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Development of New MU-X
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e TR S R
Chifumi Saito Hideaki Maki
Abstract

Isuzu launched the new MU-X, full model changed
for the first time in seven years, and started selling on
Nov. 2020 in Thailand prior to other markets.

This article introduces how we changed and improved
new MU-X, and also how we execute the development.
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Wg S D7 L — AffF&ESUV (Sport Utility
Vehicle) 12, ©w 27 v 7 bJ v 2 OHifkiE Ly
A=V b EXR=ZIIHFELED ., AEICENL
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I VT THE 44 TE Ev o7 v TIRED
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HR5E R4 B8 Z 4581,
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W PPV Tus s M IR—Y 3 VEASETHE
L EORH & 5 TS,

F72. WSOy o7 v STy D-MAX & &
BIS, mWERGERME, INAME, 5B E b D
¥7-SUV &LT. 77V, £ — 2507 5L,
AR 60 » FL ETEZLOBERICKFHINSpEME
LRI 2 BT TE 7,

SHOTILETFILF = VY IIRng s O PPV &L T
3fKH., MU-X &LTE 2fRH &5, FIKMU-X O
I & 2, RS E O AR CIRFENE 225 K &k
M2 - a2 e &L, 20 S LCV D
TT 97y TELTESEDOLWHIZTRS, Lis%
FroThHXEIT->72 (B1),

2  BRICOWVWT

21 HiBHRE

TLETAF = VY OREEIEDSIZN 720, 15
TOMibI S, BEKRK ORGSO ELE % U235
7= B/ THIGHFAE AT - 72, MU-X DAL LT,
BRNILE RE AFAN )N 2 =T — 3L =K
FEhtnwaZe, wi s odie LT AEHEMEND
BTSRRI e h 572, — . NV (B - R8)
Noise & Vibration) PEREZ &Pt NEDE
& B O T, 1FSGETREIHE & UChRdak L7z,

NSOGB A B LT ILETALF « VIR U
BRI WETREZENMEICLD, FIREE
DTN ETOIFEE TR, RISHERBHFBEI 2T
2 BOE L7z,

1 MU-X4E8EE

* Isuzu Motors Co., (Thailand) Ltd.
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T—, =Y — FFERRPOERYT 4 THRARA Y PR
2L FHEEN TS,

HA - 24 MEOX F X AHBOWI23H > TDZ
ETHY, MNEETFTCZZETOHEED FiFehs-
ZEITRELRREH L ERR AR TS, ZOW %G
DCTHE MU-X OB ICEb > 22 THOANIZFEL B
tLAEH L EF7n,

BREMROBEL FHEIANI 5% HIZEL LT D
T, WA A 2R LR T2 2 ek 5
N5, 5l &k E EMOWEIZID AT DT, B
DO XIS HOM I AL, AROREUE Lz,
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18 MU-X O GEBIE(CDOLT

Outline of New MU-X

R T FH B
Chifumi Saito Akira Hirata

2 F

MU-X (3% 60 #FELLETIRGE S, B8RS
EVEHI 25 T0vd, SHEOTILETAF 2 v UIlY
720, BEROELLZMHFIZIBAZRS, W s HE)
BT % K58 UCHBIRRICHL) fLA 7=,

ARTIE, HA MU-X Ol AEE LT, B
FEOH, AR, SN, LA 7Y b RORfE
PEREIZBI L TR 5,

I e
Kazuhiro Kodaira Kazuyuki Matsuoka

Abstract

MU-X is receiving good ratings from many customers
in more than 60 countries. In order to achieve further
customer’s expectations, we have put every possible
engineering effort into the new MU-X development.

This article introduces, aim of the development,
product line-up, vehicle outline including package
layout and each performance.

1 [FU&IC

MU-X Db i & U%6 Ak D B I 1T b &
ZIRENCE > TRELS B D, 717 v il Tidak
DA WAKIZE VS VY v — S — L LT
DN ABERHEOER NGO, SN E RO &L
Vy—2—ZATE. b—AvF-FTu— FENENE
P, EHREOA S % < BEIK 22 A4 Pk - )
PEANDEERITE O,

T L7tk A B ESRISEWIRICTIR 25X, Hiil
D-MAX L& TE—MTHTIVETNLF 2 VD%
Fhi L7z,

2 BEEODEV

B MU-X (B 1) ORFEICN 720 HIgL2Z &I,
1 4R5847 9 % Hi D-MAX OFAF D BCR % i KPR
HULENEETNIA T B CCGEHTSERT VY v L
B HAREREMBTIZL L, IO T
1 H 2 RGMDANE TH S,
“Robust and Exclusive” 23# MU-X DR 2
YT N THBN, “Robust”. “Exclusive” ZHZHUZ
BIL T, RDOIHH #HWE L7z,
Robust:\ Y9 » §iZg 5 TIIDHA
O  FEARTRITRE M A, AR iE R & Wil
7 v 7 Lsnb RS &bt THE

@ RBEMEREDM . CO, P EDHI

® KE NCAP (New Car Assessment Program)
T 5 BAMATE RN

“Exclusive:SUV” & L TOW DA
O Pt s FEEEF OFBT 272012, BHNILE, F
DL, FREPEOR I
@ ZHANDORE, EERO,. D-MAX &2
Bk
@ PR K OIS O 7 HE

3 EREH

HIGERICHIR LoD, FAFE L HEMHL, TV
A= P A FEhaL L7z (FR1).

I8T — b LA EH D-MAX & [l BRE TRt
DH% 1.9L RZAE &, HERTD 3.0L 4JJ1 225757 —
7w T U743 D 2 i E L7z, MT OFRER A 75
W28, RGO RZAE 4x2 PIAHE AT OAD R GE
EL7,

L — FERIE 2 e Lz, B By —FC
. BEMOBIIZfili s SN 0B EAEX 5 72, 72
L. 7L — FREEROZERMIE, DA / 2500 OENT
RIE U, FARE X R HOARE L,

* Isuzu Motors Co., (Thailand) Ltd.
*ELCV R EIR% E

** Isuzu Technical Center of Asia Co., Ltd.
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T MU-X OEEEICDNT

k1 HERREH
ERE) 4x2 4x4
Engine | Output |Emmision| M/T | A/T | M/T | A/T
1.9L 110KW/
Rz4E | 350Nm | FOEO | @ | @ |~ | @
3.0L 140KW/
4JJ3 450Nm E2°ES o o
4 RoBE

4.1 INyr—T BT

L ENT TR/ N G = S FB 2 0 4 T =BT eI Rl [
L6, e, 220, BN, EREOSGE* H
fHL. BARLAT7Y P ORBE LT (F2, K 2),
O AEAEHTEL 10 mm FF3Z T2 iR 4
o L X8ans, FEREES FHIZTFRZELT
Ny FOVT IV ZEMEIRL, 35IH Y — Mk
TV 2 74 =V 7 BERE A B U BN, P
%Ak

RS & B ORI A2 IATF 52T, BANDIA
SR&, EiE A A

Y aYT — ZHiICEEI»D, BT SV
WAERETZEIZ&D 2nd ¥ — b OFREM: 2 1A E
K2 FEHT (F1MET4X4 AT 4JJ3ER)

@

®

2bE (mm) 1, 870
2 (mm) 1,875
A — )L _R— A (mm) 2, 855
ey B /%) (mm) 1,570
/NEERFEE (m) 5.7
R e 265/50R20
HKE (co) 2,999
ooy
4403 HA (kW/rpm) 140 / 3, 600
kLo (Nm/rpm) 450 / 1, 600-2, 600
SRV IY 6AT
THESS (kg) 2,155
CO#EHiE () 194

4.2 7oy N TA+—L

75w b7 & — ARHANEHT R D-MAX & L5 T,
TIEN A= DN SAVAZEIVES NI A= D7 N A VB
FHA PR, TV — AW O PR % FEhi, THIZRD
WREMA. Bt KO LR DA F &
RO .2 X 5 72,
O 5VYIYTHAINRVY 3 vid, FEIZFTFIL) Y
s OMNBEERETIETO— Lty 2% FIFBE
LIS, AR TAFOHMIEEILTTHh#EE L
F5Z e, v — Ll kg m b, F2 8
D-MAX CRRLZ70Y N ARYY 3 Vv S
DY ENE, D OHOSEE & FB,
V77V —=FI23, E— A4 VF v VX EH) S —
FUTTL—FDOF 4 ATV —F & il
BOE & Uz, ORI R et 2 iR LoD, EE)
IN=F V7 TL —F O — MERIZK AR MED
Il =5

U2 A VNORE %L L. AT DR
e yloBRE b AFEHR, V7T FoaZ2 AN
EINUNE =L ELUTHERTA 28T, B2
IZF64) B BRI OB BB 2 X - 7=,
BREL & v 2 0%, BE % 65L 75 80L IZH5 kL.
futoe R D AE R A [X] 5 7=,

@

4.3 HiEMEE

4.3.1 IRENEREHRE

PR LD g s e pigeir | gL, N —
F ¥ 70 b BTFIMEFEANO G A% Fhi, CAE % 5K
fifi U7z JRED S MERE IR | 217 > 720 KRS NV 68
AWE L D-MAX (2019 F7LEFILF 2V Y) %
N—=212, KT 4 W77, £yvafrvab—
Vav, 7urh—~y b, M) ARBEDHEMDE
HREL. BREREIMED E (V7). v v oIk
B, A7 4 =y FOKRAUL, VT b= by —
MR AEEIZED, 752 b T L Ok % K

EyIhA> M F IV -JB% T3
ZeCEhzE D REEm

T2 HES— Kz 25mmai7sic
BEL. FIFIEREEE

3FIES—NC YISO IHEEE | | BB B FRERIMAINEBI L.

