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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.
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D . BIMEICKDUERIETEHDTEV 2R LT,

4.45 Z2MHEE

BEVIZEWT., T —TEILIVIUheAxlelCEE
WHoOEIEICKD., BIEERFICHSIFTIERM L —
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EmL. @REENN\YTU—tIICEEFEERIF
SHEWEIEREERA L. AEERFCHFZ 7
L—AZRIZH LTI/ YT =77 S HIN—ZHRERD
TOXAVNNOEEEZBDZZETTL—LDOER
EEMZT,

5 &HDIZ

ZDE. WISELTHELEBEVEY 7Y T~
SVUDEBEERIBT ZZENTER, INlF. BHEK
UHEICREUEZBRERNDZKRGZEMICESH
DTHH. FEGHHEZEXRT 5.

AEMIF. REODVWTSOEYVIPYTRIVY
ZH<FHMEL TELEEERICT L. +DEMEERR
ERE U TRHAETHSERELTLWD.—AT.
AREB(CIFELDRMBNERORMAGD S ERHEL T
W3,

S#&F. AEmICWT BHiHH 5 DFHEZ R KT
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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
WEICho>Tel&EE YT I SD-MAXEVTIE.
EVX\Y IUADERTET« —EILI VI VETIL
EEMEETVELWEDRVWEEN S, ERMEEZ
FULDOORDDMZDHIIREANEABEIEL. HiH
DEL(ICIGADZEE LT,

2 aAYE7REFL

TJUTJEVHREE. L\ YCN(Carbon Neutral)#B&
ZEHBAY 728 (2. BEV(Battery Electric Vehicle)
Evor7vIcSwIEBEELTVWREWDSTFIY
AAVRETBZEICED, AEPOD-MAXEVZEL
NARYRTRABLEEVWEVLDS U I I YT >
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 M) —> ]
[ZHZ. SNETOVWTSOAVETREVES VI D
Iyt REAHRILTEZZEEBIELR, A TEV
Evo7vIcSvoELTHNDDITVWTHL %
ENF7Z(R1),
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23 2914925
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AA=JEDDDOTBIEZATBEHIC. Dot T
FEFILNEENMRBELTLBHRERT—3a>nlL
YA IOEBERLE(R2. 3. E4),

M2 PATTPRTYVF

M3 AYET7hETIVISE

Ui

M4 MRBERT—>azvLrdI27

24 OE7RETIV2EE

BE2024F3BICH A /N> A7(27T 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 AZETRETIVISEIE. 2023F£HREZ 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,

A7 hEFIL2SETIE. ISUZU D-MAX 20245
EFILOSTRONG TSPORTY%IT Y X7 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).

5 AVEThEFTIV2ZSELVTIZY

M6 AVETRETIL2SE
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3 AR50 3zETIL

31 TORFTI7

ISUZUE Y O 7Y TSV IHAIDEEBEVEGES
D-MAXEVIZIZ. O>E 7 ~EFILASD NHi-Tech &
Smart] DA A—TET7AOY 023 >EFIVTESIE
< AN ZHRDICEVOEERERIB L. A
KRB & TEMER] ZAXA—JLEHEDTIL—
AW oEAVETNETIVAKRICEKBL., SEE
[CRBRL72(E7)0

®7 #HBEISUZU D-MAX EV(HE£LER)

EVFHA DIV AELBFHETIL—AT )Y
JT7AYEJIIILOT-ILEIAXTA-EAY
RSTLXAODHA—ZwalceiEL. T4 R
RZzBCBAIBZIETT 1 —CILIT VI UfERRE
NEV-IGHRZETASY V>3 >ETIVICRRRL
72(48).

M8 #HMEBEILIKIVYI-TIL—AFUwo

FRB@EGZDEV/\Y DIF 2023 F(CHREKR LET
HROFETILTEVNY I DOT A ZHBEL.

_‘|O_

ISUZU BEVEEE L TH—RDH B TH 1L TV
%, TIVTJEVDEER—-R([ZOUT7TIL—Eo0OA
HOEOIAVER—T 3V THEARBDHZTH 1> &
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 TCOBILTEOHZRITEVWNH S RSN,
HATHELZODEISNETIVAD T IL—IFIRIBOD
KEXATTIE TRELTW=EDTIL—HECRZXT
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 LTRBLE,

BICT« —EILI oY AR EEVIERRDZRIL(Z
DUWTIE. YTV D SDOBFEOESIAIMNZE
ZEEHBD. JAVKTIARTE FE TILY
Jw « TI—AEI)wo ) [ZA. BIZTHIRE
IWEENSTL—IZEELTLS(E10).

X9 EV/N\wZ E10 T7zxI~REL

INEED . ERARRTENIKDAIAS )Y
EOAZ-AVER=Y3VAFaI-—Z2T=n. T
A2 b7 T4 REFTOFHBREERILT B ENTE
7Z(E11)s

11 #BISUZU D-MAX EV(LE#R{LHR)
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JO5 023 ETFIVOIIVIT U7 TlE. s
EEBITBECED. To—EIIVI LKA S
DRHOBRZ (ZHWHD EVELTOFLSEE YD
Y ITRSwISLWD TS TEEREERERIBLE
FH1ELUE,

32 1427U7
A TFIUTPTFHAUIEZDVTIFE R=RIZHE>TV
574 —CBILIVIMAKROTH A DEEEENL

DA A= T, EVET VBB DT H 1 B
1327z,

ATI7AZ—OA—T14RX—3 72OV,
D-MAX EVE LWRVY—hEEERBZERUSES
ATFTIT7THAVERS . T —EBILITOIY
OB EBIT ERETILERFEDY -0 L — A
Sy oeMME TSV IAST - T IZILOO—
TAR—IIVERAITSZEICLERI2. B13),

12 A4>FU7EYI(LBiER) 702 K

M13 AVFU7EYVI(LRIER)T A+

EVEIBEAKREGBA—Y TS Ty IRV T
IRRDTHA >t T SFTCLEAN & LINEARY
EUL.TEVE LWI U =2 GRS A )V 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).

®14 A=8505T71vI(BE)

B15 A—%93571vT(ADAS*)

*ADAS (%i#E#nx#E> X7 s:Advanced Driver Assistance Systems)

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 > %
ES AUy
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BELR,

BICVY—"Tv D SD-MAXEVELTIORFTUY
NZ—TEERDF VI I5—HT—ZFERLLEL
SEEMND O,
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FVYSUO—HS—ELT T/IRIT - TIb—]
EMZ. SH78DAZT—Z1 >+ Yy TELEET),

M17 IORTFUTPHS =S40y
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MHi-Tech&Smartl G4 A—TERIKBLEZ(H18).
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18 F+¥3505—N5—T/ILRIF72-T)b—]
5 &HOIZ

MIBREOZK(CHZ BN, ISUZU D-MAXDEV
ELTOF v U9 —&BIAEZLEVLSBVTT
YA UBERET O,

D-MAX EVTIZF=RRADERFE LT, Ot
TrEFIMERORIZAIELRZO>TE T~ THiTech
& Smart] EXFAUVITDENE, /\—FRILOFEL
FINFEORTEETTILNERT 3 Z &SRS SR
MThoe LH L. ISUZUD-MAXDEVE L TOH
BMEERER(CEBMNZRIRETDERTELEEZ D,

