution
from AV 1.0 to AV 3.0. Each stage reflects increasing
integration, reasoning capability, and real-world

robustness.
AV 1.0 Muti-Stage with CNNs
Rule
SINML L based Control

Perception Prediction

Planning

SOTA ML ML Prediction & Planning
: Control
Perception (transformer)

ML Perception, Prediction & Planning Control
(one transformer)

AV 3.0 LLMA/LM Enhanced End-to-end

LLM/VLM integrated Planning

Figure1 Evolution from AV1.0 to AV3.0

AV 1.0 relied on a traditional modular design, with
separate components for perception, prediction,
planning, and control. While this architecture was
stable and interpretable, it required extensive hand-
tuning and interface engineering between modules.

ITCA (Isuzu Technical Center of America,Inc.) has
made significant contributions to this paradigm,
publishing numerous papers on AV 1.0 topics
including scenario generation, trajectory planning,
and perception-prediction pipelines, for example,
ITCA implemented reinforcement learning algorithms
alongside MPC(Model Predictive Control) to enhance
the lateral control performance of autonomous trucks,
validating these models through real-world and
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. . . 14)(15
simulation-based testing""* "

AV 2.0 marked the beginning of a shift toward end-
to-end learning architectures, where neural networks
replaced manually engineered interfaces. With the
emergence of transformer architectures, Al began to
unify perception, prediction, and planning through
shared representations and attention mechanisms.

E2E frameworks reduced system complexity and
enabled scalable training across large datasets,
promoting robust generalization and behavior
understanding. Compared to AV 1.0, AV 2.0 reduces
module-to-module error accumulation and enables
more cohesive, data-driven decision making acrossthe
stack. ITCA is actively advancing AV 2.0 architecture
through ongoing projects. These projects focus on
transformer-based prediction and planning systems
that emphasize interpretability and computational
efficiency, with performance improvements over
established baselines such as Wayformer'®.

AV 3.0, now at the research frontier, incorporates
LLMs(Large Models), VLMs(Vision-
Language Models), and xAl(Explainable Al) into

Language

autonomous systems. These models improve decision
robustness, interpretability, and real-world reliability.
AV 3.0 systems are designed not only to perceive
and plan but also to explain their reasoning, adapt
to novel situations, and collaborate with human
operators, enabling higher-level reasoning, human-
Al interaction, and explainability, enabling safer
and more adaptable operations in complex logistics
scenarios.

Asthe industry transitions to AV 3.0, the demand for
high-quality and diverse data increases significantly. 2
key technological directions have emerged in parallel
with AV 3.0 development: Generative Al and Physical
Al. These technologies offer scalable solutions for
generating data, simulating environments, and
validating autonomous systems before physical
deployment.

Generative Al has become essential for creating
synthetic driving data and virtual scenarios. These
models can simulate complex delivery environments,
reconstruct rare or hazardous accident cases, and
generate edge and corner conditions, allowing to test
AV stacks with rare and safety-critical cases'"”.

Sim2Real and Physical Al further bridges the gap
between virtual validation and real-world deployment
of AV 3.0. Physical Al refers to the deployment of Al
models directly onto embedded hardware in vehicles,

- 114 -

warehouses, and infrastructure, while Sim2Real
enables those models to be trained, stress-tested, and
optimized in digital twin environments before rollout.
NeRF (Neural Radiance Fields)and 3DGS (3D Gaussian
Splatting) allow photorealistic scene reconstructions,
enabling improved scenario realism in simulation-
based testing. This is particularly relevant for AV and
robotic systems, which require greater reliability,
adaptation, and environmental coverage''?

ITCA has been actively engaged in these frontiers,
with several multimodal Al and simulation workflows
under development. One notable effort is the 2025
joint publication with the University of Michigan’s
MCity, where authors applied a generative simulation
platform to evaluate AV behavior in long-tail and
adversarial scenario, which is an example of state-
of-the-art Sim2Real application"”. These initiatives
strengthen ITCA's position in developing scalable,
intelligent, and resilient AV systems tailored for real-
world logistics deployment.

2.2 Fleet management Solutions

Traditional intelligent fleet and logistics systems
are typically built around modular layers—sensing,
learning, modeling, and managing, leading to
fragmentations in data and functionalities. As
ISUZU transitions toward intelligent, autonomous
and sustainable operations, a shift is needed: from
fragmented fleet management functions towards
unified optimization using all logistic informatics
across diverse logistic networks as shown in Figure 2.

Suppliers / storages / containers network

0y [ £0n

transportation network

Traffic Condition wmwd

Road Safety ﬂ ' l I
)

business network

=)

060
T

End customer network

Logistic World Model
understands

Supply and Demand

Figure2 The logistic world model which
understands the dynamics across diverse
networks from supply to demand and
anything in between
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A world model is an Al framework that simulates
real-world dynamics—such as goods and cargos’ supply
patterns from supplier and storage networks, demand
patterns from business and customer networks, traffic
flow, congestion and road safety from transportation
network—to support predictive and adaptive decision-
making. It enables logistics systems to reason across
time and different traffic context, powering unified
fleet planning. Federated learning complements this
by allowing models to train on decentralized fleet
and regional data without sharing raw information,
ensuring privacy while enabling continuous, localized
optimization across all logistic networks.

Unlike domain-specific tools, the logistic world
model enables comprehensive understanding and
decision-making across the full logistics cycle—
forecasting supply and demand, predicting traffic
evolution, and assessing road safety in a unified
architecture.

World models can simulate future demand
fluctuations across multiple logistic networks as well
as predicting how traffic conditions could evolve over
time. LLMs trained for supply chain applications can
improve inventory planning. Retrieval-augmented
LLMs(RAG) like OptiGuide®® let operators ask “what-
if" questions to evaluate disruptions or delays. QTNN
(Queueing-Theory-based Neural Network) from
Sumitomo can simulate and boost Tokyo's traffic
congestion forecast accuracy'®. This paper utilizes
graph neural networks to model supply/demand
interactions across networks, improving planning
precision in complex logistics. These examples justify
current state-of-the-artdeep learning and transformer-
based Al can allow ISUZU to build a comprehensive
logistic world model and to anticipate logistics flows.

In the age of classic machine learning techniques
and traditional fleet management solutions,
ITCA had developed CNN(Convolutional Neural
Network)-based perception systems and LSTM(Long
Short-Term Memory)-powered models for vehicle
health monitoring and parts’ remaining useful life
forecasting, supporting predictive maintenance in

© Moving towards the state-of-

fleet operations
the-art world model age, ITCA is actively proposing
projects towards a unified logistic world model and

decentralized federated learning.
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2.3 Unifying Autonomous Driving Solutions and
Fleet Management Solutions with Agentic Al.

2.3.1 the proposed Agentic Al framework

As discussed in Section 2.1 and Section 2.2, AV
systems and logistics planning platforms have each
advanced rapidly and showed unifying trends within
themselves, they remain largely separated in current
markets. Full value of autonomy and digital logistics
operations can only be realized when these systems
are unified - operating in a shared framework of
planning, execution, and continual feedback. Unifying
these solutions can provide ISUZU with a competitive
edge.