EALIRY/ DY -V Stk RER

L7,
EENMUBREIER £ ]

= H ——

J0> MA—=)N\U )RS EE Y HTERE
HWEONYNEEETTO—F 7> IV OFEAR

ZMIL fEATEELLmE £

J

A —NR=RFERICEDR YA )V &[] £
AAPINARBEUCED. S/\EEEHEE

2IREEYIPYTERE

BIBSIRITEBMEDTIEEERY

U7 A=)\ BERUER
[ESSExEdmaIng
REBHAVUGHRN — R FEAR

J

X2 Nyr—2LA47Ihk
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4.3.2 BHEREM-F OMMERE

AF 4 MR, 70— allEom Ficky ., #k
ZEMEDKIEA A2 L=,

AMDIZELTE, D-MAX Ak, 7y b2y
g VEMERTET MK UKIRSR & FhE, 72, Y
THAXRY Y g 370y b ARV Y g VIZE DY
it % X% Z & CTHE L RO, 3R D DD K
BEEEEK L (B3),

B #ED-MAXILEERSL
K3 7oy bh74—L4
4.3.3 #70—NidEE
Shl, ZZC)F 44—V O —LIZH R [97F
LAVE=F] #5722 il0RTWIRIHTO 52
g VO A 2 7O, BEEGERE IS DN TR,
WERTET VIR LT 70 v 7 EADET, K&EL
PERE % 872,

4.3.4 ZEHHRE

CAEICK AR EDIAAIZINA, W§ SLCV
(Light commercial vehicle) &L TiI#I®HT1/1 2
HHATNZTr = VBTN AFR L, BRI TAZ AT
YA > —, HPFEER IR 2 N =28, BT &
HI D 2538 0 AA%EFN i, CAE (Computer Aided
Engineering) £DaAVL — 3 YV ERDENRS, #h%E
RSBF AT O fERTET LIS L, Cd (EXIEHiTR
B 3 %BEEX -7z,

4.3.5 REMBE-7UT717&—771—/ADAS-

B [MU-X] 13, W s S Es g v 27 4
ADAS (JeieiEfin %35~ 25 4 @ Advanced Driver
Assistance System) #&#. V7T —)LF TOfE
FHORFNFSHAT LA H A F12&0, B %D
TR LTSk A B L7z,

[Ny 2 TE—T7F 1/ BRREA]

T 72 75 18 92 BT Al O X G 2 R A FENE S 5 7=
. MBS KD MBD (7L — Z % : Model
Based Development) (ZHD#LAZZ, £72, wILFK
T A RN 725 4 [MADYMO] % FTRERK - 5
ARG 2170, ¥ v YT L — AEAGRE R A H)
DEHT. [RRRICRBIRGERE DL A 77 b L RE R
AN ML=,

Z—ITFNy TR, Ty —HA RIZTNy T
BERE L, BeEMoE 550 EE2 X - 72,

4.3.6 (TABIMHRE

DTHAXRVY 3 VORBEUZEDET, GTW (i
KIFABIER : Gross Trailer Weight) (ZHERTEHD
3.0t 25, D-MAX &A%, Ev o7 o7 -8y &y
Vy— =L ELTUIZIAL v T D35t AL
SR,

437 EE

TAEVERE KON, NV (IRE)5E : Noise, Vibration)
PEREDRefi B I & O s RIS 208, RE:
M Lo7=8 . EERNAZIHITRLS FElE R EE
afE & UTHLD #fLAZZ,

RS AT 12 K 2 AU 2 JEBL O HEBR, & SR 8
FROERHFPH DA, BiEY 7 7 — MRHEORF
BT, MU-X 2= —2 O DAT 50 Kg YL EIC
K S E A FEB L7z,

5 &bHUIC

FRIMU-X OBR AR A5, £ FEBARICEDH 5
7 RTCOBUREITEGH L2, S8, BRERIZEDL
)P XNB P EELATH S, HERTH D 5 DML E
< FHli SN B RS T 508, Bl & & IsHi - B
K OVEMEESTL B ZEIEMETH S, SO
RCHAEZLDZEIZROURBIZENL T L E
BIT, BB BERISHB TR S % 8 ROHIED &4
T FifETH B,
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The Styling for New MU-X

VEJIT R

Tomonobu Nishikawa

S h*

Taku Sasajima
£ F

FAIMU-X1E, WSOy 27 9T T 970
[D-MAX] OJRAEHE LTI EHDORM x5,
MU-X D74 v &R U HDE IS L S8 5R<
WS FHA ey 4 —Tid D-MAX OIREH LS5 T
Bt & &L B 7 A Ik LAz, 22T
RIMU-X OF A VHFETaXx 2 L 244 V27 F
AL FHAF OB L IS S,

51 = VN

Masato Fujii

BHN 53

Yoshimi Hasegawa
Abstract

The new MU-X is the third generation of Isuzu
D-MAX derivative vehicle. In this project, in order to
evolve the design of the previous MU-X to meet the
needs of the times. Isuzu Design Center focused on
developing a design that expresses the unique value
of the derivative vehicle. We introduce the design
development process and the styling features along with
the designer’s thought.

1 [FU&IC

THA Va4 — TR FONIGEIROZEIIx L
WD 2ODFEA Y MIHBE LENS Y 2T NSNS
ZAANARTE ETOTHA Y FIFICHD A,

12OHIZ., BHERE2SE Y27 9T T v 7k
HEETHRA 247D SUV BIGICHRA S F s
WALL TR Z s, il THIN Ly g TR
MEEEE | EEGEWEE WA TERET L T2
AANIZIBAONDBAETHA Y CHlHTHZ L
L7z,

2 OHIF, MU-XDEL S THET7XT v &l
ELE % 2T ZOMO B EENZ W TE HE)
HHin AL TE T, @VEmttskovohns
RERANEZL L TCETNBZENnE, THAL Y TIEy
ZFVT . AVFVTDAZANMNNA, VT A& WA
7o AR A PRI SRS BIRO KR 2 1m) RIS & E,
HGOBELRIZBADZEE LT,

LTI

ONEW MU-XZ@UT BEERCIRFLIZVE
FiEeReros, kACEBLEm3 [§80D] Proud

mEs R0, coaTeEngies [ ikl Exciting

BIZ(E BIRARTIVICE 2 ERUFITD, 182 LIV - TEEIRBERREFRTH>

1 3 tFhF—T—F

2 Z2AAL)are7h

Yo7y T M7y OIREEDORHHRTH 5B X

EWEPL [RiEERE2<kD, KA 'Q'I“E"’Lf:<72£

=50 | & [EZFTEEDHITII 55 =K
FIRMTEEATFYAL v R ave T M E E’Eﬁo
72 (B1) 7uy =7 MIHICE TR~ =7 v M Th
L84, —A )T OHiGHEEE T L=, T4 —
T = RO —HF = DA VA 2 M, B4 X2
A AR—T 4 SRHEEEDD 5TV NDOELEN
TR EICEWZER G o 72, R ESEAT
2 2T ) TSN TUI SR & HEBh & A JF 2
2 “Emotional & Solid” #Z2&A4LavvTF &L,
AVTVTIZBNTUE 35 7 A3 DFEHMEEER L
BREL->nheLzdED e FEAZEm oM. % H i
T “Solid & Elegant” #2424Vt T | LDz,
(®2)

Styling Concept/Theme

2 AV 7 w7

EFYA Uy S —
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3 IVRAFUTTHAL

3.1 RZA VT HEMRE

MHAZT — 2T, 227 b THh5 “Emotional &
Solid” ZFEIZ, 5 AT 4 # KBTS “Powerful”.
FEHIXLHEEEAKZ LS “Elegant”, W4 L LT E
W “Noble”, WHEENEA KBTS “Sporty” D 4 DDA
AANF—T—NEEXHNL, ¥F—IF7T7 4972 %
TCZTAT 4 TRy F Rz (K 3).

AZRANDI A EED TN I A TR EH L
DX 3HT ARy r—VLTE— 3 P GH
M 7aR— 3 VANV, EBEZETH 72, TaKR—
Vg VOREITCIX, 7 ALALICINAERREEIZREL
BR324 VEIZTT 4 w2 ADEEE KIRIZE
B$B5E ., A BTATT ik,

EXTERIOR Style Keyword

< ety

TJay b7 A A, VTV ROTFHAL LT
TG 26 D-MAX DX AL %50 < WL Xhrz
ZeERT. LD EWEDOHEA4 A -V 2 fil-25Z L

Bk LTCTATT 2B Lz, 2D v F D
NPoBIEXDHERVWVCEST —TRITXA X AL
AR R4k &, AR—F 4 THUOR»AEF Y EY %
KB L7 B%E (B4H8) 2794 2 OF kOB
&L, HNZEBOMEE, EE&, ROz e 8l
HPSIVE—Ya Vs I T 4 9y A OB EA0
VETFPRELUTGEIRLE, 7094 Z2TFILADAT
DFINZ 3/8 A7 —LEFLA/ERLIL . HEKDZ
ANT =~ DR %#1T > 72, (R 5)

5 3/8 R —IJLETIV



i MU-X OFHA 2D T

3.2 ZIVHAXZ 41 IViaET

TN A ZET IR OPIA 2T — 0 Tld, 7aR—
Vg VOMEGRE AT 572, 3HIHDOFEE Sy r —
VEFDENS, L—THEORIE)TIA VD
R/ NT V22252 THFy By A B, M
WHNZART 1 DJEARERFA Lz, 70y b RO 77
AVTCE, 72 —=OROMLICMAT A 70T,
Ny I Ty T T T RAOKGE BT 0. ko7 a
A=V a VEMFFEFOEEDAAZETILEL, (B 6)
HNNNDTLE VT = 3 YV ET 5 72688, 2440
DOFEIEEINEN, =7 v M 5I3E LS |
W& pIf) ) 72y RIS AN A S Z e HE
YHxhz,

3.3 RZAIVRE

RAZT YA VPEICET, E& ) EozwTay b
VIR EB O FEM & QA MAS DR kT 4
T LRKBABNUL, RSSO T7AT VT 4
F4THB [T—ILrruzza—]| 7))L (k) %
R U7z, 728 4 B4 R & 4283145720,
[ A mDL Loy g VIZHE L, VT T VICE
WL, 774 P ONEKRUIMEDOEIEICIA,
VIAF v EEH ANy NI b EREN T v b
T5ZET. E&E & A R m X, i
BRI A 2T (R 7) IZKBANEREFE DT
LYY T =3 g v, KRR T A IIPITE LT,

3.4 IYRTVTTHAL L OFH

R MU-X D2EA4 ) V7 Tl 277 - 72013,
TUR—=2 3V THB, 4L > 20 T2 4
VA EFEOFIRNERT 4 LU E vy B &
MAGDERZEIZKD, 3H 7T AFODISy r =V %
Fibahns, Nl 2R—5 4 k7uk—-v 3 vV EE
By (X8),