BEIZ. D-MAX EVIZ2025F4BXRAFIJRTD
CV(Commercial Vehicle)> 3 —IcEWVWTHEER=NT
HD. SBORIAIIZH UL TOIEMEARICED EZ
A52TH5,

D-MAX EVAEERDZSHRMECIDZ . TEEMZES|IE
HU. READY Y 1—2320FFKFIHE. ISUZUD-
MAXS U —ZDEEZIR—TJERDH T & E2R B TR
EMTE. FFBCOSNLLBOTWS,

REICTHA VHAECED> TLWEEWZIRTD
Bl BHADEER LARERB S EET B,
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(1) FRIEIT (FH : FHEISUZU D-MAXDTHA (2
DULT, LI SHFE#H1315(2019), p.11-20
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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

WI SIE TOWI SIRIERES 32 20501 [CEDE. A=KV 22— IIIVHERBICERT 572HD—FK
E LU CBEVOREZEDH TS, FEISUZU D-MAXEVT(E. BEmMMREERIGFEOT 1« —EIL I IV ETILAEHIC
HFIA LI S0/ T U=/ TREEIZERDBAT,

KFBTlE. FBISUZU D-MAX EVIZEEH L ERBE U F UL FV/I\YTU—RBRICDOVWTRBNT .

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 —UIIVIVEROFBEREZEENCEAL
ITREFENLAD>TNS, WT SEINSOIS TR
759 BD-MAXIZH UL TEV(Electric Vehicle)E MR
GG ADRBETH Dz,

AiETIEHFEISUZU D-MAX EV(AT. TD-MAX
EV1 )IZEEHTZ/\wT U —/\y I DOFHREFEICDON
THRNT 5,

2 NwFU—=NRyvIDME
21 1Ny FU—= )Ny DEmMBHLC 77U

BEREAQ/NYT U=\ DOEHFMNBEERKICRT .
N T )=\ FF v TRT TRU Vv TL—

LARRIDZEBICLA 7T T B ETERGENDH, ®1 /Ny TFU—\y I DEHLUBE
SOEEIZH LIy T —/ Oy 5% N SHRET 2 i o
Bse Lk, SEBEERZT>R/\YT U=V IDETERIIC
FEFA—BLIVIVEFLEIBIAVR-—% mT. .. i
> R ERBIT BT & CEENOREE & BRERI REOT 1 —CLIT YT TT/DSORDAX
EUROT 1 —ULIYIVERERScHFLLN oL EMORLBFEAS CEELGLCCE
5. PEAEHRENEERRT S5, /NyF— B L. ZOEOEEOHNFHEZRRI DI EE
I IDLA T RRUFRERE LT, HisL. cNEZERTBHC)(cel | DBEZEE
. BEEECENZNYTU—ET 21— )LD %
Io7,

WEVSRTLBRE—H T IuIREHESH I v RS
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ZEELTE,

MEZED, XN T U=\ IIFBRESNETL—
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MEEENS DV RAELKENSEZZEERFIET
& U7z,

24 N\yTI—=2RT A

Ny T )=y IABCHEFZ/NYTU—F
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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,

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

KINY T )=\ T IE EVIZKRH SN B ZE2MRU
FEREDERZmEZLDD. D-MAXELTT 1 —t€
WIVIVERFEOERRREERLLBEEGDEX
DICHFE LT,

AETIE. NyTU—/\yT(ZROESNBZEARIEE
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3.1 BILREeMHEE

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

FEEBUIHSORGEICIDEREMLEZEN
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EE LTz,
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M3 SEABELTI7UE
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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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Manufacturing Engineering of New ISUZU D-MAX EV
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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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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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Numerical Studies on Effects of Various Factors on Residual Stress Distribution Characteristics
in Induction Hardened Shafts
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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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ERLT. BRUBORE - UTH0OBEEBIRLT
WBZENS ADRBRLEREL TEE LE(6)E
AUTHRRLICEBEMEUT B P ESZ T2,

£ = 3K, 5y [ (1 - £) dE, ©)

ij

12U KAFEH. s FREICA. & (FRRUBE
500°CT1.0E%G2 L DICERILL TR UKD
EERETHD. £°(30.13& LT,
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3 BERBEANSZ2L—23>OBERMREE

3.1 BEmRTRY
SERBEANTZ AL -3 OERMRIIDZS
(2. T RICRIEZETRAREANEEERRER L
EHELEI YT IR L TE Y A—E SR & AR
B hAMFOIAE Y —AICLDERE R AE
12T ZLT. V7 hDOBEREBEBRANBRRE L Z
1B U BERNZTL. SNBSS M ERBD
NoHmERABREHBRI S ET. ZOBEAMICD
WCTHRET L7z,

x®1 BRARBEABRRURHE

Coil output power (kW) 330
Coil moving speed (mm/s) 7
Coil axial length (mm) 10
Quenching liquid flow rate (L/min) 200
Frequency (kHz) 3
Distance between coil and cooling start position (mm) 50
Tempering temperature (°C) 160
Tempering time (hr) 1

AR THWEHEZMETIVER4ICRT . X
BRICBWESERBRREEBIETHSERSSmm, #E
200mmOEBRIROETFIVIZT LT, AEBHS
11.5mm. EABIC10mMmD B ICYERRERES
Z.CDEFZHMABHEBHNS7mm/sTHREISES
CETBRERBEANCELZMEEER Lz, Tz,
FHRKREZ20CEL. RANSDEIELE LT,
EREDRIEERT T 7> - RILY Y VRIZHRD
AN ZEZZERLTCHD . RRRBEODACIERE
2.5 x10°W/mm2KH51.0x 10°3W/ mmKICEE T
32 ETMRAEBDSHRDOES C LD 5 EEEL
eo T BREAFELT. R4AIZRTESICTETIL
H%E - EELEVWEDICHRLTVD, R L.
REARGECH T2FEAIREZ160°CELTIHE
MRBERICEEIREZ20CETEZETETIL
EME - S5E L. 160°CTIRRERIFLEERL Z&
‘Uiz,

M4 SRARBEANOBERFRICESTS
PNEGEIE R U A SR
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3.2 BUEMIRER
BREMRIC L > THONZHABRREDORS
BERED M EMSICRT . SEEBDHHM,000°CIA £
DERICMEBSNTES D BEKFEANICESMEZE
BRECTESTCLWB I ENHRTES, LT, BABD
BHEBOMDEZROIZRT . FOANST6mmODAIE
FTIFEEEFELTEST . TNLDRERI DRI
THEBOEENMELTED., REAIDEILZDONTY
WT A RDEIGHARELE2TUWS I ENHEERT
=D, FSonEfomEL L. BANEBOVYILT
A REOOHV. ERLULEDVYILT VYA b %
660HV. RAFA FZ&320HV. /{—=F4 ~280HVE
LORBRICEDLWTHE LZESoaE vy H—X
BWeERCAEUZRBREMHETRTICRT . BIiERF
M TSNS DHIFRABRE L —HLTHD.
KFEFERRFEANEFER U ICL2EBOELEZ
NIZHESBESDRIZKRDDOIATERTHDEEZ
5N,