A critical enabler of this integration is agentic Al

- a framework where multiple Al based agents can
perceive, decide and act across systems autonomously
and collaboratively with targets and goals. In our
vision, AVs serve as execution agents that work, sense
and report data in the real physical world. The logistic
planning system, enabled by logistic world model and
optimization tools, serves as prediction, planning and
decision-making agents that predict logistic situations,
assign tasks, adjust plans and manage resources.

Agentic Al framework uses LLMs, xAls, CoT (Chain-

of-Thought) and GoT(Graph-of-Thought) to support
its multi-stage decision workflows. These models and
methods allow agentic Al to have strong reasoning
capabilities and can handle long and complex tasks
step-by-step. It also allows Al to provide human
interpretable reasons and logical explanations to
justify its decision-making process, giving logistic
users confidence in the agentic Al proposed plans.

Planning and decision-making agent, powered by

logistic world model, handles tasks such as:

e \Vehicle grounding and routing based on AVs' and
human drivers’ safety constraints and traffic rules,
predicted traffic congestion or disruptive events

e Updating ETAs and providing customers with
traceability

e Rescheduling deliveries to reduce further delays,
which might be caused by unplanned events in
the real world

e Allocating fleet assets in response to real-time and
future vehicle health status and cargo status

AVs as execution agents take planned operation

routes (e.g. from location A to location B) and can
handle tasks such as:
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e Perform precise and safe fleet operations

e Detecting real world safety-critical events and
traffic participants’ behaviors

e Using AVs' verification and validation metrics to
influence planning decisions

e Feeding operational data into simulation and
enabling Sim2Real for cost efficient and safety
prioritized Al deployment

2.3.2 Unified Benefits

Integrating autonomous driving systems with
logistic world model based fleet planning enables a
shift from fragmented tools to a unified, agentic Al-
centric solution as shown in Figure3.

World Model

Federated

Logistic World Model

AV 2.0/3.0

4
- - -
g & m
<
l \

Autonomous driving

solutions
Connected

Agentic Al
services

Figure3 A unified, Al centric solution and its
related Al technics

Segmented logistics management tools and Als
often lack vehicle-native, comprehensive, and feature-
rich feedback from autonomous vehicles' advanced
sensors. Therefore, traditional fleet management
tools have limited information to prioritize safety and
do not necessarily align with vehicle safety designs.
In contrast, to unify autonomous solutions with
logistic fleet management solutions, traffic conditions
and safety related monitors from AV development
(e.g., disengagements, edge-case detection, unsafe
scenarios) can be directly reflected in logistics
decisions, enabling safety-aware fleet routing and
schedule reallocation.

Such a unified solution allows a comprehensive
view of all data and data sources, enabling a true
logistic system level optimal plan. In this architecture,
vehicle-level data - such as traffic behavior, energy
use, and safety events - continuously flows in from
AV deployments. Traffic congestion, cargo status
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and logistic demand and supply are continuously
monitored and predicted by logistic world model.
Based on comprehensive global information from
both sides, agentic Al framework makes optimal
planning decisions for AV operations. The result is
an efficient and safety-aware logistic planning and
precise autonomous execution system.

4 Conclusion

This paper analyzes the key challenges faced by
logistics and commercial mobility customers and
proposes a unified, Al-centric solution that leverages
ISUZU's combined expertise in vehicle engineering,
fleet management, and autonomous driving
development. While a variety of digital tools exist
today—sauch as predictive maintenance systems, route
optimizers, and autonomous driving —these solutions
largely operate in separation. As a result, they fall short
in delivering comprehensive operational optimization
across planning and execution.

To address this gap, this paper proposes an
integratedsolutionthatfusesAV2.0/AV3.0technology
stacks with a logistics world model, orchestrated
by an agentic Al system. This architecture enables
ISUZU to not only generate optimal operational
plans but also execute them autonomously with
full awareness of real-world logistics dynamics.
The key differentiator lies in the deep integration
of various systems: no other company today has
developed a fully integrated agentic Al framework
that bridges both autonomous driving and fleet
business intelligence. Fleet management software
companies lack an autonomous driving business while
autonomous driving companies are focusing on AVs'
safety advancement and either lack the deep vehicle-
native integration, such as health diagnosis and
prognosis, or the business developed in commercial
fleet management with deep commercial customer
understanding.

Al technics and tools are emerging nowadays.
By acting now, ISUZU has the strategic opportunity
to become the first mover in unified agentic Al for
commercial mobility—creating a unified system that
continuously learns, adapts, and delivers measurable
value across planning, safety, energy, and operational
efficiency. This would offer a lasting competitive
advantage in the rapidly evolving logistics and
autonomous mobility market.
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Abstract

New ELF, which underwent a full model change in 2023, newly adopted ISIM for AMT. The outline of this
technology has already been introduced in Isuzu Technical Journal No. 135. This paper focuses on the characteristic
gear train structure of MYR transmission, which is a nine-speed DCT adopted in ISIM, and introduces the process

that led to the creation of the idea.

1 [EU&IZ

WIS TIERT VI DIREMERU T —I—RI0
THEER LD Z—X(ZIG A 576, BN HREE(AMT :
Automated Manual Transmission)Di#4L (2B D #8
AW TETz, iiFE, HRNGHRREMSEIRICAIFTIZE
EAMNERL TWB—AT. MRERTIFEFEHEEI(eO
V—R)DERICLZMREDIEMICHIZ 2024 F 78
(CEBFAGERTAN—REICEAE L. BXENDIE
THERBEGO>TULS,

FTNSDEKRIZICZ BT EIEREFE DL
NBEEEZ, ERLULERMZEN L. #EIODVZ2
PILESURZvoarER—R B ULIER L—
Y—ExH5. BEZREEZEHDODCT(Dual Clutch
Transmission)DREFEICEF LTz,

AKIETIE. 23FHTILTICISIM(F77 1 2 A lsuzu
Smooth Intelligent TransMission) D& @B THRA S
NZ9RDCTTHBAMYRNS Y X=ZwvE 3 > (H1)D
FYALAVBEICDOLWTRENT .

B1 MYRMZSRZwIIZAYvEETIL

2 BEEOHEL

BHOD—DERBIDGRNZ YAz Y3 oA6F
VERHEEPL, ZBRILTEHIETHD. maT VR
(CRBETRFICI I EEmHBEMFH UREZNET
BEHIZFE. FS ORIV I OFVYLIAETA
RL>TET 20BN DS, LH L. BUFVEHED
FEVARL I TBERF VLD ARDERRZEN
A0 BREQFFEF DD DEMADOMNEBLT B, £LD
TERIIZED DA RLUTEERS T2,

RIZEREED MLV IIRITOBETH D, BRI BIZ
FTSVFE—EYIDEL. T VEANBREZHEIC
BEISYFEMET DN, COBI>I>OERED
WY1 VIIEDE5GW. REIDAL—Y—ExTIEIh
SDBRENBE TITHDONDH. R4 /IN\—HEX
LEWSIA SV TERT B EEBMBEEZ S EN
Hof. TNEHHSKRICEVTIEVYZa7ILE—R
ZEIRT B ETHIGLTED . BEBHETERED A Y
MAS—BBEEEDON T LW, LiEA2 T, 1 —3I—K3
A THREDRE L (ZIFEREFD MLV IRIFTEEART R
THhD. DCTZRBIT B ETHRAER D2,

DCTOEEFIEEZR2(ZRYT . DCTIEHFHFT VA
EBBFVER. Z 20U YFERBATVS, TH
FVYBREISYFZEMELUETLTVSREIC, RIZHE
BI 3BT VRELHSNUHERTILITNT S,
ZRFZDDUSYFERIFIEZDZETITDS, 2D
EMEETHFT VEREBHRFT VERETREICRDIRY Z
EZED RMILIIRIFTORELEIHI TE. NHRFOIEE
[CEBRNMITHONBIRICHENTHE RILTIRITDELX
L—XGENERMATBE & 755 (R3).