Tay T YT, SV EEEIZYD S e
HiANHLHTZET, —ZDOEXA®mIA L. o
T EMEDH B rENE L (B9),

F7-. PVILERICIZ 9 ) 5T B AR X B I
BEAHN, WESORTIVETATF VT4 T4 %
HThsd [J—rrvuzra—]| ZYILENMAZBAZ L
Tu— F LYy 2 E2Emn- (®10),

-
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& ity . S
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VAT A' -2

(P e
ak\‘\‘

e
r—"

X9 70O YA DI

New ISUZU Identity
" WORLD CROSS FLOW “

10 [7—=JkyOzx70—] FUI

VTFHA Y TR, 7Y TS Y EIRE L7k
MNEEHLZVT M — TS Vick > TRT 4 2k
OBREE BT L5 2T, AT 4 6k LzY 3
MG =EBE [NNDOF] 1WA 7S E I IZED ) T
AAXYNDINF oY 3 v EELES, SUV 6 LWWJE
ARELE (E®11),

ANy RIA4FROTF—LI4 MZBILTE, 8
HOEEEH 2010 Yy =T RIMEEL, v
TAF v EKBTIEZZTEERH LT K54 4 —
VNZT B, [BnKL ihizR%] #EF -T2,
ANy K4 M [7u—3 % F vy —] F—LF4
3. RPREEF—TIZLE (94070 b TR
Fy—| %L (B12),

RA —IZDOWNTUE, 18 A VF, 20 A Y F &8I [B)
x| ERMICLETYA Y L 184 Vv FIRE -
VIV = FAEEF—TIILBETAL -2 EDE
EBIL, 204 VF CRTARAT v I A EEF — T2
KA L >»DIRABEHI BTV v v T Tk
L. 2~ Oz E#H L7z (R 13).

DT7THA 2 OF#

X 11

181 F RV 20 1 FHKA—ITHA2

X 13

4.1 ZRZA4) T H a4

AVFVTAZANT YT FTHD, “Solid &
Elegant” #X— ZIZAZ A4 ILO A% HiEIZTS
728, “Rich” “Impressive” “Fine” @ 3 DDA X —
VEF—-UEY 2 TMIIEEDZ, (B 14) “Rich” I3E
AEL oD IEEFRBIL, “Impressive” 1ZFIRIZHE
LZRMEELD5 A, “Fine” (&, MIEBDER & B IEAD
O EZHRL TS, ZhE6DF - — FEITIZLZA
Ty FI = wERL, PWREZZANT =XV
Fy I8 &KL (B15),

INTERIOR Style Keyword

14 REAIF—-T—FK

2 DA 5 FOHRMEFITAINS =V bEbdBT
ETHIRM =B E L X B, BENEAROT4 Fi&E
B THIETENPIERUEES YE (RI16) %3
L, METORR, EHICKFZHUSF: Y 7045
A VICHB AR T, L AR A OZES Y
KhaA VSIS Lz, LA ZEF ARSI
BTtk I 2T — VTl BEEDRA ¥ Mckb /e
HIHUSF vy 5324 R_RRKIAVFOT 4 AT L %
IWNHBY Y ZTTARDINTG VA % Ui & A %
BlCcx 3 AR AER L (B17),
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CONCEPT: X CONCEPT: Y

16 I>tE7P XY E

4.2 ZAAIVIREI~RIE

bk % 2 STARKERG 2 GRIT SRR L7225 SR, v a0 92
AEBD KR EREI & KA IZIAND KOEDPET v 75—
I8y R CTEIBRIZEDA VR oD fkEE a v
V=L KUOR T b) a~OifttE RBl$HZ 8L
720 BEBOMETTIX, AT T EME#EID YTk
Mo G A D=, BRIIZIZ, 133D EOHh
DEBBYX VD TARENE ) =TT,
Y7 )Ty 7 DIRWE &7 T L4 F O 5 I
EHAGDEDLZ LT, WAL LEE LEIgKE
Ll 72, T8 —=%y FOER L #H) X872k
JHZ &R IZIE. IR OENY v /S — @R LSy
FOREAREMURr S @I LI, ¥ — b, P ALY
Y= b BEDYT b T V) TRITIETA R — @A
HZET, EEEKREHS PELAFHRETHZE
- 720 SRR & G RO EMOE Z A ML
7zETL (B18) THHNAOBEBREIZT L ¥y T —
a YV ETo 7 HIRIE, EE&OE 2 HIKR S h
7=08, BRRERON FQAFEE R 5 7,

AL 2 Z A ILPEIZANT TR, B FICED) fLA
2, BRI L TR, HWMOF Y 704254 2 KU
| R OO Ll N 1 Nl B YA e s I B B N
L7ze 7 —T—F 43— 3 JIZBWTUL, [ 275%%
EF7 M) ADONIE & BV 7285728, v — beEDY
T2 TF TR AEMA T I B E Lz, $72,
VY= LFHODI T TITINET T 5 2I12T52
ET, AV3x 5y — )L EFTOHGIRRA BRI L.
TG ORNE X % BEAL 72872, iR EET L (E19)
IZEBHNNDTL XY T = 3 v EIRR AR T4 A
LPTE L7z, 19 BERINVFAZXETIV
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4.3 BREADHEY

AVTIVTTHA Y OHR T )5 7z iR NEEDE
&TH 5., RV » S, B L2 HBET3
A DT — v F— 2k FF, A, E
TS MRIFETE. EE¥E. BEML RTEOWT
THEREM EORA Vb EBRGE Lz, oA 7)) TidE
BRI LZIRRE T, FL 720 72045 P
FRENSZ ZEITHH LAERIICEROE S 23K LT
W ZEEL, WA KREL 320 TIZH., T —
F U 0F — L THM L2 B R A LKA v b AT A
VKM LTI -7 (K120),

(G52 FRHETA] TE RENFEOHR TR,
fil T CEMNXEELCTE S D 72D VIADEARIZ E
W, Fv I8 4 v EEEMICKS T RETT>
720 BNDBINZH BT — LU A NI, FNENEMM
B bMEM T IR L ERiOALAE I R TREK
FTHIELT, RTINS BN EZE L,

[ b ZA] 12 LTUE, FMOFE1E, X
TR, BERAEE L) Bb & N idE
U7z, UR S &L % Fs D faE 03 il s 24 o FJ6 ¥,
F7NYFLVEICE, Ay F &L, $E5 Lk,
METLo»DELZBIRABREMRIZIZABZEEL
7 MBI ABEZ A T, filha Z i3y
ICHFUCABZERZ WY TIZHEH L, B8
DEMEFE AR DS A iET 52T L
W BRREEABZ w72 XV 82T A8 DA
KO, A — 2IIER DT % T 538 % iy 12
#H YT (K 20).

F-BNEERICEONTUIT VBTV FFA b AR
ZHRCE L. BiOF7 MY 20WHEE Y Y — ) FHi
ARG Z & TR 2 3 AR RS A v U B RS R %
Ak xe (®21),

O/H Console Door Trim Garnish

IETE SN

TU7CEDERBRADIIEDD
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5 H5—-<FYFPI-T14=v>1 (CMF)

CMF FHA 2B\, £L O - JBIk# G

68/77/fb5/7FDNMXJt@E%ﬁ%%%
ATV, JIaR & &P & & DFE RO Y S AR
OEBULEHWE Lz,

51 IV9AFVT7HZ—
ZHABEREMRDO=—XITB A2 5L, D-MAX &3t
HI2[ 7597 I —- L —-TI—-Jy F
DFTA b ITHRFARED [FT4 b S—L - T
X, T 2TV T TV VD [ EAE- iR X - ek
& OFFKREHIE L, A 2 -2 —VDFRTIA b
X MEIOBELIZED, S ZON T4 b EH
SHREDIY 1 — FTHEL., T4V i h
72K T4 b2 S— LAt 9EERDIZRIHT L=, —HDF x
SR —=NTF—THBTIIVIE, FLVYOINA T4
FEWHONPTHEADD DY = — F TR L, Pl T
HLIAT Tﬁéiﬁbt (X122),

,'

SPLASH WHITE MERCURY SILVER ONYX BLACK

OBSIDIAN GRAY

SAPPHIRE BLUE RED SPINEL

DOLOMITE WHITE SANTOS BROWN

E22 IHVARFIYTHST—S5A4F v

52 4>FIThHh7—

WA KRB HBIMTOF —ILT T v & Hkk
(R 23) I2MAT, WirEKROLIHHATOTT v o
DIFAEIZT IV AR L=HEE (K124) D4 VT
THI—A—FT 43—V a VEREL, TT9 7D
HFCIZTIY BRI LEZHREZ, v LY RIS
BPOWTERCOL L — 2Ty DER{L=—XIZ
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Body Design for New MU-X
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Abstract

About new MU-X, based on 3rd generation new
D-MAX, we aimed to enhance customer satisfaction
with ownership by combining durability and reliability
of Pickup trucks with the comfort and luxury of PPV at
a high level.

This article introduces the development outline of
each body design.
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MU-X
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M Ultra—high strength steels (980MPa)
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Advanced high strength steels (590MPa)
High strength steels (440MPa)

M High strength steels (390MPa)

[ Low strength steels (290MPa)
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Abstract

This development will be carried out in the Thai and
global markets while maintaining the high reliability of
the past.

A high level of comfort has been achieved, such as
driving stability and riding comfort on actual roads, as
well as reduced driving operation.

This paper introduces the outline of development in
each chassis device required for next-generation PPV.
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Vehicle Performance Test of New MU-X (Part.1)
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Abstract

New ISUZU MU-X has developed with target
performance as more roominess, comfort, luxurious for
multi-passenger based on 19 model D-MAX pickup
truck which is popular in Thai market.

It succeeds to reliability, economic, practicality and
safety of 19 model D-MAX. AS the result we achieved
performance with which customer can be much more
satisfied.

We explain the evaluation details of power / fuel
consumption, noise and vibration, handling and stability
/ ride comfort performance.
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Vehicle Performance Test of New MU-X(Part.2)

5 * RS * Lk W %
%iE BZ ([P Au MA ¥t ANiEEYN HE
Masahiko Gotou Hiroki Tsukuda Tetsushi Matsumoto  Takahiro Koide Kazuki Tashima
= = Abstract
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R M2 s et 7 434 (ADAS #6E) 2 8RH$5
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New ISUZU MU-X has adopted various advanced
safety equipment (ADAS function) and improved
collision safety performance in order to obtain NCAP
5%¢ from all over the world.