M5 ReEmESM

M6 RAREMDHEDE

M7 HERRLAERROBSDMELR
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BB THEONTCHMABTRBEICS T25
FRBEANEZDH EDBERL TEURBAREERL
ADA>5 —H%ZE8(a),(b)ICZNZEART AHEEBT
(FEREFREB LA AEBTIFSIRIZBICANELCTHD.
—MREYICHI SN T W\ 2ZERBEANIC KD BB (C
EUBHARAZKRICNDHOOE—HL TS 2.
BEBFEANRICEUSZBRAFERLUICED AL
BAMSNTED. —MREVGHRRLICEK D DEIAE
BNERBKRTHSD I ENERTE D Kb\ T BN
DEFADHERABREETICRIICRT . BAH
BRBIOAIE. #ARERRICHEETEMREZREIN.
REBCTIEEIRIZBIDANEL B —A T BABKEIL
HFABBTLEBYNSZ5 BREARBIC AN E LS. LW IN
DABICEVWTEHER LERICE U BEBIC I DHIERE
MR (E. PEEFEITECIZY A TRE LZAER
ENDTHESIRZBIRADRAEDCZDUENBEL
R=ELTED . XFAEEFI V7 bOBSERBEANE
BRUICEDEBILN DM ZERD DDA THEBHRYE
GREEBELTVSEEZSNS, BRUICKDKE
EANFEMESNDEDD. DHAVRPSIRXZBICHH
BAREGFDMUEICIFEMANEVES. v T bDEKRE
BN DI (FEERBEANIC LB HEN LD ZECHY
THBEEZABND, TITRETIF. BLADFEAN
FHZEREL. SONLBIERMERD SBREIKEA
NZEDEUBEBRAD DO RRHZ5Hl & 5
Hico

M8 BREKBABRRULERICETS
WA EDZREILND

(a) BARZBIC D
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(b) BAER%RBIC NS

(c) BAMZRBLNDM
M9 SEMEELEAEICKBERBRASTHLLER

4  FZBIRNHOFIEICRIFIHRFOHEDRGH
SHEmEE

4.1 BRIREY

v T MIA. RS, BEREEETNENEIL
SEEERHTBAERANS S 2L -3 0% 0T,
R2ICRITLDIC, ERED7Z IRV v T DT A
CEJ=ER2RAA5mMmM ESSMMD2EEFZEERE L
Teo NIEAEGIZERBDEALIC LB INEBERDELZ
BEUAEBFESE S (mm)ZERICHUTE{LSELER
IRMHE. BERHFSEBDESFEPCHHRDIER
(C KB ABEBEDELZRERE L THITERNW/mm?K)
A1.0x 10°3W/mm?2KE2.5 x 10°3W/mm2KD 2544 %
BEL. FH2%MHTHRET Lz,

x®2 BEBRFEMY
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4.2 BITRRRUBEANRS EOBRICEBLE
BB HEHEDER

IETHONLEBERBFEANEDKRBIL DD EE
SOMER10(CRT . HARZELAINEXLZ0MPa
EGBMEB EESHI00HV E LGB BMECRERS (F
BHELR—HUT. INED. JISHBIITRESNTE
REESLDEED LR UINBEBDOE(CE TIEERE
RRIDH. BEMEVWARETESIREBLANELS
EHBESND, GH. COMUETIEROELDVILT >
YA SAS0%RIBEEU]Z. —A T, BSHEMESH
SZAL LIash 2 EREILER S DALERE T5I5RZAREID
DR EGF DTz COMUBTIFMEENELUTES
I BARIZSIREBR AN E USDIFMEEE TE
UlEEREBMUOITHDHEETHDEEZSNBD, Z
ZT. BRETESNZEBLERSIEFERDL
d/RESIRBBIONANMNBRA LGB EFRUEN DR
ZBR11CRT. L. dFREALSESHEMES
NS LIRS BB FE TOHERM TH D, LWINDHE
HEHENWTERBLBRS DAIE & 5IREBIG NN &
REGBUBHNBEELR—H LI EHNERTE S,
INED . BEBRSHAKREL7%GS I ETIIREBRD
DHBRREGBMUBEIFEDFMUCELDEVWZ S,

M10 ¥FAADESRUZXBRASH

FM11 2BERS EHRASIRZELDRERF
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X 12(a),(b)IcXFTB 7 2FELB D& S5 WIXBIC N D
HER9, M12(a)cEBI B E. FLIIHIFTSIERG S
HRA T B0MMER S B12(b)ICRT EDIC. BT
BRAMEIEWVSIRZBID AN E U S D HERD2ELE
MHzZEDA DD D, ZODHERIRDEAL(ZFTE{LEF
ENRIFTHEEZIUTET D726, Fl\(r=0mm)TDI%
BIGH ESREBRANDERANEZRBLBRS &R
DL d/RTEELUHEREZR13IIRT . BlLEBFESH
RKELGEBZET, D TEUBSIRERBIOANKE
7GHEANHERTESD. INiF. BWELERSH
ARELGBHZET, EMEZEBIOHNE USEEA LD
3—Hh. SISRERBICHNE U EEIEELTEZEH
5. BEFEHICKDHRDOEBTE US5IRZXERANNK
LGB EEZOSND, 2. 2BILBRSEHEZED
tbd/RAHY0.35F2E TIE5I5RZBIIDRAEEFLT
DERBIGHDEIFAETVD ., 2BILBRS EERDLL
d/RIEELZ0.500'50.55ZE TR LTS
ZENDN B, INED . RBICHDDABRRNZEAL
ITEHBME(LEVE)ERELEFRSE EFZDELd/RA
0.50N'50.552E THh B EEZS5ND, BIEGEEER
MANKHEZRETSDAT. BWELBFESZEL
[CENBZENZW 0N NEBDIZZ DD (5D
R ERELSIREZBIOAONEUCZMUE)EEBIET
B(2F. 2ERBFSICEBISZENEETHSZ
EMTRBEINTZ,

M12 KROGZ2EEOMARZBLAS

(a)h=1.0x10"°(W/mm?K)
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(b)h=2.5x103(W/mm?K)
E13 BB ZESZIICHESHEARSIREEGNE
FIDERER R D DOBIE

5 &HOHIZ

ABTlE BANEER UB(CE U BMEEREDEN
REZzZERUEBSRUKRBLOOHEBE =L —
2AVETIVEBREL. SAKRBEANEZDH E D
RUZEBRULEHERTOBRZEANBR LR T
BCET.FOEAMICDOWTHEELZ, FDD AT,
v T NIA. MNEARE. BEREEEFNEFNRLS
BhEEETEARBEANZ 2L —2 3%, &
EERSEOBRICEB U TERBIRAODAEEICD
WTEZBLE. SoNE/ERZRITRT,

(1) v 7 bOBAKERANEER L EER L Z81E
BT THEoNBSRUKRBICHDHIFRAFER
ERFIC—HLTWEZENS, BELERIES
Tal—arvEFIE v T AOEEBEAN
NEBRRUICHESEBS DB ERBIGHDHERSD
ZOACHUHBNREGREZEL LS I EAR
NIz,

(2) BhABERBIEHANOMPatGDEERABMEIFE
B LRSS DMUE & . SIREBIDHANRAE S
SNEBFRFLEBRESDMNBESSLR—KT S
ZEMNTREBREINT,

(3) 2FELERS EFZEDLETHODSIREKEIR I &
SIREABRNDRAEZREIET S E. HBILND
DIRIRDEALT 25 B L ZDREN0.50H0 5
0.55BETHhD ZENRBIN., 2ELBES(C
EBY %2 & THREBDZRBRADHEDRARNIERE
TE5a8EMERLUE,
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Study of Improving Indicated Thermal Efficiency with Higher Supercharging and Optimized
Supercharging System on Heavy Duty Diesel Engine

mEE KR

Hiroaki Saito

==
BR RE*
Munemasa Hashimoto

A FH*

Yoshinori Ishii
Z B

EEERT 1 —UIIZVIUTEEMEZRIRT S, BRI ENEFRTHD. AARTEIFEIFT>
/‘/%ﬂﬂb‘(ﬁ—uk%zzbd)kﬁ!‘kﬁﬁﬂﬁ&()t bSO R@ETERREL. BLRRENEREENRT DLHDES
BRERFMRURRFIE. FLEEIBREEGLDOT A Y bZEBESMC L.