* 2y EGETE B~ BRE R mIbE - BXEHED

- 118 -

WIS 1375



ISIMFV LA > D71 77 RILRZRE

(FL>T )

CLUTCH2 2nd oy 4th

(OS5 v FEEBEZR)
CLUTCH2

EVEN
ES
OoDD '|

CLUTCH1

CLUTCH1  3rd

M2 DCTZEFIE

5
->

No torque Sth DCT
interruption

. Smoother Ex
——e"4h

3rd

7
Y i Torque interruption
2nd
Torque interruption

Time
K3 HERMEEDELER

Vehicle speed

v

3 FVPELAUBENDEK

FSWORREWTIFEHBZMRT 5 I EHHFET
D bRz ATOYA XMFFEETRE
THhd, ZERILTDEODICIFEMEINEF Y
MEAMENT B, F7z. DCTTEFEHFVERE SMEH
FYERAOEWVWCHIILIEF VAL A VBIENBET
HO. REWICEF2EORSVRZVI32EETS
FOGFEEDTH B, HEERALOERZHZLDOD. ~
SUAZYVIIZOYA X e T B72HICIFFHT7E
FY LA oBENBETH .

4 FYRLAUBEDTATT

o RZwIavFEARBCF VY hEFY)
BHEEHARICEAERTEBRSNDZH., IN5
DREBEHAT A XNCFET D, KBIDAL—TF—EXIZHE
HSNTLWAMYES > RZYvoaryoFvALo
>EMAICRT  LRADHFIFF VY ML IARAD
HFFFVYEBEREBOREZRT  MYYETVRXZY
> avmBa. Tty MCTE BB AETE
BENTHED., COBBMNELBROR—EHES,

AAEAOEZFMEB L TVWEFVEERT, TV
LIFGEA Ty RV TRDSATYT T EA
DIREDF VLY hE, ATYIVTRDSAA
Vv T EAD2BEEDFVYEY A ZOZODFY
v hOEFEDEICEDRES, MYYET R Y
2IVIZBFBREFVROBHFEDEERITRT,

- 119 -

1BREDF VLY FORFEFVETHEAL. 2BED
Froy hEBRITZZETFVREYNDEZ S, 2
DARFA Ty RIS T aARENL, REIZ
1BBODF vy hE&ERL. 2BEDF VLY hEH
B3R Ea7ONTYy NSO 3 AHEND,

M4 MYY RTILEZE

&1 MYY ¥VvEy ~OEHEDE

LA Counter—OutputF175)

) ® @ ® ® @
076 | 113 | 190 | 3.31 | 3.15 | 0.39

4th 3rd 2nd 1st Rev 6th
1.81 | 1.379 | 2.040 | 3.434 | 5.979 | 5.701 | 0.708

F175
®

Input—
Counter

4.1 DCT2FV kLT~

ZERDCTOMZE(F. WT SHRAETM THEITLTIT
ONTED. FV LA VBEIFBECIRESN T L,
KEV LA BIEIIDCT2EMT B, VL1
ZF5(2. Frty hOBEFEDBER2(CRT,

DCT2(E1st~4th X U5th~8th T2ERBDF V7w
NEHBIZ7IONTY RIS O3 AR TH S,
BRICZERILLTLBA. FV Ly MG EMYY
ZURAZwravicg UM GEL, —A. T E
BESECNMBEZOWNBERBOEEIE LTIEA—TH
%,

U 7Oy RIS 3 ARTIE 1REB
DF VLY b TEIFVRICIEUE NV (CEBE N,
2EBEEDF VY MRS G RILINANDEN S,
ZORR. FTVREZRIFET LOHICEBOILK X
BERIMEDEIEARD SN, 2EILAT ZMERTH S,

Fe. FVUBHBEIRET ZEHICE. TP —
L. T7RAYRRGHEBEI DR ETSHD.

WIS 1375



ISIMF7 ~L 1>

D7 A T7RILRZE

INSZFVONBICERET 2BENS ST VRZY
DY RXICEEERIFT, BITHEER LI
T DMERREEM T B HF VB EBERDIE
MIFERETH S,

© P

© @ @ @
®5 DCT2 27 hVE

&2 DCT2FVvtyhkols#Eaht

FrLzA Counter—Output++753l
@ ®
0.94 3.07
® 6th 2nd
. 1.46 1.341 4.364
‘g_ @) 8th 4th
gx | 079 0.723 2.353
%] o Sth 1st
32 | 1.9 1.840 5.983
C
= @ 7th 3rd
1.07 1.000 3.252

4.2 DCT8FV kL1~
ARELTA YTy RIS O3 AKDODCTE
MLz, TNEDCTSEEMT 5, TV L1 2%
K6z, FVtv hbDEAEDEERIIZRT,
BT VERERUBHTVERICSWVLT. BRIIZ1EB
DFVLEY ~EHBT S, FVy SIFBHETHD.
MYYRS U ZRZwaaricgUIEE<5%5—A. F
VBB IZ4BE TR —ThH . SRICBRILLTLS
FODOF vy bAMENT 22 EFRETH B,
Tty CEHERT 27012, @F vt hE4th
2. ®@F VLY hE6thCTHEIZZEETRETH
BN ZDBETLI TN TETS . —EBOERICH
WTRILIIRIFDEU D Z ENDRBEEED,

- 120 -

ad

v
@

4
+P- addd
T

Qh A
R

D@ 6 @6 ® @ ®
B6 DCT8 X7ILhVE

#3 DCT8 ¥VtwvhofEmxEabhtE
FrLSA

Counter—OutputF17%l|

©) ©) ® ® @
0.56 | 1.63 | 0.94 | 3.31 | 1.63 | 0.94

@ 8th 2nd 4th 6th
0.737 4.334|2.140 | 1.235

©) 7th 3rd 5th 1st
1.781.000|2.903|1.676 | 5.880

F1751
w
=

Input—
Counter

4.3 MYRFV LT~

431 PATF7D&ERE

PONTy IS aARDDCT2EA Ty
NSO 3 ARXODCTSDEESEHRET 3H\.
FTNENICH R ERBNA DD AR EROSNT 2LV,
Z>5 L7, IDCT8IFU/N—XBF Vv ~OBBED
HPINTYRNIS TSI THD EOREN
RSNz, DCT8IF1 > Ty cUSIa>AHE
BEARELTWRH, FVYBKBORZEHIRT 5726
[CUN=ZBOFVLY NIIERBICEREL TUL\5,
CORICHEWTFETINTY RIS T avARER
OB TH DTz ZODMARGEWV—EN. TDCTIFEFH
FTVYRASBHFVVREAOD-ZDOLSYRZIVvI 3y
EHIBELEOGEDTHD. mEHNRBIT LERALAR
THHBEIFEVL] EWSERBICEST, ZOEED
MYRRZ 2 R=Zwoa>DF VL1 2UBEDT A
FT7RIBIC DG o7z, FVALAVERTIC. £V
vy hDHEAFEDEERLIIRT,