We explain the evaluation details of ADAS (Advanced
Driver-Assistance Systems) equipment and crash safety
performance.
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2.1 ISL (Intelligent Speed Limiter)
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2.2 ELK (Emergency Lane Keeping)
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2.3 ACC (Adaptive Cruise Control)

L HE IR e T H & O B PR A MERF UL SIS Ik
FCHIEAEf TS, AFLAHI AT STV KN
TL—F 1T UIIOE % $5R 975 Z & Tl 2 175
2, I EBEOEHER TIE, =Yy s =T b
Lo LT —F O D EHEEZENEEL,
FAFE L], B ERFIIE & JOE 2 f 0 X %)
FAEL QD ZATFLAHATHNEDTL —F DK
HHEROM LI &, 7L — R ORGESRR I 4558
WEVEAE ST AZ LT, PRI E 5555 T
L., EEICBT5 ACCEHPDT 4 =) VA
Lz w7,

ACC EAEETRED HEREEL, FIA /N —DhfA
1200 U TP D HLRR E 2 5 BN B2 ETE S,
W s HEJHE TREMILIEATH B ENANT F T v 2O
ACC HifMREfHZ, & MOEHBREICBN TR RE
B ZOND MG T 2 M A7 PRk e 25 &5 e
LTCWAZEIZR L, MU-X OIRGEI O — T35
WHLFREE 2 U N 2 A A B > 72728, MU-X D
ACC H O HiFEREZEINAT F 7 v 7 & i U TR
WIREECBIEGEIT TE A LI FRE LTS,

ACC ERHIZHATHEIMEH L2545, ACC HilH
KD TV —FMEB L HE S EH T8 By 77
TINS5 27 THD D-MAX OBE . —ERF g L
720H BRH R L [EIIC ACC 2R L. 7L —F
BfEE R IA N —~"FTRB Lk 5> Ths, ZHUTH
UH MU-X T3, ACCIZk B 1 2 B i L
7206, BES—-F 75T —-FAYDEZBLZET,
MR R s > 0B (R 7).

B AIERRAR

ACCHIICTEEFRF
ZOR(CHI SN FEE
UIB 5. A1vTIRIE
FEETICIIRFC
ACCHIBft FalsE

ACCE—F : Hilfeirp

BWE(—F2ITL—FA
wEz
ACCRRIREEBICTEH)
JEF T —3ATD
B, 5es

ACCE-F : i
7 ACC FEROX — 2R EH

2.4 AEB (Autonomous Emergency Braking)
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2.5 Pedal Misapplication Mitigation
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2.6 LDW (Lane Departure Warning)
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2.7 LKAS (Lane Keep Assist System)
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Vehicle Performance Test of New MU-X (Part.3)
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Abstract

New Isuzu MU-X has developed with target
performance as more roominess, comfort for SUV based
on the durability and reliability of ’19 model D-MAX
pickup truck.

We explain the evaluation details of brake
performance, electrical components, roominess, strength /
durability, and environmental performance.
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Manufacturing Engineering of New MU-X

K R
Hiroaki Nagai
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Hirokazu Miyatake Keita Shirai
Abstract

In addition to the product lineup of the new D-MAX
that precedes it, differentiation and attractiveness as an
SUV are required.

Among them, it is required to review the conventional
construction method by thorough weight reduction
measures as the basic structure of the vehicle.

This time, we will explain production process issue
triggered by the new model change and introduce the
correspondence as Manufacturing Engineering.
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The RUPD of ISUZU "21-Model GIGA

2 F

RHTETILTHBH 218 FHTIIRIEESh~
UN-R58-03 NS X 5728, RUPD O#ikiEd
KuEIT->720

UN-R58-02 2°5 03 ~D EHIIE TiZ RUPD I
PR X2 08 & HUH JEE DR b <, ERTDT/Y
A ZITR U TEBREALDOXHBS R E & e - 7223, [lIRE
12, BaE MR N OB & 725 5 E BB O] A3 A &
VA

A, moREALoxHe & RO ME % H
ff)& L7z RUPD ORAROBEIZ DN T 5,

IR

Takayoshi Serizawa
Abstract

In order to meet UN-R 58-03 requirements, the
new RUPD was developed for 21 model GIGA. In the
legal revision, the strength required for RUPD were
strengthened, and the strengthening of the device
became indispensable, but at the same time, the control
of weight increase is a problem. This paper presents an
overview of the development of RUPD, which aims to
achieve both higher strength and reduced weight gain.

1 [FU&IC

WRINIZI1F % BB o 215512 RUPD (%
AP IE24E : Rear Under-run Protective Device)
(1) OEEEERA UN-R58-02 75 03 N&UE Sh
7z (®2), EAIZET5 RUPD ICB4 250 ((R%
FEUESE 18 52D 2 [RABLIEZEE ]) 12T [EERTA
HLUN-R58-03 OFifljFEUE N — FF A4 XTI TEHD,
BHRBUE D ET Sz Fri OB 4E 2T,
GVW (Hfj#88E & : Gross Vehicle Weight) 3.5 t
A A B HE 2 LTTF /3 2 D BRI HEHE 3 iRk X
N, WERTICR L THEEZ 2507 X M EIZIA S Z
EAROENT NS, F72, ffEAM T X M ZIWTHE
HljOY v 7L —LEHHTEZENEBEMNITON
7zfti, RUPD O£ &, KO E&EIZB 42 HEs
EHIND5E, NN U CREmOERD EOE
DL ->TNh5b,

— A, Jl R AIEE OTSE, RO AT 2
HIEOXIBEHA R L D h, ¥ v VICEEd 5%
BRI UG TS, 20728, ¥ v VICHT5 1
B @ EER STl . EREMOMHIZSET
b5

RUPD O & b & R MOMH] &5 M3
BDERIZEZ 5720, 5O RUPD Tid. ko 3 HH
IZOWTHREE1T > 72,

O  AF—EY S SO#ERRE ISR

@ TIIEYSSOWRE O G

® 27 —ORRIBIER & fHE O RE b

1 RUPD DOERmIER

UN-R58-02 | UN-R58-03 (GVWSHE)

BUMPER 100mm o
MiEm(A)  BLE 120mmed £
OITHA:450mmEL T
OU=JHZ:500mmEL T
BUMPER 550mm O550mmEL FADEAIELE
it FiS(B) LUF DI EN T B8RS
IPHR:2550mm, U-T7H92Z:2260mm
LU-hE-/5000 - 2%RBL EBRE)
BUMPER 400mmELT 300mmEL T (5 E ST
HIRAIE(C) (FEARR) 400mmbL T (s &aeily)

P1,P3:GVWx25%
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100kN
HEEAGR AR or EEHARY WrEmmRRENF|ID I L
[N N
[ B e
T 30025 700~1000 [a
D | c L ¥

'2 FIKUPDiz*_‘\*E@EiIEW{'E
2 BERAHMK (1180 MPa) DixHA

21 BE

WS, FHBIZBOTUIEWE MO R L &
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HATED, T S I2BWTUIKMEO FUPD (i
B ARG IEYEE © Front Under-run Protective
Device). /A1 Hi ¢ RUPD (2 5 T 5] E 5 &
980 MPa D@t FEHAL T T3 (B 3).

FeHHIZITWOTUIILERIRIE 20 £ < 2.3 mm D
WIESAMR A B &% > TOBDIC LT, KATHO
FUPD - RUPD TIZ KA I £ 5 728 L A 5
DJE t = 2.3 mm DEMEHIH A —X Th 5, T
FTHIEM X 1000 MPa %8 2 % BAEHHIZ T 2 +
T HEDFRE DB B T Eh b —fRH TR h 5 72h8,
AT EVEERAR OBIFIZ X 0 . T % 3 A £
721000 MPa #OBGEGIHR A EAL TS,

WIS AEIRUPDD/T/C
7sompaﬁ WIS ARIFUPDOD/ (/0

INBIRUPDD)T)(

i)
ol | 980MPag |
| 1180MPa |

[ R

K3 ¢ ¥ FUPD/RUPD Ei&A1AiRDEE

2.2 HEEADAY v bk

21 MIFH T FICFEEH (40 7) ITEML TS
2F = VBN UZBWNT, WSO T w7 TEH &
%5555 X 1180 MPa O BESIH % % FH L 7=, 1€
HIEEDZF — VBNV SIZERH LTz 780 MPa @
EUGEGMR & el LTI 1.5 505 EM & 4 H LTH
0. KO/NEEWE - D FEARRC KA 2321
BTENBEE LD,

FRHOMENIZ Y720, 31t 27z UN-R58-03 D
TR FLUE A XA IC B E A M o E R AR
FLUASHR. 780 MPa BEHIR 2 i FH L7255 134
HI NS TR 1.8 R D EHERM & £ 5DITx LT,
1180 MPa #4 4L 8 B % i F U 72 35 & i3 e mif kb ©
1.2 5. EEMMOKIEZMHIH RIADS Z &
bhr -7 (R4),

O e
= 1.8f8/ a
z, % ' R58-0
g \ q* 8-03
?IDIIII 20 e 12{%1 ~ 1180MPa
5 \ R58-02
I 10 780MPa
=
A
<0 '

500 1000 1500

HE8E[MPa]
4 NONOHTEEE

2.3 INNHHEDRE

BN A P 57201235 O E 2 /N X<
BZE VAV T F —ZADKEILEE A IELT5Z
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WZPES 754 2O E . 23 S ERIPES
KB EIEREEDY 22 Th 5,

WP 2 P 2 G M OME, LA V7 — 2
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W, VAT ALK E Lo - WIPE A S A Ak S
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2.4 B8

1180 MPa ZAAEHH 13 5 B3 M PIENZ R F A T
HBEDD, FEHIZH 72> TRD 3 OO RE % fiRe-§
B HEHDH 5,

O I

@ RN EGE

@ VA E DORER

1 DOOFRETH B MIECBE LT, — RIS
5 R XA E K R BIT oM, O RS AL § 5 fi
2385 o MORFEIESINR A T 2 BRI TEIC k&
SEEAERITU, MOREMEO R AT 5 &, #]
WKy 2 REDMENECEr — 2 hd 5,

1180 MPa BIEHMDFRFIZ Y720 | e 5 b %
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LTHEZ 4 8~ 6 BPONE( BT 000 - 72,