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.

1 FU&IZ

ERHAT A —PILI>ITE BRENESD
BIECEDREZM LESEDODOAE—VHEHEZR
BESEBBZENTEB0. BREIMEEETH DM,
INFTIZZLLDOMBEMNTONTE DO, IHFETIF.
BHBREBORANBRATHD. ThZHAVLEHRE
IHNTNBON FERDY —RiBFaHE. HEMINB IR
DHTIFIIYOEERREXLIFER (G U TBfa
KECHERNDEL. ERFHEFCEI>TBRENESD
BONEETH > BEHBREERAB IS ET.
IO UEEGRETICEVWTEBLVBRENERIRT
BZENTREE LD, BESIFERSICEDEFK SN
720 R T BT 7 )L T d B HIDECS(Hiroshima
University Diesel Engine Combustion Simulation)
®OZRBL, JERDOY —NBREMES T2 TER
WHREEGENFE TBB LR T TORYED>
Talb—2a>zeEERmlLi. BREHEZ—TEE L. 1B
MENOLEFRCHSTEMT 2EADEIBFE
(A:Excess Air Ratio) TEIBL=ZEZ 5. HBETH
TRENENBAREGD . ZNEDBVWARKET TIEE
TRENENBILT B EN RSN, ZORRENE
DAY —REBNIRT EE#ZE A fitdhE A >018
HOESRHBIFHICHEVTLS, RFPREDEMN TR
L7z, A=5.0D A > IE 5B %485 8 (Sol:Start of

Injection)1.0deg.BTDC(Before Top Dead Center)
DEZCRRBIENBAIEEED . BEGZADLER
(FNZ > THRBNEZRILSE S 2 EhRSNT
KARTIF. LD =L —2a>EHEBIRATRE
G, REEQENZERBICHE TCZS2HRAESE
TA—EBILIVIVERVT. RIRBMENRAE S
5ADEZREL. ZOBRERKRIELLZ. Feo ZD
ATOEGRZRIRT BHICIFE. EDXDHBIET X
TLNWRBEE DN EHE LIz, ZORRICDOVTER
EEEE

1 BRIESEH140MPa, [EEE66mm? /c%cle
KETTOIVZTaLl—rarIcLdRRE
O35 —HE

* LT SRR
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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. HIRERICIFEBRHER
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

2.2 SABREH

SABRBF DB R A RDR2(IRT . RRIESEN
HIRM. A VEHEE2FEFREL. BREHD L
FICE > TRLEVWERIBRERTHB TCESLDIC L,
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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3 HERER

3.1 BHESE66mm3/cycleTD A & RIRERD
EL]E [P

1A 7ILE7Z D OBRARIES E66mm/cycleD
BETRGFT TCORRBMHEOI>Y —RZEZR2(ZR
J. AR TIE. R TEBRDEZE LIV RIRELD
EDEZFEA L. R2(F ENSIESEI140MPa.
200MPa. 240MPa TOMERDIBICIET . mREMWER
FETREINTUNS, INSDBEENS. KREX
K(FAN=2.8~4.0DFHEFETHBAEZED ., ZOEEIA
ND N8 TIIRRBINEIMET TS EMNBESHE
GoTze LTEA DT BEGZIBREND LR (FRRE
WEREBASED I ENMNERMICRSNEZ. T R
REFENZEHBIFE. RRBNEOMAEIFAD
ENSVWANERT BIEANER SN, BFMHICH
WT. BICA=25UTIFESENEFZ>THED. 2D
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
EBINET. FEREHITUASEMEATH S Z EH'HE
RTED. BBBREG T TREABEDLRICED.
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BARALIC K DB ERWNE EHRBIBIES X T L DIAR

IEFZDILH D B ENDILEAYEE SN TIES A A
DOEBNMIF SNDHO RBEANDBZENEU
EHASND, INH BIRICKBEMEKLE (IR
RENBFETZ2—REEZSNS, LEeh>T. 58
BB TOMBRADREILZEND Z & TS 55D HMEK
DRENRAENS,

M2 MRHEEIE66mm’/cycle. MBIESEA
140MPa(EK]). 200MPa(FE). 240MPa(TF
H)ORETORREBHEIZY—E
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M3 MRHEEE66mm’/cycle. MBHESEA
200MPa. X >/ IE51F1aEFEA1.0deg.BTDC
KETORAE—VHIHE L BRERREBDLLER

EEEDORNIESFEARUIESFHEEFBICESVT, K
TENE, HIRBBEERRUBAZOMIBERELTE—H
NSV REHB Uz, AT -9 S ROAZALT
HRIRIF—Z5tBL. RAREN SRR EH
[ILRIVF-—ZEEZLSIVEDE. RREBEXRESLHE
ZOMEERE L TER LT,

Eexpn = (GA+ GF)Cpexh(Texh = Tine) (€]

h- ﬁF—\,I*)IJ:\:— GATRIEBERE. GF: MK EE
b% p xh* EF":\,Z'_EI_IZE?E&\ Texh ;‘#_\,/Jm}g\ Tint-u&_\'/ﬂﬂ

L‘I-m

/}

i

HREEHEICDWTIFA EHIRBENSER LT,
R4CEBEFREOE—NN\T VX ERT,

M4 MRIEEIE66mm/cycle. MKHIESEA
200MPa, A ~IE5IFA%E5EA1.0deg.BTDCD
K TORTRENER, HIREXRUSEZDMLE
KESDELER
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AZzEH2FEBAZDMIERIMER SN, BERIE
KHEMT ZMEAHBEE TH S Z N RN, A
ZRHBLHICBRENELRSER L. RAZERE
HMHEMU CEBAARDRBTENEZ. REBROEN
HXREQLEFMNZE5NT, MREEMEDREE
BN GBS, BEANSDRBEBNASHEEZ
53 EEZSNBHAZDMBBRIMET TS, B4
BROETIRRENEODUEZRTHSH. HixE
KOEMIEBAAZRTHD . INEAIZK D TRIRE
MECBAELFET 2ERD—DTH B,