IN—= IR BEFTVERIIDCTSEAED A >~ T
NSOV AERADFVEB TER L TLWS, T
FVYERIE. 2ndEHABLTUVWDIstO2EBEDF Y
hZEBRE. DCT2RABKOIMEDOF V7w L TER L TL
%, BHFVEROFPROF VLY MMITEREE2ERED

WIS 1375



ISIMFV LA > D71 77 RILRZRE

mMADEZEEBL, COFVENLTA Ty hav T
METPORTY R v T NEEBR L TERE(7th)
EBREITBZEEDCT2OEZATHD. ZDEFE
DEBICEDIBNDZEILZERRLDD., FVv
H(F7H. TYUBEBEIMBEEMYY RS RZ v 3
VER—DEERICMZ B ZENTET

A o
A DA b
o o
A
L@ ® @ 6 © @

K7 MYRRTILEZHE

#®4 MYRFVLvhkofiasaht
PLSA

Counter—Output+1773l

O] ® ® @
0.57 1.63 0.97 2.93

5 | © | sth | 4th | eth | 2nd
£ |135]0763 2189 | 1.304 | 3.941
ST @ | ot | sth
Tir|1.03 | 0585 | 1.679
2 [ @ | 7th | 3 1st
S | 176 1.000 | 2.868 5.162

4.3.2 BREZRHDHIR

ZODOAHEMRAHFEDE DT ETDCTSIZR L TIE
Frtw hEIFEELR L. DCT2IZ% L TIEFHE&#
BEIVEERTE. ZNETNORBERRLUT,

DCT8 TIEHFRFVEX(3rd~6th)D2ERBEDF 7w
MR FVERBERTH DI RETIF4th(ZHEWTH
HFVERO2B(3rdRUSth)EHBT 52 & THI
BLUEZOF VY k).

DCT2T(FEA 7G0Ty T RLIIRIFDZL
BREFIRT B7012. FVUBREHNSELETH D
2o FVYBHBEFVETERICEBESNLZ2EOF
Vv hEBIRATEETH DN, DCT2TIFREIDOH %

- 121 -

FBLTLWBHNRR (SN, RETIEF VY ~
Z1MEBML. 2 TOFVHIBEEEmAR CERT
BEL2CF oy hDEBEZIXRLERER. T VE
MEEAEETBRZENTER, ZOITERO—DOH
DCT8EEFD U /N—REF VY ~DEBTH S,

4.3.3 FVEREBDEM

DCT8TCIF. EHFVERDIRETEAL LS+
Y hEBBFVERO2EEDF VY bELTHA
TBHIET8thEWEL., Ty hEZEEOIT L
GLFVRZIREML VS, AETEFEHFT VR
DIRBELTERALTLS@F VY hZRUSH
FYRO2RBELTERT S I LT BElXFVERY
ZIBEMUL. 9thZzBRELTLS,

INEFRCFVERHMZEMTELEITTEHLL, F—
NRSATFVA2BREG>RZETT7AFILFY
LIAZRET B LTERREG 2Tz, BFVHLA
2OLIANINL—TZERBIZRT,

J7AF)LF V%t

ad
| 3434 2040 1379 1.000 0.708
MYY6Z 4th

5.979

5.983 4.364 3.?52 2.353 1.840 1.341 1.000 0.723

5.880 4.334 52.903 2.140 1.676 1.235 1.000 0.73?

5.162 3.941 524915 2.225 1.706 1.304 1.000

0.763 0.585

- =
TP A FILET LR BEEUH

M8 BFVELAOLZFANL—

NSWUIERERICEBE2NTVEFERT 5, &
DCTFVY LA YE(F2nd~FRBFTVERETOL >
FHINL =TI ZIRTETVBH. FEFVEROL Y
F(EDCT2. DCT8ELHICMYY AT Y R=Zwaarv e
BECHD, IV VOGHBZEMATREZNET S
EOHET7AFIVF VLA ZERLTIREND D
o UML. IIWT7TERBLTWS 771 FILFVL
SAFBRTRMEDERESNTH D . /BID/\J T —
SIAVERATETARLIAILDMBEE+2ITED
FTIEMNTEGN DT ZNIZHUARETIFE. -/
R4 T7FVA2BREGDREFVEROL > ABMAD
ELTGEDOTWBESD., 774 FIFVLIAZEEE
FEERBUENRIAD D, HEMZRIRT B8
T7AFIWFVLIAPFERLTE2REN D >TEHBEF
DN I =23 THRABETH D7z,

WIS 1375



ISIMFV LA > D71 T 7RILRZRE

4.3.4 JL>7 ORI

E55F vy bOHIBAEELTOFVYEY D
HIREMRST Lze @F VP w MEothTOIMERBL T
O, OF vty hzZ2BBODF VLY ~EL TER
TNEB—DF VL FEGDH. FTVEROBER
(FEZZNFHIRIFTBETH D7z LA L. @F Y
NES5thTHEBERALTWLWS 8. SthETHIC6thD
TL T RN TET . MILDIRIIAFEET B, LizhiD
T. ©F vy MEIBRERTRTHD. BIRT S
EFTEGEM DT
RKEFETOFVERTDCTIZRELGTL T A
AEETH D, CNFF VY CRUFVUBRBOE
EHEMBZIXRTSIET. BRERINEOEBRER
HTEIR U RECEFVETOTIL YT MFIEZR
9,

®5 MYRZ7L>7hMFIE
o EBiHiEFR O : IFHmiE
#F | JL |J5VF | Sv&Hub1 | SIV&HUb3 | SIV&Hub2 | Sv&Hub4
FV I Modd|Evn|Ft I N Rr|FtIN IR |Ft N IR FUIN R
Rev 2nd | #& - [) O
1st | 2nd | & - ) O
1st r

ERE:
nd oy =

©Ole ole|®

2nd
B -
3d | ™

3rd
- =&
T “
ath [ g
6th

5th -
6th 7ih %=
6th .
8th
7th

- E
8th oth

oth  8th | & -

Ole @O O|®|O

Y e
00

5th

Ooecleoee
Olee

olo o|dt

I
Ole e

7th

oleelo

o0 00060

® (O
Olee

4.3.5 8

—DO0FVy CAMEBBE E2BEBOMAEDRE E
HOTWBZEICRAT 2 HGREEHR SN,
K9 (Z6th TEITRIZ7Tth=>5th~ "D TL T T ~ZETS
BROBBDEEHDA A—TZRT

- 122 -

{ch=zan)
|
N i \_SLV3 Stroke.
|
|
i
Floating |
Gear Rev. | ™\
--_‘--___ wﬂ?ev.
B BB <
Input Shaft Rev. > ONRERA

B9 7th>5th7L 37 b1 A—J(KREH)

OF v MRFBTIETZA—T 1 I FV)E 7th
S5thAD 7L T RBFCA Ty Ao v 7 MEY
DEEENS 7o =Ty v 7 MMEMOBEERE TOl
¥ ES|IE LS BREND S, FDH. T E
EHNSWVRRTTL T METS EFVHIBHER
DI UOBRINIKRELED ., MAMHERTEE0
EWSRENER SN, RFEICODLWTIFTLTT
MFIEETXRIT DI EICEDBRLIZ, T VYIEFIE
DREHRZRO6IC. BETBEALDAA—TZR10
(2R,

&6 5the7th LY T7NREAR
o BhEER O:mE

£7 JL |P7YF | sw&Hub1 | Siv&Hub3 | Siv&Hub2 | Siv&Hub4
F¥  >Ib|odd Evn|Ft | N [Rr|Ft /N Rr|Ft N Rr|Ft N Rr
5th O [
6th N - = O O
O
7th o |d °
(&=
Rr
N N\_SLV3 Stroke.