AR L TR0 B 2 i Tl b5
A %47 o SR, OEREIC &L 5 T/ X0y E %
ELEGARICENYRET LI L AR L (K8),
%72, AT OIZIR A BN ERE -9 5 72 IR
BB MR L (B9).
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DI VIR O MBI % MR $ 5 L CEBE AT
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ER IR TIE. RO AN K 5 BB TS
WTC, R oBEZ R LIZK 581 (DITF. [HAZ (B
B - Heat-Affected Zone) #kft] &IFES) MLz 3
ZEDB—RIZH SN TS,

ZEIERFH U7z 1180 MPa #AEHIH Tld, FAEMIC
THPER O S JE ZFEfu L2 TA, BHEE»S
10 mm FEE OHIPH T HAZ WL 2588 5z,

70 b CHENE LN SR ERER Tl CAE fii#f
TRD SN2 KD & /N SO B & 72 B fd ] A3
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3 FILIBININICHIT R EEEEDRET

31 =&
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K f # @ FUPD (Front Under-run Protective
Device) Tl 7000 2D 7L I MM EHLIN TS,

Sl FIh —THIZBRH L THAS 7L I8NV R
12, 7000 RO EE 7L I MO % BRE L, it
HIO7IL I BN IZER & Tanvd 6000 R 7L 2 44
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Construction and Utilization of RDE Development Tool Using for Planning Stage

KAGR  BE*
Yasuhiro Okubo

2 F

FPg THEM T 2 WE & FE i 3 5 RDE (Real
Driving Emissions) {ZRR L2y P VIR AT
7=9IZ RDE ¥ & lie 2 B/ 38 — v &7V
ZLIZHEKT DY — V& FE Lz, 20OV — L% iG]
§5Z TR A 2 B S 23 N HE & 7 % AT/ 38 —
VaERMTZENTEEEAD . AR TR A 2K
W35 X RORREH & /R Z LT[R - 72,

VETRERES vy Al EA
Hiroki Seto Naoya Ishikawa

Abstract

Our simulation tool allows generation of random
driving conditions compliant with Real Driving
Emission regulations to study engines for actual road
exhaust emission tests. Using this simulation tool,
the worst case of driving condition was extracted, and
guidelines for countermeasures to reduce exhaust
emissions were provided at the planning stage.

1 [FU&IC

WRIN Cld BB R 9 5 Rz L, BRIV S
A & xR BITHON TR 1 IR TEIIC
CO, &HEH 77 Z % HLHI 4 5 BOR A B IC s b S h
TECND, ZO— )5 THIHTRIC I 5 BREGTG 4D
BN ASEN Y ZENMEE LRI N T
W5, ZOME % R 572012 FZR5 12560 B HEH A7 2
HE #9345 RDE (F2%ETiAER : Real Driving
Emissions) O¥EADMG /e, T4, RDE fig
TOBMEN U@ FED . NRGEHE (N1 class3)
12 LT 2018 445 RDE BURIDEA BN IEE 5 72,

x£1 KMICHEITS CO, ENOxBEFIOO—K~ vy 7

year 2018 [ 2019 [ 2020 | 2021 [ 2022 [ 2023 [ 2024 | 2025 | 2026
[ 15%
0, Erpalisg)tn limit 175g/km 147g/km reduction
g from 2021
NOx Emission limit Euro6:0.125g/km Euro7:T.B.D
1.0
RDE CF (NOx) 2.1 1.43 (predict)

RkJMIZ 3513 % RDE @ NOx Hiiilfig ¢id. CF (i
B 1% % : Conformity Factor) 23R E SN TkD,
WLCT (5% iR 4 2L : World Harmonized
Transient Cycle) DOHEH A ZHHHMEIZ R LT CF %
DOPHEHEFFA S5, RDE ORIHIEIZIE, CF
il 2.1 TH 72232020 -5 CF=1.43 £k, 5
FRIFEEIZHR(L S 2024 F-LIFRIC CF=1.0 k52 L
D SN TD,

ZOXI B RS, B EERIZHT 2 PR 7 2R
BRE — N O A 2 mOHIRDAZ 63 F ik
2 EATSACOPEN 77 2 PERE DU A E B HL R F 12
BWWTCROOHR TS,

K1iZEHESHAHB LTS MBD (EFAX— 2
B : Model Based Development) DEHIZL5H
WHR T 2123445 Loy ta—-57 4 v
T HERLIEZEDTHS, RDE O ATERIZEE T
DY A 2 23T 2 BERHD . HERDBHFITAIC
WNLUTELDOTEDBMBBEEL LS ZENTHl XN
5. P> T, BmAREOERE T RDE OB A L
MBD ck37uvta—F 4 Y RIOHBETS Z
X, KELZ TR EEIRIZHT B ERT X b o TN
WRIZERITHBEEZEIBNS,
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BB ICH1T 5 RDE FRRIRIEDIEE & ZDEH

RO BHE T RDE IS8 9%/ — K - V7 b
BHFE A 4T 57291213, RDE 2B 3 72 EA L <
KHEFIE—Y (9= r—2) ERINTZEeMRN
EYLkD, 22T RDE BEREHZMETET V4 4
BETINE =V EERTSY - LA L, ERkEh
7S — YV EFEBOTY Y v PRSP E O
PREENE B4 5/ —F v Ll 2 IO CHLE T
fTLTCT =AM — 202 % 175 MBD Bibi % K5
L7z,

KL TlE, B L7 RDE E477 5% — kY —
JLEIN—F ¥ )LHL Z F2 MBD O3 5120
THE 75,

2 RDEFETHEREL/N—F v I/VEHRREORE

2.1 BEXMICHT5 RDE DEREH

% 2 12 RDE iBRICI1T 5 Hik, Ef&. NOx HEHIC
B9 2 B *® 289, RDE TI3ETIZHIT 5
434 % Urban. Rural, Motorway @ 3 DIZIX43 LT
ZONEFE THEW H Z5H 21T 5 KHIZEDENTED .,
ZOETHRIIRT— FEBIHTHELVEIE TRE X
N3, T, RIKERT LA udos o Fhk & K5
Fllia 1 6% TICI A NI HlKY 23 B 5 .

F2 EHE EHE. NOx BHEICEAT 2 EREH

Driving mode Urban Rural ?9%&”?
9 (0-60km/h) | (60-90km/h) |y T
Percentage of distance 29-44% 33+10% 33+10%
Minimum distance 16 km 16km 16km
Trip duration 90-120min
Elevation difference
between start and goal +100m
Positive cun;:liitlve altitude 1200 m/100 km (Urban and Total)
NOx emission regulations CF=1.43 (Urban and Total)

EREAEIIONWTUL, ZOBENKETELZ LICK
DHEH ZND B AN Z 572012 0h 58 L ¥R O
ZE, HIZHE D RO RS RARDEN TS, 1S
ZIOWTUIAER ERZTE 100 m AN, B W
DR EIZONWTX 100 kmEFT Y720 1200 m %
AWK - 2B RBIRT 0D D,

PR T 2 O IZ. RDE £ — F total 1272
T THERL MBSO E M5 Urban 128
ns,

GO NERIU R LT 235 5, 3 3 1281
BERFMFORE 2R, NERD < DBELT L%
k4% 480, 0.1 m/s” L EoNEEOF — 2 4
WRICHAER Y 20O SR A M L, BT P

THTHZILTERIND, NENZ2TESZ &4l
T AN, FRRIC IR DT — & 4 W QI WA HE R
M=) DHER A NMED S AR D 95 78—k v
AANETEFR NS iMBROAR, WRhZ2RET S
BiREMDT4 13, B2 10T L0 HE Sh-f
MABIZ—KRAL BBV —EICE > THEINS,

X3 EGOHEEICEIIERENS
Index Defensive driving Aggressive driving
RPA

(Relative Positive Acceleration) V-a pos [95]

" &V 95persentile of
Definition E%V'At [m/s?] ’ V- a [m?/s7]

a; : Acceleration at time step i [m/s2], V;: Vehicle speed at
time step i [m/s] , A, : Time increment [s] , D : Trip distance
[m] (per speed bin)

V=94.05

V=74.6

Id>-0.0016 - V+0.1755 1a<0.136 - V+14.44
Valid V>94.05 V>74.6
condition 1d>0.025 1a<0.0742 - V+18.966

V: Average vehicle speed [km/h] , Id : Defensive driving index
[m/s?], Ia : Aggressive driving index [m2/s3]

0.25 35
0.20 30 Invalid
3
— . e 25
b 015 Valid — 20 €
£ < n «\\&
= & 2 15 Vv
g 0.10 f(//») 2
4 (] E 10 Valid
0.05F  Invalid T 5
— 1 >
0.00 0
0 50 100 150 0 50 100 150

Average vehicle speed [km/h] Average vehicle speed [km/h]

(i) Defensive (ii) Aggressive

driving index driving index
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N, EFEREMTED SN BRI O TETI
., &EMTE— F OV K OSETIRE 2 — Mo
MDD ET VA LIRS Do KAEITE— FOHH
FFERETOETIRI A B2 XA TR L7
N TR D EATHIE T — 2 2 BEZ L L-R4 (i) DH
VRO E S VA LR TS, RICER R
7o BT — 210 LIERENE TE» SN Hilk &0
ZEHI L. & TORKISEM & m-§ E THELE RO 7
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Predictive verification of galling that occurs when pressing steel sheets

2 F
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Naoshi Ishiguro

Abstract

When pressing steel sheet parts , quality defects due
to “galling” are a major issue.

In this paper , factor analysis was performed using an
actual panel and CAE (Computer Aided Engineering) ,
and evaluation standard were created to reflect the
product shape that can suppress the occurrence of
galling in advance.
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Development and Validation of a Drive Cycle Generation
Tool for Electric Vehicle Applications

Santhosh Pasupathi®

Abstract

Sparsh Saxena™

Aishwarya Shetty*  Gerald Bergsieker®

The paper introduces a MATLAB based drive cycle generation tool developed by Isuzu Tehnical Center of
America. The developed tool takes inspiration from the NREL Drive tool; the tool can utilize multiple file formats
including raw data from telematics and as well as processed data. The tool creates drive cycles that are based on
seven important vehicle dynamic parameters. The generated drive cycles and subsequent simulations have provided
an accuracy of above 95% with a compression ratio of 1:10 when compared with the raw data.

1 Introduction

Drive Cycle (Definition) — Drive Cycle is a
transient profile through time, which represents

vehicle velocity at a given instant.