3.2 HBBABEHE117mm3/cycleTD A ERRE
MEORR
RIZ. FBEAIEHFHE117mm/cycleRZH T TORIR
BNEDESRRZRS5ICR T,

M5 MARHEEIE117mm?/cycle. KAIEIESIES
140MPa(ER). 200MPa(HX). 240MPa
(TRORETORREMHEIZY—E
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CDERGTFHRRBIREID200kPaiF T A=3.4
FETHB, ADBEZEDHBZIFERTBNERNLES
NH3ERANERSNEZ. T, KRHNIESHSE
66mm?/cycleDFER ELLER L T IE5TFIARTHA & E A
S22 & CHECRRENEINMET I 2IE[EHS
NI A=3.0TATHBREZ B EHHERS=NT,
Fle. SHOIVIVERTRUERBRIRG TR, KICH
AFRHIEZHENTIE, BRBHENZEHDIFE. EA
B EEENOFIPRECIET 572 (CIEST Rl Z
EALEE2Z227. aRTREWETHEZEHF5NS
A=3.0MA L CIESFEEEFEAN .5deg. BTDCED B WL
IE5 RS COEGRN TEHD DT,

NEEEERIC. BHARIESFE117mm3/cycleD#R
AIEGIE/I200MPa. IESTRAZARFEE-1.5deg. BTDCD
FCHVT, ROTOBREREEXE—TJHHE
[CDOWT AZE#HICE > TR Uz, TNER6IIR
ER

M6 MARHIEETE66mm’/cycle. MKHIESEN
200MPa., X ~IE51RI%ARFHA1.0deg.BTD
DERETOIE—VHIHE L BREAEDLLE

ADENERTZERE—VHEENRL T 218
BhAFHSNT. 1=2.7~3.0DAE—VHHEIFOTH
Bh. CNFXE—THHENMRE TRETE >
HTHBDEHSN. 2EELTRE—TDHHEMNIE
BIZAGEHDEDEEZSND, Tz, BRAITORK
BRLESICOVTE N=2.6BEFTIFADLERICEK
DIFBMNT BN, A=2.6IAEICAHN LR L TEIZFE
FWTH B ENRSNE. B—DRET A E1EEHC
EDOTE—MNS YR ZE®H Lz, SNERTIZRT,
RRREFE66mm3/cycleDIZE EBKIZ. ADLER
(2> THERBARAMEML .. BEAZF DABIBERA R T
BIEMEFEDSGEN Dz, —HFT. ANEFU. HR
BERNBEZ DtIBRE LB 2 EHEMHICHLTH.
MRENEDETHAAHSNGD D 72 R THRIZKIES =2
66mms/cycle CORRERGDTVND, CNIFERR
SEDEENOHBRICE > TBMBENZHIPRL 2726 T
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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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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
W REMREE T (&, BREROP L EFRM28FHHARPHBES Z MR L 7,

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
ROFXEEHIF2050FF TICCN(A—R>Za1—kZ
JU: Carbon Neutra )/t DEIEBZBIEIEESL T
W3, COHHEBDH LZ18% % L6 ZEHEPFIICH
(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 EAEEDBVWRGEEELSHEVL EAA DM,
Z2T. ARICRIBZOD T DL SICEFERE
HEERWKREGHIREZEDED ZEMNTENF.
B55COHMIBMNAIETH D EEZS5ND, £ TAH
AR TIE. NEEBEDOEBEAROCOHHEZHIE
I B8, 10kW—30kWDEH B TaMERBEIEH
KIRITHATTMDIREZEIT O

* LT SRR
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M1 /NEBEAEICHITSHAEEEHMEDOBR

RICEFMEDBRIEEZRT . RAMLIT ERS
HlE NEBRETOMABZRE LZNZN375Nm,
QOKkWE LTzo HEEARIFTRM28F T « —CILEEE
AR EE U MFOEES (32025 FESHM
BEE10%BOREE Lz,

&1 FHAEOBEEZRE
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

ARBTE. ORTIVIVETIVEZENREILE
HAEDLEEIZAL—23arETL., BoEaERN
(CHENTBENENEENDZ I VI DI ATLOER
EADETOBEREERLUEZ, LT, IS0
RICEDOWTHEBELEZTOMI DY VI KD EHARET
BRICOVLWTHET %,

2 I>¥varvteJhk

21 0RTIVIVETIVEE

I2IVORMEBLECF. RRBMEOAELEE
BEBEXBRNBEEGDN. RIRBMEOH LD
Tz, EMLLDENPSEEEZS0HD L. BEHER
CEEBRNENUERBNELE LT S EERS
W@, EE(CFET DI VI DERRMOIMEH
BDEOHFH S RRBMEDR £ & BEEERDER
ZWIY SRIMDEAEDEZRET I ENREL
BoTWB, CDEDBHRAICTLTE, TI2D
HEETIVZEB LRSI MRNTHS, CDEE
BEREHMCERLZETILTE ¥Zalb—23>
[CEARGEHERBZET 2LHICIFREENTHD . &
AETEFI7ZILY A LISEVWEERE THLHRNEHEE
(T2 RPN TRG0RTETIIVEBERA L .

AMRTERITB0RTI VI VETIVIE. BRKEE
TIb. HRZMBET )L, BEBERETILTER NS,
MBEETIVFELZSPCEDBARSNIZIRRBICED
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<ORTVYILFY —=FTILHIDECS (Hiroshima
University Diesel Engine Combustion Simulation)
ZNR—R (2, BRSHEBXREEARSN RSN
BRETIVYZEFRE LT,

BARERBEKADH ARIBET)VIF. EFEERAED
ROMNELTRW, HRREZEEH Uz, ZDEE,
WRREAD. ATy HRER, §—EVE, 104
I —IRIFANREE L. BBEHROXASO> T
Lyt&ES—EVREBOREEZELH LT, TV
BANDIRRJUBERU I VHIRENZELH U,

IV VDOEEERIE. BEEBHFOREVWERICD
WTETIVEL. BELTEE L, BEBONRERXR
TVER VB B ZIREL T ESPYDRE
ZSE(C. GARCEMENAIASEHULEEX N AN
NEIASYIA—REBANEB L. RAOEEEMNER ~
)Yy NIADBELTEBAEER Lz, U
TUUMRBEEN IR2ERMAEEEREL TELH L.
AR, MR, MBOEER> T OB IFBEFH
BEOERBFERELDFBEINICETIVEBRE LU TELR L,

ORFTTI I VETIVIC K BREIREE DTSR D=6,
NWNBEEBBAELCERSNMTLWSRERI I Y
(Conventional)\DEERT—% EEtEREEZLER LUz,
I 2F R795.4mm. A RA—27104.9mmDE
SARBT A —CEILI>I > TH D,

2z RF. EREREORTI VI VETIVIZED
FRLUEBRREYY TZ2RLTHED . EREREE
ZORENEBOSNTWBRZEZEAB LI, BR2GHRIIC
(F. SCTHESNEBHREY Y 7 EEBIRT SEME
TRUBEEMRESFE OIS LYZBVTELLE
EEENRBOEMNBERT . BHAETE— . &
BETE - RRUFHOEEEMREDEIERBRITER
BRELBRU T1%RBDIRETH D AR TERT
B0RTETIVOFARBEF+0 SR L7z,

M2 >=Zal—232ORERERER

2.2 RBEILEHERG

MRBNREBEBEBROSL —RFTZERET ST
VIVIATLORRICIE. ZENSELLY T RDT
7ELT. NADRETIEY — )L ThHBHESTECO/ R
MOmodeFRONTIERZA Lz, RBILRX TP 1—)LIC
(F. B 7)LT) XLMOGA I (Multi-Objective
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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