Floating |
Gear Rev. | L \
— Counter Shaf Rev.

LN
‘\7: Dm0

[CCBmENE

Input Shaft Rev.

B10 7th=>5th7L>7 kA A—J(HEE)

WIS 1375



ISIMFV LA > D71 77 RILRZRE

SthRU7thDB HIGEREDBR(CIIARKAE L
FYUBHE3IZERAL. OF vy hOOERHEE D
DY T MEEETIIET LI D E ARBES
FVYBKE2ZS NI B2 ETO Y IONDERZ
OO ATHELE, Pr7ONDBEAK
ELGEBDMREHR L. ZOBOT LT MZIFERA
wZEBRA U,

5 JRAXLIFILOME

MYRFZRZWI I UIFEE2IRNDZERILZER
BHLTLWBH BMUEIERDIRTEL AN/ —
TOILKICTFHELTVWBIDIFTIEEL. IBKRIF1E
PREICEEHTVEIRDPDOREEL A H/INL—
SHRIFARETH D B 2B HMEF VRO OX L
AT TTVD, MYYRS Y RZ v 3> EDF
VLA RUBRBEEOLEERER1112RT,

ARETF. —DDF VY NEEROFTVETER
I5H. BEFVEROL A (HMERICERICHRET S
ZEMNTELGL, BFVEROERBEEMYY RS X
SVIIVRAEUTICHRET Z2BEHLHD . ZHUZHEN
BFVEREEBRELANSGD, VO LT %55,
BFVERICEIFE7O0XLIAIEFTLE T RRUY
ZYFORFEZNMNEICEDT . T>Y Y EEm#ENS
IEED LT, 2> TREBILICDGH D BRN D>
oo COFBICHUTIFEMMEECEIESEHICE
RERET DEEEIC. RERICITBEIERZHE L.
FHIER THANULIrdF A S DFEEZERIR L TEEKD
BERBSITZEDHHEZBATZZET. BNDEWLE
NG =T TOERERIB L,

FPLot, BRI
! --MYY6Z

0.0

\+MYR9R
1.0
7inve s
L =AAH

FrLeA

\\‘;;5\

DAL

3, 4

— e ¢ ¢ oo+

_.___‘A_\A_)_.
ShwhrooN®
ExfLE

0.1

& o £
gL T

Sth

£ £ £
& X &

Qnd |
Stp

11 FrL>F. RELCLLER

BFVEROVAXL D FEIZED, FEMRFDE
BRICEWTCIVI VEEGEHROERZMZ B EhTE
%, COMRIFMEREDHES5T . BREEBICES
URZSAN\—DRFZERICEERT 5.

Fleo MLIRBOGVWERREFVEREZL Y

- 123 -

O2L YA DEBADDEHD [ZEN, RS
N—HBRT BERENEE DI TES T & T
SBED LY T SHARBHICHLELE. ZAFISIMOR
ADAU Y RTH B, B12I2 RS /KEUF 1 ELED
1A A—VERT,

7th ISIM

No torque
interruption 6th

Smoother-Ex

f”‘
, R Z == 4th
’ Torque interruption

Vehicle speed

Time
12 HMRMEBEDELER

6 HHDIZ

FEHELTRF VLA DB ERERTICTR T,
R7 FVYLLADOEEK

MYY | DCT2 | DCT8 | MYR
FA7ERER 6E% 8E% 8E% 9E%
F—I\—RSJ#% | OD1 oD1 oD1 oD2
Frty b 748 648 848 748
F B SR 44El 5{& 4@ 4@
Lot 1st~ 8.47 | 828 | 7.98 | 8.82
P\=2 | ond~ | 4.86 6.04 5.88 6.74

AW TEMYRMS Y RZwv2a>vDFvV LAY

DCTZRIML VB I EZRREZN CDT7 AT 7
—B—YCEFNLEDTEEL. SEBN LU
CESFSETET7AT 7 Z2BFERETHLEL, BEZ
BERERICLEDBEVLEEDTH S,

ISIMOBNBRIEFF VLA BEDHTH
UT2EDTIFEL. ZDIEFNDERWPVIEDCTEL
STINA REBWMERT B HOFEATTRTH S,
BICFIDEMGBEERNRTEET 5RMNHD DT
HHTRIFIZEDTH S, ISIMZEHZED BT (2D
D ZRAVERZVWZBREOERICR BHHIT 5L
EBIC. ZDIBAIHEERT 5.

SE R
(1) BEREFE EH  HEIILTDONSYRZYE 3>

MSIMJ [2DWT, WI SE#H1355, (2023),
P22-27

WIS 1375



5 BF M@

Introduction of ISUZU Patents

HWAE—Y

WETES 574356865 (2024/2/13%8%)
HFEES 45/H2022-158648 (2022/9/304FE)

< EREE >
Bl 7L —AICRELTEHT 52 EHTEGER
BE-YZRHIZEZENET S,

< ¥HE >

AEBPCEIEDHAET—Y100AENZE1IZR
E

AEBICEZEMAET—Y10F.T—5/\TI2>520
ELE-YIN\DTIUT20EEmM L — LAICEET BV
VREBAOE. ZBI B, VUNEBAOIE, Bl UL —
LBRICHRILN G EDIEEBMZEN U CEE S NS EH
DNIVNRRZBT %

BHOVIVNRR(E. EFABTEWVICEER L TS
BESN3FEIVIYMRRANKRUE2V I MRZA2
&L BIVIVNRRANEE2V TV NRRA2 EZHES
RERVIDSEGHRAICHEL TRITONDEIVY
Y MRRASRUEANVIVNRR44E ZB L. $E3V
DY NRRAIEFEAVIU NRR4AE(F. EIVIUS
RRANVEFE2V T MRRA2EDE T ETAMAICEER
LTERIToONBZ &7 ET B,

<ZTHhER >

ElERE30DFREN (C L D EEREHI0OF D TRET S
DABISADMBIZERITENTZEHD YT MRAIZEL
D, BEH30DHECIDEUSIREIDHEZZ (T
E<VRETEZEL CEMRE—Y&EH T LN
AgEE 5B,

Iy FU—4 =2

WErES 574977435 (2024/6/3%4%)
HFEES 45/E2022-153153 (2022/9/261158)

<@ >

Ny T = =2/ T —Z U U 72 KR8 T
Ny F)—DEI 21— )LIKFICO—REZERLEZDH
L7zD I 2EZ£CENT, A7 —XORIEAIBEIZ 74
Do

< ¥HE >

IEBICHES/I\Y T —T - AORENZR2(C. IE
HNZM3(ZRT .