Drive cycles have been used for decades to assess
the performance of the vehicle (energy consumption
and emission) as well as setting targets for vehicle in
early production stages. Today, the world is moving
towards electric vehicle application in record time,
Electric Vehicles(EVs) have proven to be more efficient
and sustainable than the ICE vehicles, they provide a
level of customization that is not available for internal
combustion engine (ICE) platform — you can have
vehicles with different range, power based on the need
of the consumer, therefore the need for creating a
drive cycle that best represents the customer usage is
of essence now as it will help us in better development

of the electric vehicles and better component selection.

2 Empiric Foundation

In our study we have used the data obtained from
multiple customers who have been using prototype
EV trucks. The data has been recorded by ISAAC
Instruments which records the data at a frequency
of 1Hz. In this field operation 5 EVs have been
employed in various fleet operations around the
United States. Almost 2 years of data has been
logged by these trucks averaging about 60 miles a

day. The data has been analyzed by our in house tool
and filtered accordingly to represent best customer

usage. results throughout the paper:

3 Drive Cycle Generation

3.1 NREL TOOL

National Renewable Energy Laboratory (NREL)
Tool — Drive-Cycle Rapid Investigation, Visualization,
and Evaluation (DRIVE) is a MATLAB based
analysis tool developed by National Renewable
Energy Laboratory (NREL) that produces custom
representative drive cycles from vehicle data gathered
via onboard logging device. The tool is capable of
filtering large sets of raw GPS (Global Positioning
System) and CAN (Controller Area Network) data
to characterize vehicle operation and produce
custom representative drive cycles using specialized
statistical clustering methods. The Representative
drive cycles aim to match the fuel economy and

performance characteristics of the source data.

Benefits:

® Significantly reduce testing and analysis time
while developing a repeatable process with
simple UI (User Interface).

® Qutputs simple tabulated statistics usable
for vehicle component sizing and reducing
technology [see Figure 1(a) & (b); Refer to
Figure 5 for ITCA tool UIJ.

* Isuzu Technical Center of America, Inc.
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(b) Output Screen of the NREL Drive Tool
Figure1 NREL Drive Tool User Interface

NREL Tool Drive Cycle Generation Logic —

IT.

Remove duplicate records & data with negative
values or differential time steps

In this step, DRIVE tool calculates differential
time values and removes values which are zero
or less. This is because having two different
location points of the vehicle at same time would

result in infinite acceleration, which is absurd.

Replace outlying high/low speed values

DRIVE tool filters high speed data spikes as
well as negative speed points, replacing them
with interpolated data. These outliers can result

into faulty average values.

Remove zero-speed signal drift when vehicle is
stopped

DRIVE tool filters false speed records when
the vehicle is actually stopped which in case
of EV model simulations can cause inaccurate
energy consumption calculations.

Replace false zero-speed records DRIVE
tool filters false zero-speed records when the
vehicle is actually in motion. This filtration
results in dramatic improvements of speed and

energy calculations.

IL.

111

Iv.

Amend gaps in data

Correction for gaps in coupled speed-time
GPS signals cause by urban canyon effects and
sudden signal loss. This is achieved by data

interpolation wherever a data gap is detected

Repair outlying acceleration/deceleration values
Tool

deceleration values which are not between the

fixes any outlying acceleration/
acceleration limits of the vehicle as defined by

the user in the Main Analysis panel.

De-noise and condition final signal

DRIVE tool removes noise from raw GPS
data signals using a combination of Savitzky-
Golay & Binomial smoothing filters.

The NREL tool is an effective tool which can use

the customer data obtained to create a representative

pattern, however the tool is complex and cannot be

used by uninitiated, furthermore the usage of the tool

requires in-house customer data sharing to produce

a drive cycle. For these reasons, Isuzu Technical

Ce
wh

int

nter of America (ITCA), decided to create a tool
ich would overcome these issues and will be more

egral and viable option for Isuzu to develop their

drive cycles, the tool is programmed as such that

will provide flexibility in data selection and can be

mo

[se

dified and expanded to more avenues if required
e Table 1 for comparison between ITCA tool and

NREL drive tool].

NREL’s DRIVE Tool In-house MATLAB Tool

Capable to Analyze Speed
Trace data and output
various parameters

Capable to Analyze Speed
trace data and Raw ISAAC
Data and output key
parameters

Capable to Develop a
Representative Drive Cycle,
representing the customer
data

Capable to iterate various

combinations of multiple
cycles and output most
representative  cycle to

customer data

Unable to Modify the
source code

Capability to modify the
source code at will

Unable to control
parameter weightage for
developing representative
cycle

Capable to fully control any
number of parameters’
weightage for developing a
representative Drive Cycle

MATLAB
App-based

User Friendly,
Independent,
tool operation

User Friendly, MATLAB
Independent, App-based
tool operation

Table 1

Comparison between NREL Drive

Tool and ITCA Drive Tool
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3.2 ITCA Drive TOOL

Drive Cycle
Analysis &
Data

Extract
Customer

Customer
Data

Developing
Representative
Cycle

Drive Cycle

Verification

Analysis Comparison

Achieved i Achieved

Achieved,, | Achieved
» * Usin, »| Tool =l Iterating = Compare

NREL's Devel i Vehicle
DRIVE nt Criteria Model's
Tool . Abili%o L. 'g;ql ' aer:“nge

. lete read Walk- evelopme -
ﬁ‘-’h";ﬂ:; in Van data nt Efficiency
Tool + Compare ‘- Pn've Cycle S'"";‘:'le

. IAEC, ITCA lterations
%’A’R’c'm and NC34 Cycle
- . i
analysis e

i NC34
NC34 Do
Daia models

Figure 2 ITCA Drive Cycle Generation Strategy

Figure 2 shows ITCA’s

generation strategy which was based on the following

main drive cycle

ideology —

1. Analyze Raw ISAAC (Telematics Software)
data.

2. Analyze Speed-Time traces (in fixed formats).
Develop Custom representative Drive Cycles
using a combination of pre-existing candidate
cycles.

4. Develop Custom representative Drive Cycles
using “User-defined” speed-time traces.

5. Compare Multiple Drive Cycle Results based
on Key Parameters and Model-based Efficiency
values.

In order to achieve these goals, traditional
approach to the drive cycle generation was used,

which involved

1. Identify the

requirements of the Target Vehicle - Delivery,

Vocational and Operational
Service, Transit etc.

2. Collect vehicle operating data in the pre-defined
conditions/vocation. - Weather, Time, Location.

3. Identify key parameters important for comparison
and Drive Cycle Analysis - Idling ratio, Average
speed, Acceleration and Deceleration.

4. Comparing key statistics with candidate cycles.

5. Developing a representative cycle using a

comparable combination.

3.2.1 Key Parameter Selection for Drive Cycle
Generation

Eight key parameters were used by the team
for this purpose, these included parameters which
would directly represent the customer usage and also
help in assessing the produced drive cycles on the
engineering requirements and component selection.
The parameters and their calculation methodology

are explained below

Speed Cycle = Step wise speed — time trace (1ls
interval)

[sp]i = Speed cycle (ith element)
n = length of speed cycle

Calculation for Average Acceleration & Average

Deceleration

Speed Change array = (Sp;+1 — SD;)
If speed change > 0

m = Number of times speed change is greater than 0

Z:Zl(sle —spi)
m

Average Acceleration =
If speed change < 0

m = Number of times speed change is less than 0

Z:L(Spm — spi)
m

Average Deceleration =

Calculation for Average Driving Speed (with and
without 0)

For average driving speed (without 0), If speed
cycle element spi is not equal to 0, then sum all
the elements of speed trace and then divide that by

number of such elements.

For average driving speed (with 0), sum all the
elements of speed trace and then divide by total

number of elements in speed trace.
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Calculation for Idling Ratio
Count = 0

If spi == 0, then

Count = count + 1

Running the loop for the entire speed cycle gives

the number of times speed was 0.

*Note: Ignition off is discarded and is not counted as
idling

Idling Ratio = Final Count / length of the Speed
Cycle.

Calculation for Number of Stops/Mile

n

L+ .
Distance Travelled = E (M)

i=1

*Convert distance travelled to miles if necessary.
For Number of Stops,

Count =0

If sp; is equal to 0 and sp;_; is not equal to 0, then
count = count + 1

Running the loop for the entire speed cycle gives
the number of times vehicle stopped (came down to
speed 0).

Number of Stops/mile = Final Count/Distance
Travelled (miles).

Calculating Veocity Bin Data Details

Split the Ranges based on Maximum and minimum
recorded speed in the speed trace. For eg. If speed
ranges from 0 — 68, then speed bins will be (0,5),
(5,10), (10,15), (15,20), (20,25), (25,30), (30,35),
(35,40), (40,45), (45,50), (50,55), (55,60), (60,65),
(65,70).

Run all the elements of speed trace in loop and
then increase the count of each bin by 1, when any

speed value falls within the bin.

Calculating Aerodynamic Speed, (7) Characteristic
Acceleration and (8) Kinetic Acceleration [1]

Aerodynamic Speed

i=n—1 1,3 2 2 3
. 3 En=l o+ Vi vt Vi v+ v . A'—‘i,H—l
Vaero,iji+1 =

i=1 ( 4 AD;i4q

If speed cycle has 1s interval, then At_(i,i+1) will

always be 1.

Characteristic Acceleration

i=n— N |
Sih positive (5. (vhy — V) + g. (higs — i)
D

CA =

If the elevation remains same throughout the

drive cycle, g. (h_(i+1)-h_i) can be ignored.

Kinetic Intensity

CA
KI =

2
vaero

i=m— .. 1
Si=1 positive(y. (vhy — v2) + g. (hiss — hy)
3
£) Aty

= 3 2 2
sri=n-1 v+ Vi v+ Vi vi v
i=1 )

If speed cycle has 1s interval, then At _(i,i+1)
will always be 1 and if the elevation remains same
throughout the drive cycle, g.(h_(i+1)-h_i) can be

ignored.