2.3 RBLEERR

STERERERSICRY . BI3ZMIE. el EEERIE k.
M CRRENREN O TRELUERERTH S, — &
(2. FL—RFITBERICHZ2BEHOLENRELETT
Si56. BB ERFFICHLZIH—RIFETSNGEN
. fL—RFTDEETHB/\L—bBREKRDD
ZETEB, RETERRICEVWTE. /\L— ~EHIR
NTEDH., ZOS>ERENGHBRZzI>ET AT D
~EFFRL. AMTDERIBES(ID) TR UE. ZOESIE
EBEO7ILOUXLICEDEEIERIC LA > TR
BEINTHED., BFEARZTVIFEHCERBKEIEZT
WBZEERBERT 5, MAICIF. RERIVTVETD
SEMRELRRLE, R&ED, Q7 hIVIVE
REERI>IVC LT, BEBROKRE & RREE
AEELTuwbZ EADhA D7,

R3A1MAEIE. #EEHIZBSNO(IEEKRE S - BEEH DD
—BILEBRDEE  Brake Specific NO). #it#h(Z 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
AREMNRBENEZ. V502 v T MMRERELE
TREGD, EXRVEEICDOVWTERIDT.6kgF
TEEIISZIENMNBRESNTWVS., EMELL
18:1=25:1ThHH. RRI VIV ELBKITBETE
MELRAIABIRSNTLWB Z EhDh o T,

M3 =E{LHERR

®£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

WMERXIDEDDETRNIVIVDEVEER
IE5H. RBILGTEHLNSRBRSNEAHGELES
[EMEELILDBRICEB LT, ORTETIVEZEBULTE
MEtEEEMUE, BINFEICAWEI I VERTE
RAICRY . STERM(E. #EEBEEIEET,600rpm. b
JLZ130NmE L7z, BHFRE TCHRNEIBR IR
3.0EGBLDCBHEZRELTCHD . REHRE
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,
2A2IEDMHEE 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,

R5(Z (. HEEh(CEMELL. MEICR7EROZA NO—
JRZE>T. ISFC. BEEKR. FMEP(BEEFIIBR)
J£73:Friction Mean Effective Pressure). BSFC(IEMK
HARHE X Brake Specific Fuel Consumption)Zat
BUERRZRI,

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
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Compression ratio

M5 HEMEEER7ENSHUECRETZE

Compression ratio

AETERHEOHEFETF. AR7 - >3-~ ~AO—7
EEEMBLELAIOMBAFEDLEDANISFCIEIRET Z1E
BzRUE, BEHEXRICEET S E. EMkA E <&
B3FEBMT B0 B—EMELERETIE. R - X~
A—7DEWVCKZBIERDEIFNEL, TITH
ETFILOBMERIFZRDI(1). R(2)ZEAL TS,

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,
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RUnFETFIVEHTH D, —®IC3I—FANA—
74t BMIBREDS/VELAMBINT B 7z $hBIB R HEM
IHM. AEHETIF. 3 —rAMA—TICKBZFE
HEXA N REDERAEBMGERZR TS BZOH L
EZZ 5N %.BSFCHARINEG5BEETIE. R77115mm.
EfELL21THDO. BT I DETIAEIC
552 ENBRERINTE, ISFCHARNELEDHTE
EBNCEGDDIF. BEEBROFETHD. BEEIEX
FARRT + 23a—hXAA—JICE>TRLTZZ
EMRENTVWS, BEFAIE. BAECEEDHS
BHEHULEEIRVAIANER N>R B—RCZHHD
CIRELTEREBBREZRALTWSRZS. 23—k
ARO—7HICHSERNREDETICE>TE
BANBA LIz726pTH %,

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

2.4 At IO BERERET

2.4.1 MEBEICXT S5

23 TORREREREE EIC. OV NEFIRT D
RIVI VARV I ERVWTAAEBZEDEEATEES
ZRET L7z, REICHBIZETTZRT . /R7115mm. R
FE—2115mm. HIRE848LOT 1 —CILIT>I>
THd. EMEELIF20:1& L. B EEGREREIELT
WB, FLEERXR M VEBERRRI VIV EA—E L.
TS50 v 7 SEMEE LTz,

RS IVIUVETR

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 journal diameter 63 52

(mm)

R6(Z. HESEERRE1,600rpmEHFDORTETIL
(CXBAVET I VITERKRI T DIEKREED
EDBRERT . R6ARIDIESH (FIERFIHIEMED
(Brake Mean Effective Pressure : BMEP). &fil(& ~
WO TEEBLUR, AVETRI VI VORMEF.
BMEP400kPaDEPH BRI T6% M LT S & FHHliE
Nz, BRKIDEZS. BEFUFESBREEIET
I B7=5HIZBMEP 1,000kPalA L TldFHANFEE LA
WREREG 7. COHRETORILZIE380Nm
THD. KAEEEZEDLEFHFETERT 5.
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M6 ERBMEOIZIL—3VHER

H7(2. ORTETIVEAWVWCEELEZOYET T
VIUVERKRIVIVDBSFCVY Y TERT . HEE(E
HEBCENRE . Mtdh(EIH D TEIB U2, FRR6(IRT
EMETEEEEMESFETOVSLOVERVTCESE
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,

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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TA—EBIWIZI2DSA A D2V T2 BAEFORNED LA T HMER)
-2ZaL—23vIcL B AT MEREEMRETER -

Fi#i&E 7 1 )L% :Diesel Particulate Filter). [REESCR(&
R BY iR 4% 1= 7T 7% :Selective Catalyst Reduction).
ASC(7 > EZ7 X'Jw 7B Ammonia Slip
Catalyst)Z#MA LTz, s (F. EBN SERFRMEFE T
HEE A M BEDF RN T BEGE T IV ER— (2,
HRECMERSEOREZERYRELZ1RITETIV
ZERA LT, BARMC(EF. ORTETIVTEESNE
NO. IV I VHOHRERE. I REZES5 A 2. &
MEYTIlE. BESRY 1 7 I)LWHTC(World-wide
Harmonized Transient Cycle)&xi® & LT, HENE
ZERT BLHOMBEREDREERML .

H8(Z(F. E—AESERMET TCOWHTCOSREA
BE—RICHFBIRRI>IEQETRIVDY
DSCRAOAZREE., RRI VIV EDREEZER
9. E—REBNSODET NI UOSCRAOA
ZREFE <. BEHELICKIMWRFBERGTE
BonzdZehbhorz,.