Iy T ==X F, vV —EA7T—X30
MoZED ., A7 —X30(F. AV —XEE31E. AF
T—2AAE32EZE/Z B,

- 124 -

30

325(32}

32a(32) 3: 21

(F2]

WIS 1375



A7 —X30(F. NyF)—DFIa—)LixF21H
RESN2AEICHEWVT, A7 —XAEI2OE=HE

V1R FOBSEDELEDLSICTAITIDR . iy

ANEGIDRELIZE, /Oy T —47 — ZDHEBALE 2% | s

593 IRIINRISNEIRTYBAIEI2a% 34 | 2=t

Z. YD REFAEI2bIE. JRIYBRAECDOENS 33\‘ é@ik—-

IERE34EBR B EERMET B, o _- | | X

32b(32) o | [T 40 T

<HHE > H244 1312 3\,(:"3223)1\1 3}0 244‘/5
A7 — @320/ SH2AA /Ny TU —DE wi

Ta1-)inF21DRSEIDEL GBS LDICTAIIYID

RONTHD REEDIZEHZTLVBDT. I— KE/ Ny
FU—DET 21— LBF21(CEET BEICO7Y — R (R3]
BIFE32AIBEEIC A ST MEEATLDRT L,

E—YDEAFITHIE

KRS IE74141052 (2024/1/5%48%)
HEEE S 45FE2022-153504 (2022/9/27HEE)

<> 1
BRIl —LICE—YEAHMIFEIRICENT. 2 7
E—49% L TRESEERICE—YDRBOSAILA , ‘
AEBIZIRALD NN B E & Eﬁ
< ¥BH >

AEBRICHRZIE—IYERALIZ. T)—HEBEZRSK
UR6IZRT .

AFEHRA(E, HEHISORKEODKSDODEBAZH T
DIZT)—PREB2EHZZE—Y1EERTL—LAIC
AT B HETH S

AEBICHESEIHEG. BERTIL—-—LDOLETER (K4 )
BSUREIDRATY & ABEBEHT 2T %
BlazRIETE—910LTEZREGSETEATL —

L EAREDHEMMIFBE20RT YV TE, TE—F91%
HANFEERTL—LDLETZRESE5E3DX 2a(2)

Ty e TIU—HEB2E. T—YDAREIZIGUTH

RT3 —HEBE2bICRIBT 2H4DT YV TE &=
BIBZEEHHET B, e %

%

2b(2)

3 M3 £

<ZHR>

E-—9% L FRESEEBRICE—YORBOA I \ \
W= - W — V=
HAEBITRND Z E &P C 2 ENTES, (E5] (6]

- 125 - WIS 1375



HNFEKR(2024F18 ~ 20245F12A8)

OFF &
RREFBEII.RREABRTHS
F&H FRE il HREE g
1731~ [(A%)BFERMNS BEIEOEL/BENERICH L | =21 TE | PTERERE I
1/31 No.19-232 2RI L | TROSNBZEEMEDRTT |AR K#E |WITUFIH>
IVS:cENWY=2 S EVaF-F53 —# IEA |WSUBARU
fir- D < 312024 ) A = ZHIEKRSE
FIE E®%F | RRIVRES
ERE R BAI2a529/47H
IR BEF|ZIRT UM
BK BRIV YH
R &R | (M) BEBERTREHE
=l IEFE MK E
2 A |AYRPI-ZT1I2I%/ UM
dH B#E  |[TOYO TIREM
BH _tj RRARZE
hE RE |UFW
R BN |BFEHE®
FE |H |ZHBEIEXEXRE
BH F BOED LM
EF Bx |BMIEKRE
MNE JEE |BWRBETIZD
2/22 l\?’l’/‘l'\l:l/ MEs  |(ABEBEOMEZRIBICHES |[=H HE |[BWVT SHRAEKR
FE34MBER B352SR IR E B AT
2/27 SEMRRERMARS | L XEEAOBFMERD | AN = B ERIRIMTEB
SEHRR MRS | BHEAH E=H
2024FE FAERTREY
DHH/K\
3/22 (R BEERINS BHERBRONRRBEEE £ RAX | IMHEES
B Rme (A F7ZED 8 H
M#79 ME# - #8371
4/16~ |SAE(Society Improving Performance Htt X¥# |BWWNT SHRAEFT
4/18 of Automotive of Diesel Engine by Bore =H W\ |B\T SHRIARA
Engineers) Profile Control under T fB—  |[BW\T SHRRAER
SAE world congress  |Operating Conditions
2024
5/22~ |(A%t)BEEBERIMR T4 —CILEBEOER ~VRE (=B B (LT SRR
5/24 2024BF KR WEFEDEFEER H BE |IVYEBREE
RBBRT«—CILIZIOD [FE AR |[BWLT Elﬂyeﬁﬂatﬁﬁ
SBfRICL2BMNELELR (BE RE (LT SHRMR
BB X T LDHE af F=HE (VT SHRHAR
RESCRYZAT LIZHFBN0 KL &E |V SHRFAR Pﬁ
ERERDEFTE S AT LRET |BH 8 [T SHRAREAR
fEEt DR S A¥E BT (LT SRR
NNE I8 LT S R ITRR
alll Bt (W SHRER
PISFEH ¥ | T2 EBEREED
6/26~ |(—#)BEXRAMEBE W SEEFEOZIL=SY I AR L BN | BRI
6/28 AM EXPO&REE MR | FPADAMEREHFIRBN

45 BRI

- 126 -

WIS 1375



o FE

FaxH FR% xRE RRE B
6/27~ |[(—H)BEIZS NRIVES@R 70> bO—FT« (@ FC |EmZAERRE_D
6/28 RBEITEMREERS > AALYRIIZFY
IO DEHDREIE
6/27~ |(—#)RET S FETH 1> - =R A PTREREZ
6/28 mE TR %i@% THA— WO RIJTBERORET | F8A  REB|CAET I LERHEER
REELBAE —IBARNI ST A TLOREFE- | —# CNE AT LA ED
B - | EMEARRE D
7/5~ “a-bhYU—OM | EEEAOBRDEHFESEORE | L3 BRE  |CAETIYILHHEMEED
7/5 NWC CAE World2024 |~ADINABA[ZLBTILE—D
JVEBRANDT TH—F~
7/7~ Indoor Air Study Aerosol movement E R Eﬁ%ﬁ%%ﬁ%:ﬁﬁ
7/11 Indoor Air2024 and countermeasures in BR EF |(EREERNEESHER
public transportation & B REERR S
B B RRIEKRT
8/20 ~ |BAI7ZAVILER NEERBOT7Z7AVILT71ILE |E R— BHHEARXRRE
8/22 FAEIZOVILEE. | WHRIRELE &R BF (IEH)F%?Z{TI%M Fﬁ
KRR RE HE B a HRI¥EKRZ
BA —& |WI7Y-Y-RAaMEm
® ®; B R EERRF
RO = FRBIIKE
Ay = BA/NA ) — 26
9/2~ University of Malaysia, |[Examining the Application |8k #{Z |BEWMBEERKRE_I
9/4 Perlis of DFSS in Technology =8 AR |PTREREZI
International Development -Development
Conference of Robust |of Stress-Robust Items-
Quality Engineering
2024
9/2~ LaMCoS with LTDS Improvement on alll @\ (BT SRR
9/4 49th Leeds Lyon Measurement Accuracy of |AXK $BF |ER#FHKRFE
Symposium on Oil Film Thickness on Piston [{f& B% |ERFHARZFE
Tribology Skirt T #B—  |[BW\T SHRAER
9/8~ (—#)BEEMFES SIYTVIVER VIRV T DR (TR H—  |[BWWT SHRAER
9/11 2024FFE FRAE DRERAT 5 B8 |EWIERY
NE k(K |ZEBIERZF
RE %A |EEIXEKXRZFE
10/11 ~ | Ansys Japan({) Ansys SpeosDEMBARBERE (24 RIE |CAET VY ILEREMES
10/11  |Ansys Optics BID ZHBN MT B8 |CAETYHIUBIRIMES
Automotive User
Conference 2024
10/22~ |[(—#)BERTIL—RND— | ST T7IVER VR TOME (1148 #— |BWWT SHRAKR
10/25 | RTLER EPNI =1L —>3> kAR HE (WIS R
The 12th JFPS R %A |EEIXEKXRZF