3.2.2 Drive Cycle Development Algorithm

Store Target _User Select Pre-
Key /oo Defined. D> Defined
Parameters to

be achieved EEDY Targets

YES

Select Cycle
Duration Type

Perform Iteration for reduced
duration Output
Results
—>  ofthe
Best
Perform Iteration for all possible durations Iteration
starting from 500, with interval of 50

| Manual Type |

i Ttei

| erform Iteration for possible durations
Start el R between user-defined range, with interval of
25

Type
© Auto Type {

Perform Iteration for the default Stop

- Default T ‘
e duration

Figure 3 Drive Cycle Development Algorithm

3.2.2.1 Setting Key Targets Parameters

Figure 3, describes in detail the algorithm
developed by the team to develop representative drive
cycles; the Target parameters are recorded by an

onboard data logging system called Isaac Instruments



WIS K 1335

at a rate of 1 Hz, the data is obtained from 5 electric
vehicles which have been operational in different
parts of United States for almost 2 years. The raw
data is filtered and analyzed by the tool itself using
the process mentioned earlier.

The target parameters in the tool can be entered
in two ways —
1. Hardcoded in the tool
2. Manually entered by the used (the velocity bin
data has to be hardcoded)

3.2.2.2 Drive Cycle Duration Time
Currently there are 4duration options provided in
the tool, these are:

1. Manual Type — User can input the exact length
of the desired drive cycle.

2. Manual Range — User can input the range of
length for the desired drive cycle.

3. Auto type — The tool will process all the
iterations and result in the best possible drive
cycle length.

4. Default — The tool will perform iteration for the
default length.

3.2.2.3 lteration Process

/ Store Target
Key
" Parameters to
be achieved

Go through
Drive Cycle files
to record speed

traces / y NO
- Arethekey \ Areall

parameters possible
: iterations
completed

Iterate what

part of each
drive cycle is to S dosero

be combined . targetvalues -~

Identify what
Start percentage of each
participating drive
cycle to be added

YES )
| Compile the result for most
Stop - + "
| representative drive cycle

Figure 4 lteration Process Algorithm

The tool uses a collection of candidate cycles to
produce the desired drive cycle, the candidate cycles
are drive cycles that are already in used for vehicle
evaluation across the globe. The algorithm used by
the tool for iteration process in shown in Figure 4.
The 7 key parameters for these candidates drive
cycles are already coded in the tool, and the tool uses
these parameters to create a drive cycle that is best
representative of the customer target. The candidate

drive cycles are as follows —

FTP-75";UDDS”;HWFET?;GM-
City”;ECE”;,CLTC-C”;HHDDT";Interstate
55%:JP-10-15”;California UC'”;US 06'":Smith
Newton'”;WLTP-1";WLTP-2;WLTP-
3bh;AM_130;AM_150; Artemis'” Road; Artemis
Urban; CETC"; CHTC-C'?; CHTC-D'”; CHTC-
HT"™; CHT-LT"; CHTC-TT*";

Note” The FTP-75: Federal Test Procedure

Note® UDDS: The EPA Urban Dynamometer Driving
Schedule (UDDS)

Note? HWFET: The Highway Fuel Economy Test (HWFET)

Note” GM City: Isuzu’s proprietary Drive cycle for testing

Urban/City Driving characteristics.

Note® ECE: ECE+EUDC. The ECE+EUDC test cycle—also
known as the MVEG-A cycle—was used for EU type
approval testing of emissions and fuel consumption
from light duty vehicles.

Note® CLTC — C: China light-duty vehicle test cycle
(CLTC)

Note” HHDDT: The
(HHDDT) schedule.

Note® Interstate 55: Isuzu's proprietary Drive cycle for

Heavy Heavy-Duty Diesel Truck

testing Highway Driving characteristics.

Note? JP-10-15: The 10-15 mode cycle had been used in
Japan for emissions and fuel economy testing for light
duty vehicles

Note'® California UC: The California Unified Cycle (UC)

Note'™ US 06: The US06 Supplemental to Federal Test
Procedure (SFTP)

Note'® Smith Newton (SN): Representative Drive Cycle as
developed using NREL’s DRIVE Tool, representing
Smith Electric EVs

Note'® WLTP: Worldwide Harmonized Light Vehicles Test
Procedure

Note' ARTEMIS: Assessment and Reliability of Transport
Emission Models and Inventory Systems (Europe)

Note' CETC: The China engine test cycle

Note'® CHTC- C: China heavy-duty commercial vehicle test
cycle for inter-city coaches.

Note'” CHTC-D: China heavy-duty commercial vehicle test
cycle for dump trucks.

Note'® CHTC-HT: China heavy-duty commercial vehicle test
cycle for heavy trucks of GVW>5500 kg.

Note'® CHTC-LT: China heavy-duty commercial vehicle test
cycle for light trucks of GVW<5500 kg.

Note?® CHTC-TT: China heavy-duty commercial vehicle test

cycle for tractor trailers.
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3.2.2.4 Drive Cycle Scoring
Once the tool iteration process is completed, each
iteration is scored based on the following formula
Scoring Criteria = (Target Value — Cycle Value)/
Target Value

The goal is to minimize this function, all the
iterations undergo same scoring criteria for all the 7
parameters, and the drive cycle which has the lowest
cumulative score is selected by the tool. Drive Cycle
Analysis and Development page from the GUI would
look like the image shown in Figure 5 below.

e E

lorscrc v wacerecoren:

Figure 5 ITCA Drive Tool

3.2.3 Velocity bin Inclusion

Velocity bin is an important factor while creating
a drive cycle, if the produced drive cycle velocity
bin is a close match to the target profile; it improves
the overall score of the drive cycle since all the
parameters will be within range. The tool currently
uses the velocity bin as a filter in the iteration
process, once the iterations are completed the tool
uses the target velocity bin to filter the iterated
cycles, the cycle which has the best velocity bin and
the lowest scores (based on 7 parameters is used)[see
Figure 6 for velocity bin inclusion algorithm].

Start Way

Use 7 parameters to select
and weigh candidate cycles
and use Velocity Bin to score
resultant cycles

Use only main 7 parameters,
excluding Velocity Bin to score <
resultant cycles

_isSeoreion.,
il B —

.~ currentresult .
< better than that -

End < - ofpreviousbest

———————————— . [w]
ME locity bin .

Replace the =~ //// profile closer to
| previousresult < the target, than >
B 2 . ;
with current -

~_ fesult? -~
best result YES

Figure 6 Velocity Bin Inclusion Algorithm

4  Results

The Results obtained from various iterations
of the drive tool are presented in the following
tables, the iterations are generated based on the 5
US customer operations, these include 2 beverage
delivery vehicles — Pepsico and RedBull,; Office
Depot; AmeriPride and Safeway. The study also
includes data iterations from 2 Japan EV customer

demo program for the same delivery vocation.

4.1 Velocity Profiles
Figure 7 show the resultant velocity profiles
generated from the ITCA Drive Tool.

35 4 Generated Drive Cycle - CVS (Japan)
30
<25 -
£ 20 -
T 15 -
a
210 -
5 -
0 T T T Y T )
0 100 200 300 400 500 600
Time (s)
30 1 Generated Drive Cycle - Delivery (Japan)
25 A
=
=20
£
;15 .
]
210 -
n
5 . |
0 -
0 100 200 300 400 500 600
Time (s)
80 - Generated Drive Cycle - Isaa 1 year Data
(5 Customers - US)
= 60 1
~
£
-—40 -
°
@
2
v 20
0 T T T ]
0 200 .400 600 800
Time (s)

Figure 7 Velocity Bin Profiles
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4.2 Data Comparison

The Figures 8 to 12 show the parameter
comparison between the target results versus the
results obtained from the Drive Cycle tool, the
results have been scaled, where the target values are
scaled 100 percentage difference between the target

and the result values are kept constant.
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Figure 8 Stand Alone CVS Results (Japan)
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Figure 9 Stand Alone Delivery Results (Japan)
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Figure10 US EV Customer Data

4.3 Velocity Bin Results
The velocity bin results obtained are as follows

— each bin number represents a bin with a constant

interval.
—+—Target -#-No Vbin —+=With Vbin
=>Vbin Priority—=Bin Only
30
25

N
(=)

Percentage(%)
[
1%,

10
5
0 T .
0 5 10 15 20
Bin Number
Figure 11 Velocity Bin Spread for CVS

—+—Target Bin Data  -#-No Vbin —+=With Vbin

=>«With Vbin Priority —*With Vbin Only
30

Percentage (%)

Bin Number

Figure 12 Velocity Bin Spread for Delivery
5 Conclusion

The results obtained from the tool are evaluated
by use of 1D Vehicle model in GT power. The
models used have shown fidelity of more than 95%
and are used by ITCA for every day Electric vehicle

performance and range estimations.

ITCA

is developed such that it can produce the best

in-house drive cycle generation tool

representative drive cycle based on real world
customer data.
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o Next Steps
The drive

developed for electric vehicle application. The next

cycle generation tool has been
step is to expand the usability of the tool for internal
combustion engine (ICE) platform. The framework
will be re-designed to take into consideration
different parameters such as vocation, weight

category, combustion type etc.
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Development of New ELF for Domestic

2 F

P21 ML 7id, HERTETFLOBE IV T Th
% [3L% - LF5 - DhNB] #ELOD, [LF3]
IZOWT ORI AT > 72, AT, BITAFIZK
¥ 25 IO b & SREEBIS &7 - 72,

AFa Tk, ZOMEIZDOWNTHENTT 5,

(ST o v

Satoshi Takahashi

IR B

Shun Kobayashi
Abstract

The new 21 model ELF has been developed its
“stop” function, following current model’s development
concept; “run”, “stop” and “connect”. Furthermore, the
new ELF had a facelift and also conformed to the latest
regulations. The outline is introduced below.
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Effect of Tires on Operational Chassis Vibration of the Vehicle with Chassis Frame
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Abstract

In order to shorten development period for a vehicle
noise performance and optimize cost and weight, it is
necessary to clarify the effect of vibration characteristics
of each component on vehicle vibration. In this paper, we
evaluate effect of tires on operational chassis vibration
of the vehicle with chassis frame experimentally and
explored that mechanism by using model which could
calculate operational chassis vibration.
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F1 HBREROZ1Y
Tire-No. 1 Tire-No. 2
Tire Size 245/65/R17 255/60/R18
Wheel Weight 10.2 kg 11.5 kg
| @TieNo1 @TireNo 2
'E 150
== 130
=iy
= g 110
Z 2 90 4 Tire-No.1 FEHME I RE—F
28]
=70
S8, EE. EE, -
58E 582 SE %2 HREAOLER
358 3§85 s5gS
<= = <=2 Displacement 2.5L
ga- gaa 3o
© o © Engine T In-Line 4-Cylinder -Diesel
e 5 ype .
1 HBRUROSA ¥ OEEIREH with T/C
Transmission 5-Speed Manual
Drive system FR
Front suspension system Double wishbone
Rear suspension system Leaf rigid

‘-----.‘

2 Tire-No.1 ¥&BHFH1 XRE—F

3 Tire-No.1 ¥EFME 2 XRE—F

x3 INEEFRBREIREIOFAIS

Part name Measurement points
Frame 10 points X 3 directions
Rear Leaf Spring 10 points X 3 directions
suspension | Ayle Case 4 points X 3 directions
Engine 4 points X 3 directions
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K, 3000 rpm D72 ZNLr —ZREDE—F, K
3600 rpm DY) — T ATV I —F—FOE—7LN
LI 3~8 dBZL L., &4 Y OFFZE A MIERE > v
VEBEIRENCHEE 5 A TOB I e fERR TE 2,



7L — LT EEIMDOEEE > + DIRENH T 521 v ORERE

FITRIZ, TP UDNHERAYETDRIALT ML
AvEELY Yy Y FEM BTV EHWT, 24 VY DED
SRR D REVEAR A IR IE S v & FERREIRE) - B 4 5

A TCNLDNEEET S,

[ —TireNo.1 ——TireNo.2 |
a
|18501'pm| 5dB
i) {39900 3600,
/ \ rpm .. i
rpm
N\ \ ALA

AV VAP
NI

LY z

"y

responses dB[m/s?]