M8 WHTCSHMEE—FDIZaL -3 iR

E9(Z(F. SCREENMEBEBBEDNOXHFHE TR
FIHEZDOCEDPFOASIBEE/\TA—-FEL
CEIELERRZTRI. DOC. DPFOBEA /NS
SCREENKEVIFENOXHIHEIFMET T 5 &5
SNz, SNIFDOCEDPFORBENME T I H728(
TROSCREEMN EFRT B Z & & SCREEDEMIF.
RN CE T DHNZDRBEBAR <& 0D$EERD
BLETBHTHD. FEREID. DOCEDPFOEEt
BEZ4L. SCREEZ14ALUALEET B ETCEEZE
RT3 EADMD ., EGREALT [CRERDENIERE
BB TR AR (B TE SN RES N,
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M9 WHTCE— FOBEHONOXEERKR
3 SREREIRER

31 REIBI >V RT A

YZal—YarvoRRICEIVWTIAYET T
VIVIRTLERBRERLUZ,. R10ICERRZE. E11
(CBAIBS R T LR Z R T AREEAB T > 2 Tt
24 TREILIZEBDRSICTREND A, AEBRT
FTF2IEHEOER MY EV SV VDBRIFRIRL T
5T FHMAEICAVWEIVIDDER N VEEEY S
VU2 T RRIFENEN. 2.13kg/cyll ¢ 82mm
THhd, BUBEEF. 24HBDORBRICETE. DOC
BFE1.2L. DPDE=E2.6L. SCREE14.6L. ASCE=
(F3.7L&fEA LT,

Air cleaner
Intake
manifold

DDSIng module
OOOO roc o

Exhaust
manifold

SCR ASC

10 I2I2VIRTLIEBRE

M11 FHBAERLED T L
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3.2 HOMmESRER
M12(zld. D> I EBUWTERANLY.

BRUS. PmaxDF —5 EEUS L LHRERT . A5

TEELAGIEREE. Pmax?.5MPalATT TERT D Z
ENRESR =Nz,

Torque 95

Targel 75 0 Target ]
50F AT T ey Cyrnnrenn] 90

B
[=)
o

185
180
175
170
165
160
155
150
145
140
135
130

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(ZlE BB LEZIYE T I I OEKRRY
RTF—H%&E RERIVIVEDEHDELTRT, OV
T RITIE10kW - 30kWD BB B 1 $81T T
1% —2%ptA L LTLS Z ENDA DT, M141Z1FEY
BUEBRKEEET -9 ER6IRIEMETZAL
(EEEMEZEH UEERZ. 2025FEE25RE
HEMBICWITIHERE L TRUEREEBEE(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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M14 ESEREBOLEMHR

3.3 HEH A REHBRRER

T —CIIEEEHFE T AEBRZEER L 7. SR (.
BEARY A VIWHTCEEESHRBRY 17 UL
WHSC(World- wide Harmonized Steady-state Cycle)
ZEhE L. BERAXREDEHAIZ. ESRIEMEI >
DA XD MEHMEXA-1600DEGR)ZERB L. &
fE(FAVLRL A /XS A =4 (AVLA39)ZER L TEHRIL
z

R15(Z[FWHTC coldE— RIZHIFAHSCRAOA R
BE.JOYETRIVIVERRI>I Y EDOSCRAO
HZBEZ. IT>Y>YHO(engine out)&BAEHO
(pipe out) DIEENOXHIHEZRT . E— BN S
800secfhEExCT. I ET~I VT VDSCRAOH R
BEANSVL EAERSN. 1XT>=ZaL—2320
RREBR L, ¥, T— RB%A400sectTiA TSCR
[CEBNOXRILH HEET 2IRECENEL. CDOFEH
Spipe out NOxIHMERT B Z ENBER =N Tz,

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,

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.ORTETILESEHNREL
ZEA L. FREENG VLIS BRRMEICH 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. SZICBHORERT,

AR EIFEBERMAFMIEVl.55. No. 3I218HE =
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
SNHITFTBCOMEBEEZVNICHZIBZNDEE
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 .
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x®1 FHRAROERE

2 IVIZvaAvEIJhbomERET 7O-—F

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

Air cleaner
Intake
manifold

R Dosing module
OOOO Jose o

SCR ASC

manifold

M1 I2IVIRTLEBAE

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 R KRR (&,
DF=IIRTEAFAIIRTHEEZRELZ. &
S0 7002 3UERICIE. TRAKBEEDERZIE >
TR 5> 02w 7 hORETERME LT,
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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&, ZDEDFIRR T, BEAHERIER & BFEADARY
—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
SERMBURBEE 5T U 72 MBREAEBD 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
*”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,
KHE1TEERIIVAS Y RERBRRE(CW LT, AOE
M= CEFE S/ VDA EDE T, IIHHE
ERIIEREENRA L. RRBNELB LTS L5
flisN7z. BEEOBVRMA2(E. KOEMEEE &/\IE
E/ ZIVDEAHEHET. ITTOHEENA B LT
H PIRT A EWREEBO AT THIHEA
WA UTc, FRBABRIEGE. MREBHHRBIEL
2 CH D MREERTA LU,

M3 RE1D2ZalL—>ariER

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
BEFVYETARNICLCEEREERLTED., F=
ERR(FERIBO Y TETEL. HREIFERF
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,

5 ®H10>=ZaL—>3>VKER

RIZ.BEROBVRE2(CEVNT. IIHIEEICK
EHENRSNIEMBEREAEBDEVNEERT B0,
MIGEENDRE[DHBELE L. B6(215° ATDC
CHFTBEEUDMERT . BEEFE TOERENT LR
REATIIEZELIRBICAOHULYELL25U DB
EREAMERICEEL WS Z EA DA D, —A
BEEFE COEEIRVRAREBIIBRBESIDERF
Bond. Nt BEICERIT ZFICEZENDES
BANEHS. BEIDFBHEALERI. T90
B EBET B ENFRINDO,

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
RBELREBEBREAL Y (kistler® 6056A)%&ER L
THEERNERSE L,

K7 .H8IZIFZENEFNFHIERHE20RE—D &Y
IR MBRBERER - E LEHTRERE R
T X1 TlE. RE—TDEALIFHSNEWD, RE
[FHABEEA. BTCENFN1%. 0.3%HELZ, BREEX
DBEVRE2TIE. BIREATIE. ENZRE—TI(HE
BUEEDOD. BME(F2%ELLZ. —AT. BIEEB
DRAE—TIE. VISV ARBBERICHLT78%
B L. BB (F2%RE LT,

M7 FH1OREHBRER

M8 FH2DREHBRFER

ROIZ. RU2DBAREREEERRESEEZRT, U
ISV MBBRETIE. DBHOBRRERNT .
BRIGBEDT 79 — B L ZBFRERNEIRE G5
TW3, 3D-CFDDOERTIE. U w TEBIZERE I
RESERITREEIMNER L TVDZENS., R
TBEZHE LEHTIEIEBENDO+OGEIEAN
ATWEWZ ENEZ ESND, KORBRGEE &/ETL
B ) EHHEDEHEIE. BEOILEURBRENE
HKEGDIENEREN. SREFEDY 745 —IEH
[CEBREEXREZV, £ ZOMEBIE. ORDLWL
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MBEZEBICEBIFEMETHD .. MERPITIEZA
ZREANEATVSZEMNFBRENS,

M9 FE20BFEZDLLER

H10ICEFU I T2 hERRGEE ERBEEBD E—
NS RADUEBRZETRT . HAEKEISF. RARE
NS, RN EBCBERREEZRULELLTE
U, RRRKHEIE. SEEA RPN >S5 HC. CO
DARBREZERLCEELLZ. F10LD. RAE=EB
EINBFE/ XIVEBHEDE S I ETHIAMEREE
MMERL . RIRBEAE ELTWB ZEA DD DT
UREED, BRKRRT « —EILRBKICEV T, KOF
M= SEFE/ VDEAHFEDE T, IIT0OHRE
ERAMBRDERARIRTES Z Ehhh o7,

100 r
;‘-‘é“ 80 I “
o ® Unbumed Loss
= 60 26.8 250  wmFExhaustLoss
g 20 | Heat Loss
= m Indicated work
L 2t
0.
Re-entrant Shallow B
#0.12x8 $0.10x12