International
Symposium on Fluid
Power

- 127 -

WIS 1375



oFE

FaxH FR% xRE RRE B
10/23~ |(A#)BEBERMR WISTa7ILoovF LI |HE K& |[xEVEFH/HEEFE
10/25 |2024REKXE AZv2az(ISIM) V7 DT BN Br | BFHEEEREL

PHPAEEREBROBEFIE  |MMH Y |EE - EEHEEES
MBD(Model-Based PUEFEH ¥ | TV EBRETES
Development)ZiEAB L7tk |2 T BB |PTEERE—EB
SCRY AT LDEXET RE BF |PTERRBRE—I

28 1117 |PTERE—8

BH A |BU\T SRR
Rix F28 (VT SHRHAKH
Kl &F |BW\T SR
EN#BEVIRR/N\ADBTMERE ZE R— BEMEARRE
VIRL=TATTHADEE |[IUE IR | T SHRIARR
BLET«—BILI>I20F |IUT f— |[BW\T SHRAER
TRIEREL

ZELUCIEERDIZOHD/ 1 |EH BEFR |WVT SRR
7 B OBOE LT S SRR
=AM WY S HREFEAT
A B (MUY SRR
BEOFSNT—EILI>VY |BT Mt |[BUVT SHRIAEER
VIRBEICRIFTREB(E1R) o fBE (WS S RRAREAR
aHF E&E |BWUOT SHRAEAR
NGE I8 T SRR
BEOFEHELT—LBILIT>D [HIl BE  [(BWWT SRR
VIRBEICRIFT R (FE2R) 2T M [T S FRRAREAR
af BH (VT SHRMAKR
NGE I8 T SRR
RBBERT—UILIZITOD |BE AR |BWVT SHRARFR
A>YJRbA-7{iCL2BE |BF RE |WLT SHRHARAR
MEEL AL D ST aH HwHE (VT SHRHAKER

E 1B T SRR

10/26~ |(R#)BAFETZER PIVZZOLEEHMOHEE |RR R’ SEREE

10/28 |H184M=2EBFEEARE |[CRIFTHMEBRMYDOE =y I B4 IR TRBANERRAR
Bols 78 3—e

H EF HEBENEMW

RBEVIVZFA DA RGBS (B At | BRI
(FTZNBEIADIEDEES A |[#EA K& | EHRIMTEE
VRE N MfC | BRI
AN EE | BRI

10/28~ |Institute of Control, Sparse identification and RIE E— |\ SHRAEA

11/2 Robotics and nonlinear model predictive |#F #f |BUL\T SHRARAR
Systems(ICROS) control for air path system [KIR & |ILBEKXRE
The International of diesel engine RER ®RE |[dUBEKXRE

Conference on
Control, Automation,
and Systems (ICCAS)
2024

- 128 - WIS 1375



o FE

¥*¥%&H B&% = RKErE BilE
10/31~ |IPG Automotive WIS IZHIFBADAST =L |#%D E— |CAETIYIBEHEDSD
10/31 10 Years of Innovation | —< 3 > OEA & BFEADRBN
11/6~ |(At)BEFEBERME WISTFa7IISVvF T |[HE KB | xEVEFHIHBIRIE
11/6 No.02-24 RTII L | A= 3> (ISIM) VT o |BR Bz | EFHIEHEREGESD
BREN R D BT PHHABREEBOREEFE ME EF | EiE - EmEERE
11/15 |(—®)AV—h70€R |[EEEZBEVWE/N\C/F0—2 |[{EH FE |IMHEEIBCNEMG
2o 2 DR,
2024FERVY— K70
TAER ZiiEES
11/29~ |(—#)ZEARNREZS INT V)W ORY—hEEUT | R— EHmBERREL
12/2 EFARBEZESZMAS  [[TROSNZHEEER
12/10~ |(—#)BEAERES EAN3StEBEHIT I R T YT —EB|PTEAEE - REEZP
12/12  |SE35EINREERSS >R AN # PTSRERSE—IP
N INHE #  |PTRERSE—IP
=A KB PTREREZI
=2 TE|PTERRE-P
SCR PtRBUIDH =M DRI F PFSFE 3 | IV EERETE
EE K& |PTRERE—IB
HE S5, | 1= J7 BAREG
FiR =8 | 1= 37 BAREER
(A#) @ REEHAFEA
(—%t) | —RRAEEEA
(%) : e
(JR) : JMITITECEA
(EHR) : EILAEREFEEA

- 129 -

WIS 1375



oFE

O’ TR
RREFBII.RREABRTHS
F&H F&% (IBHE) &E RERE Bl
2024/01 |(—#)BAETIL— /T — |200MPaZ#BZ 57T« —EILT |FE R PTEERE—EB
SRATLER > 2 AR S RN
FRE
Vol.55, No.1
2024/01 |Proceedings of Data-driven design of KIE E—  |BWWT SHRAKF
the Institution of model-free control for IR ®ER |dBEKXRE
Mechanical Engineers, |reference model tracking
Part D: Journal based on an ultra-local
of Automobile model: Application to
EngineeringProceedings |vehicle yaw rate control
of the Institution of
Mechanical Engineers,
Part D: Journal of
Automobile Engineering
2024/01 [(A%)BEFERMA AESSYIRREAORS >+ (HE & BT SRR
BHEBERINTSmNE A TIVICEET SR Bx & EHHUNT S R
Vol.55, No.1 WE BE  |BWT S HRRIAER
XE S (U SRR
PSR 3 T SRR
Mgk RX (BT SRR
=k BRI SRR
T4 —LILHEE AR BB X (B #HFE T SRR
TLICHFHEMMBOKELN |EK BE |BWWT SHRAER
NOX#LEK(CE5Z B EDMNT |#HaE = T SRR
B BF (WU SHRARA
NNE 1B BT SRR
Al Bt [T SRR
2024/02 ((A#t)BEBERIMTE AEBRAERAEAORS >+ [HE & T SRR
B EhE R YA UIVICEET BHE BK B T SRR
2024%,2RS WE BBZ |V S HRR AR
XE KR (WU SRR
PR EA T SRR
Mk RX (BT SRR
HK BE U\ SHRRAER
2024/03 (A% BBERME LTIV T OEREAl BE =B |EWERETEZ=R
B EhE R £% Y |ElERETE=R
2024%,3B5 =R RY¥ |EWEREE=H
BB = HlEREtE =8B
*H IEM |ElEREEZ=H
Rl BB |BEWmEREE=ER
PR RN |EWEREE=E
wH A HlEREtE =8B
2024/04 |(—#)mBIFSR HODOZEZ A DOEISL R | F{C |EmEEXRRE L
mEIZ T 2mEIZFE £29: 3| ExklINSZ IS WASTEV
485, 32825 - RittFEREOBERN -
2024/04 |(—#)BASZ/ROY— |A—R>Za1—cZ)VICERYT Btk XE [V SHRIARKAR
F& SRREBRA> V> T Ay |=H BB (WG SRR
EZAREAIX DA ENE @D VR [T B—  |[BHWT SHREAERR