10 HRHE20E—b/INS 2 ADELER
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3.2 7002 3 EREAMT DR T

3.21 U0 aVERBER

BRI (C K B RBE S ERANT [T DLV TIRES L 72,
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,

11 ORTETIZERVEEEEXDERMDR

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

&6 BEIEXROERERE

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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60 N

50 - @43 \\\\
40 _—\
307 70\ \

20 | 1 1 1 | |
20 30 40 50 60 70 80 90 100
Relative piston ring tension (%)
M12 EXRrYEEEVVIRAEINVEREE
¥Rl

100

90+ 2
- ~

70 6

Relative piston weight (%)

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

H13ICEHBRERERT . BEIBEXEFE-—FU VT
BRICTEHAIL. MEBNEXF. MRUEEET — Y&l
"L, EEBERESFETOU S LO®ZH L TBaselxd
FTEIRELRTR L, LOC(OILBESE: Lubrication
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Analysis of N,O Emissions and Design Optimization for Urea-SCR System
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FRESCRY R T LAIZHENT. NOHEIZHE D NO(EBRILER)DBIERNRETH S, KK TIE. RESCRY
ATLDT SV hETIVEEENDSRFOEAEDECLERERFTEERT 5. N:OERERZHEBIT 2 ET.
NOx#{LZ A £ &ENOLERING & MILAIBEZRERSCRY X T ADEREHER EIRET 5.

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
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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,

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
HBEZFE L7z, >=2L—>3VDAAICEFTIIL
DT« —BILVIVIDOHEART—YZRW T,

B2 FRESCRZRTLETIL

*1 mil (- >~F®D 1/1000)
*2 cpsi (cells per square inch : SE5 1 > FHE=DDEILE)
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b RUSTPRI)IEGEZERDET BT RI Y A
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REKZWBT 2H0RGZESZ 2, =L —>3
TNZEDB/ESNTENOX. N2O. RUNH:DHFHET —
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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,
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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,
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X5

- = p
=2 m o

NormalizedN,0[ -] MermalizedNOx[ -]
2 =2 2 ao =
o = m = in

a2
e o

w
=]

Normalized NH,[ - ]
- [
= =

=
=

3.3 REH\SA—=F 2T BN OHHHE DRERENT
N:ODHFHEIZX T BRESCRE X T LDEREH/\
TA—YDRECDOVWTRERNZEM L7,
OSCRLERDNO/NOx. @QEENH:REE. BSCR
BE. WASCEE. RUGASCOPGMIEBREZZEIRL
T¥Zalb—> 3> TEMiiLe. BERENSENE
NDOERET/NTA—FZR2D5DDKECEE LK
DNOx. N2O. RUNH:DHFHEDHERZR6(ZRT .
BA(Z(FSCR. RUASCOTRCOHLEEEZNE
NIRRT, ODOSCRLERDNO2/NOxH0.557% TNOx
DHHE(MET T 2HAN0ODHHE(FHE(TEML 7=
QOEBENH:REEZE < TS E. NOXDHIHEHE
BT BHN:20ENH:DHFH B (FE(CEML 2. DD
SCREEZEVLT & NOx. N2O. RUNH:DHHEE
FHICEB L. @DASCEEEL <IFODASCDH
PGMIBIFEZIENOT & ASCTONH: SN EESN
TNH:DHFHE(HMERT 2HANH D RICEDBIET B
NOxENODHFHEE (FEM L 72, REBITDBRL S
FRESCRY X T LDSDDERET/INTA—FFITAXT
N:ODHEHEICREZR D&MDz, F2. ®
DSCRBZZIEVLT ENOx. N2.O. RUNH:DHEE 2
ZEFICERT 5 2 M TEBZH. ZNUNDLDD
REH/NT A=Y TENODHEEIZX L TNOxFE T2

WLTCE— R TDY =1L —o g Vs [ENH:DHEEED kL — RA 7 OBIRIZH 5 Z EhD
mo7z,
@ @ @ ®
.L)\.U
GG ol I e | h = 45 o0—o0——O [o—o—o
I |
e & L I
g--ﬁx o ,_.0—0—41’ ) o 1 A [o—o———0 | —o— outlet of SCR
| o I H X L
outlet of ASC
"
o =N
e | D as | R | O P
. I

0 0.2 04 06 0805075 1 125150 2 4 6 & W00 2 4 6 & 100 1 2 3 4 &
NO: / NOx [-] NH; target storage[-] SCRvolume[L] ASCvolume[L] PGM loading [ -]

M6 EREH/NTA-—YDRBREMIFTHER
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3.4 FREH/\SA - DHEFEDEREL

BIENICHIFBRESCRI X T LADRERET/INTA—F
DEMDMERDOIRET(CHE. EHD/INTA—FDIEH
EHhERBILEEHTZ. R2IZRISDDERE/ T A—
FIZDOVWTZENZENSKEZRITEDET23,125(=5°)
BODY=ZalL -3 ERZESHBRFELT.
WLTCE— REEBRFMHTDONOxXx. N2O. RUNH:HEH
EZHET BRSMEZNZFNER LTz, §5MNTZRSM
DREFZEBUFINRTOISUEERHF TH D=, DR
(2. [RRSCRY R T LDEKREHZHEZD . MESE(FE
BHEPREEEVOTEFNZR(T S8, SCREASC

DBEEDNEETZ6 LIATIZRE L. RSMZAHLTNOX.
N.O. RUNH:DHEEZEH UBERERT7ICRT .
BENTMDSENOxENH:HEEEMNBEAEZHIUT
TNOHFEEN TGN D2 L1000 B % KRB AR
ELTHHLE, RBEO—MIIZHIFB5DDERET/N
SA-YERVNTCIZ 2L - 3rETL. 5Nk
NOx. N2O. RUNH:HfH8Z&R3(CRT, =2l —
SAVHRIZHIFTEN0HHEF. RSMIZELDE
HEREDEMUEEA., EERECI U T22%ER
LTuL,

7 RSMIZEBNO. N,O. NHHEHED L — A T8

*3 BEZNEREBEROHHELEER

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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4.1 FRIETDNOER

Cu-SCREREIF. mUINOX#LMBEZRT ZEN'D
IHEIFRERSCRY T ANDEBHEA TS =T,
N:ODBIEEHLEBHNZ W EARSNTULBE,

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 <&
B0, R EZTULNERLPIT NI 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. ASCIZEHEIFBNHEB{LESE ENOF
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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 veh
license after the revision in 2017.

icle weight for vehicles which can be driven by the ordinary

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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Effect of 3D Cooling Design Parameters on Mold Temperature in Die Casting Mold
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Abstract
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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
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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
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o) o4 o4 o4

|| © Cllo M
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| ] ] ] | ] ] ] ]

|:| :Evaporator
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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

Figure 3 ufSCR_aged : NO, NHj3, and N,O concentration at two different water content

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

- 107 -

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

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,
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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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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.

Figure 9 (a) NH; conversion at ANR=1 with and without H,.(b) NH; oxidation w/ and w/o H,
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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
platforms.  AD (Autonomous Driving) and ADAS
(Advanced Driver Assistance Systems)can bridge
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.

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,
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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.

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

® 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.

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.
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