F69E, F45

PHRRBECEDT « — I
BDteER £

- 130 -

WIS 1375



o FE

Eicd= FxK% (BEE) g RRE il
2024/05 | (24t) BENE T TA—BILIZIDDSA LY [ A1E BE  |WVT SHRMEMR
BEBERITSRXE AIDVTICLBMABRDOIE PR K WULT S FRREAZTA
Vol.55, No.3 B EIADETNETR) Bl B |WVT SHRRARHR
B ML WL T S RREAZTAT
Bl Bt VT SPRFER
TA—BILIZIDDSA LY [ A1E BE  |WVT SHREMR
AIDVTICLBENBRORE PR K WU T S FRRFAITA
RE LT T (E2H) =l BE|WOT SRR
B ML LT SRR
Al Bt VT SPRFER
2024/11 | (X %) B BB RIS FA—CIBBOCZ NVBE (= AP |W0T SRRIFRA
BEHERIMTSRXE HEFAORFELER H BE | IYYREREES
Vol.55, No.6
BEEBR7—ULIZIVD |HE AR (LT SHREMR
BBRRLICLDMNRPELR (BF RE  |WLT SHRHARH
BEiBAa > AT LDRE aH FE (WL I SHREMR
(R#t) @ 2@mARTAA
(—#t) | —RHEDEA
() - #Rel=4t

- 131 -

WIS 1375



w & & B

m & % &5

WITSERII7SEREZ THHRAVELEEHDAES T
TVET,

ASED TOWT IR (FMFTORITZETL. LT
FT742v )Y R TOBEANERITVWELUE UL, S
WIS T IL—TDRIMBERZE LD Z < DFREEDEKRICTEN
=, TEEEFDSTLEEITNEEZENTT,

S TASTIFE. SF(2025%F). £ FRINEZEN SER
FTEMBLE. WITSHIDEVEY I 7Y TS vy THHE
ISUZU D-MAX EV] ZJMSEELTERD E(FFELE. BF
DTF4—PEILII VETE>EMALEEREEHIFLD
D, REBROERICEBEER ST S & WD KSR (2P
LE1B8TY, WISIE. COEMZELUS TWIYNIRER
HET 322050 [CETE. YILF/INR D T+ THRMNERE
EHESH, D—ARYZ1—;IIIHERBICEMLTEVDZE
T, FLEZDENCH. FEmBN PRGN E, BLL
NAZBELTHDNFET., JABEDERICE > THERGIBERR
EGEBIEEREO>TENFET, SELH. RFOEFAEEHS
BRZEHEIFTTEDEIOIEHTENDZET,

REIC. THEVEEVWEEEDOBER. ZLTAHFETE
WEEWTWAHREDBERISERCBHRL LIFFET,

(& W . WT SERBIFEESHR)

RIEICDONT

SEOEKIE. SSORETEDS THEISUZU D-MAX
EV] T9,

T4 —BIEEERLGED, AEBICFTIL—DEV/N\Y D &,
AT —DBEENMTEET, £ TEREIET
IW—EEHBFAE L. EVNYIDRET I RS VRIBIZLT,
TERNTO ) -G A—T&BIELE L,

(fER Bk 71>ty y-)

(2025%F9H30HR#)
REZER)
g 7 (BAFEFAT R EER)
(REZESH)
I BR1E (XEVI X T LFREE—ID)
TH IR (TH1>E>5—)
WHE X4&E  (FFEmEmEE - 5R5H0)
AN == (PTEHREE - RETEE)
EHS ShBL (PTRBRZE—E)
Pul] (PTSRERZE —26)
EF EE (v IREE—)
FE HE (Y IUREEDE)
15 B (EEMERETEE=EP)
IE = (T VEBEREED)
I EER  (CVEBmEBEE—E)
sl BEA  (LCVESREHE - FREHED)
=% T (EmEARRE)
MR —PE (EWBEEERREI)
M fEs (BRI ED)
R IR (LT S HRRERZERR)
(BHR)
A& Imat (BAFEFAT R EER)
4 E=F (ARG EES)
Hl Hx  (BAEKMEESD)
ﬁ%% I\
FEITA

(A= D S
202511818 %17

£1375

7

F* 17 WI YEBEHRASH

T220-8720

AR BEHARSS—TH2&ESS #WE/ -~y U —
FATFR WI SEBIEMRASH BRIMTEED

T252-0881

AR REORT LS =t

RSP MA S

T211-0021

o>

MR)NE I IEHFPRERARBESFE22-3
EE5044(433)3251(1KFK)

©2025 WI SEBEMASH (REREE)




ISUZ2U

_—

__”’////////

WISEHEIEHRA ST



	ホーム
	巻頭言;
	技術者に必要なこと

	小特集;
	新型ISUZU D-MAX EV;
	新型ISUZU D-MAX EVの製品概要について
	新型ISUZU D-MAX EVのデザインについて
	新型ISUZU D-MAX EVのバッテリーパック開発について
	新型ISUZU D-MAX EVの車両性能実験について
	新型ISUZU D-MAX EVの生産技術について


	新商品紹介;
	エルフEV ウォークスルーバンの開発について
	ISUZU D-MAX・MU-X搭載2.2L RZ4Fディーゼルエンジンについて

	論文・報告;
	高周波焼入れされたシャフトの残留応力分布特性に及ぼす諸因子の影響に関する数値解析的検討
	重量車用ディーゼルエンジンの高過給化による熱効率改善と最適過給システムの研究
	重量車用ディーゼルエンジンのロングストローク化による高圧縮比化の研究
	ディーゼルエンジンのライトサイジングによる
部分負荷の熱効率向上コンセプト(第1報)
	ディーゼルエンジンのライトサイジングによる部分負荷の熱効率向上コンセプト(第2報)
	尿素SCRシステムにおけるN2O排出解析と設計指針の検討
	エルフミオ搭載RZ4Eエンジン開発
	ダイカスト型における3D冷却設計パラメータが金型温度へ及ぼす影響
	カムシャフト摩耗対策としてのレーザ焼入れ工法の検証
	Towards Carbon Neutrality - Synthetic Gas Bench Study of Performance of Potential Aftertreatment Components for H2 Internal Combustion Engine
	An AI Technologies Era – Latest Technology Trend for Logistics and Mobility

	解説・講義・紹介;
	ISIMギヤトレインのアイデア創出経緯

	特許・実用新案;
	特許・実用新案

	社外発表;
	社外発表(2024年1月 ～ 2024年12月)

	編集後記