Summation of acceleration

800 1600 2400 3200

Engine Speed [rpm]

5 YU—JRFULGETIZING— A EDIGES
DIRBE=FMDZA Y EINIL S LB

4000

[ —— Difference of Tire-No. 1 and Tire-No. 2 |

10

[1850rpm | 3600

5 3000 f-4 rpm
rpm

. \/\ A s

T

-10

800 1600 2400 3200

Engine Speed [rpm]

6 V—XFVTETIANVIT—ZALEDIEES
DIRE_FHDFZATEVCELDLANILE

D
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Difference in rear suspension

4000

[Rear side] A

tLeaf spring bending model
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o [Foomii]
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1) Tread; shell element
(2) Sidewall; shell element

3) Wheel; concentrated mass

4) Tire cavity; solid element

—Physical property values of each model are
estimated from the experimental results of
natural frequencies (Figl).
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Fuel Transformation in Europe towards CO,/GHG
Neutrality by 2050

Markus Miinz* Michael Kochs™

Abstract

Latest by 2050, future mobility as well as future transportation needs to achieve green house gas (GHG)
neutrality in order to contribute to the 1.5°C goal from the Paris Agreement of 2015. This review gives an overview
about the current and the upcoming legislation regarding alternative propulsion systems for on-road applications
as well as an insight of future energy sources and energy carriers for public transportation. Furthermore, possible
propulsion systems for the future transportation are being discussed briefly.

Based on technological facts, the energy carrier and also the energy source of future propulsion systems will
become essential to achieve GHG neutrality. For ICE based systems, CO, neutrality can only be achieved by

changing the energy carrier — the fuel — from fossil to regenerative sources.

1 Introduction

With regard to the Paris Agreement from 2015,
almost all sectors — e.g. energy and transport sector
— need to reduce or eliminate their individual CO,
/ green house gas (GHG) emissions”. Recently the
EU commission proposed new European-wide GHG
reduction targets (55% by 2030 compared to 1990)
and also dedicated targets for the individual sectors,
e.g. the transport sector (55% CO, reduction by
2030 compared to 2021 and 100% CO, reduction by
2035 for cars and vans), the energy sector (overall
renewable energy share at least 40% by 2030) .

Even before this proposal, the goal in many
European countries was to achieve CO, neutrality
latest by 2050. Some countries have set the schedule
even more stringent. Table 1 shows an example of

the steps towards CO, neutrality in Germany.

Table 1 Climate Change Act in Germany (2021) @ .
COq reduction with respect
Year
to the year 1990
2030 65 %
2040 88 %
2045 COgz neutrality

Besides all other sectors, also the transport
CO,

emissions. Literature sources often state, that the

sector needs to significantly reduce its
way to go is to “de-carbonize” the transport sector.
From a technological perspective a more holistic
demand would be to “de-fossilize” the transport
sector. According to this terminus, the goal for
the transport sector should be to reduce or even
eliminate the dependency of the sector from fossil
sources. Weather or not the energy carrier of future
propulsion systems contains carbon or not, has
probably no impact on the world climate, as long as
this carbon is not based on fossil sources.
Regardless of this discussion, some vehicle
published their
deadlines towards CO, neutrality. Table 2 shows

some of these recently published goals.

manufacturers have individual

Table 2 CO, neutrality for different vehicle manufacturer

Manufacturer C0e nel.ltrahty Source
until...
Daimler 2039 3
Volvo 2040 4)
Tata Motors 2030* (5)
#100% renewable by 2030

* Isuzu Motors Germany GmbH
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The following chapters will give a holistic
overview regarding the steps towards CO, neutrality
of the transport sector, especially based on the usage

of new, alternative and synthetic fuels.

Note" In this paper, CO, emissions are used as a
representative for Green House Gas (GHG) emissions

in general.
2 Legislative backgrounds and boundaries

To achieve the goals mentioned, several European
as well as national laws and directives are in place.
One main directive on the European level is the
“Renewable Energy Directive II” (RED II). This
directive contains the goal of increasing renewable
energies in the electricity, heating and transport
sector until 2030. It sets a mandatory target of at
least 32% renewable energy sources for the gross
final consumption of the European Union (EU). For
the transport sector, the share of renewable energies
in 2030 according to RED II must be at least 14%
with regard to the sectors gross final consumption.
(6)

For the factual

different possibilities for future transport concepts,

technical discussion of the
the definition of various system boundaries is
necessary. As of today and also planned for the near
future, the transport sector is evaluated based on a
“Tank-to-Wheel” (TtW) approach. This approach
sets the system boundary exclusively around the
vehicle itself and thus is a reference for the usage or
operation of the vehicles only.

The “Well-to-Wheel” (WtW)

additionally includes the procurement of the energy

approach

needed in the vehicles. For conventional fuels,
this includes for example primary fuel production,
transport of the primary fuel, production of final fuel
(e.g. diesel), fuel distribution and finally the fuelling
of vehicles .

The system boundaries are further increased
with the “Cradle-to-Grave” (CtG) approach. This
includes the whole life cycle of the vehicle, e.g.
including vehicle and fuel production / energy supply
as well as recycling.

By increasing the system boundaries from TtW
to CtG, the actual influence on climate change also

increases.

Actual and also recently proposed legislations
related to the transport sector and the operation
of vehicles use the TtW approach. This means, that
CO, limits for vehicle manufacturers need to be met
with the vehicle itself. According to that, battery
electric vehicles (BEV) are — per TtW definition
— CO, neutral. For all vehicles utilizing an internal
combustion engine (ICE) with a fuel containing
carbon, CO, can — per TtW definition — not be
zero and thus CO, neutrality is according to these
legislative regulations not possible.

Nevertheless, national governments need to
implement the demands from the European RED II
and thus need to increase the usage of regenerative
energy.

As an example, in Germany the government
recently introduced a GHG quota to reduce CO,
emissions based on the energy carrier (e.g. fuels or
batteries) until 2030 within the Federal Immission
Control Act ®. Therein it is required that the share
of regenerative energy in the transport sector is
significantly exceeding (28% by 2030) the actual
requirements from RED II (14% by 2030). According
to these targets, by 2030 the so called GHG quota
(equals a CO, reduction) in Germany will be at 22%
for the transport sector at the fuel production or
energy supply side. Table 3 gives an overview about
the proposed GHG quota.

Table 3 Adopted amendments to the greenhouse gas
reduction quota (GHG quota) in Germany ©.

GHG quota (CO: 6.5 7 8 10 14.5 22
reduction) percent  percent percent percent percent percent

Food and feed crops

(upper limit, energy) A et
Waste cooking oil and
animal fats (upper limit, 1.9 percent

energy)
2022 2023 2024 2025 2026 2028 2030

Advanced biﬁfue's oz | o8 | @a | a7 | i 17 26
(minimum share, energy) percent percent percent percent percent percent percent

Quantities above the minimum share are allocated factor 2

idipgenlandipouie oot Quantities are allocated factor 2

fuels (PtX)

Electricity Quantities are allocated factor 3 (electricity from public
charging points, private electric vehicles, vehicle fleets)

Aviation Quota for Power-to-liquids (PtL) kerosene (energy) 0.5 percent

by 2026, 1 percent by 2028 and 2 percent by 2030.

— 100 —
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Starting in 2022, the GHG quota will be increased
from 6.5% to 22% by 2030. The minimum amount
of advanced biofuels will be also increased over the
years with an additional allocation for all amounts
higher than the minimum value. Additionally, the used
quantities of hydrogen and Power-to-X (PtX) fuels
are allocated with a factor of two. Even more CO,
reduction — according to this legislation — can be
achieved by a contribution from fuel producers using
and utilizing electricity directly, e.g. by contributing
to a charging infrastructure for BEV or plug-in
hybrid electric vehicles (PHEV). For these kinds of
contributions, a factor of three regarding the GHG
quota is granted.

As of now, there are no further official and specific
targets or quota for the transport sector from 2030
until 2050.

For the sake of completeness, it should be
noted that currently in Germany only certain
fuels are permitted for use in public road traffic

(10. BimSchV, ).
3 Available and future propulsion systems

Independently from the legal background, there
are many different possibilities for future propulsion
systems. Within this paper, the following systems
will be discussed.

=» BEV - Battery Electric Vehicle

» [CE - Vehicle with Internal Combustion Engine

= (P)HEV - (Plug in) Hybrid Electric Vehicle

= FCEV - Fuel Cell Electric Vehicle

BEVs are fully electric vehicles. The main
components of these vehicles are electric motors and
high voltage batteries. These vehicles mainly need
to be charged externally by plugging into the grid.
While driving they can also charge the batteries by
recuperation, which means to transform the vehicles
braking energy into electric energy. Overall, BEVs
transform electric energy into mechanical energy.

Vehicles with ICE only use this ICE to transform
all kinds of chemical energy (e.g. liquid and gaseous
fuels) into mechanical energy. ICEs are very efficient
energy converters at reasonable prices and have the
potential to significantly contribute to the reduction
of CO, emissions in the future ",

(P)HEVs are vehicles with an ICE and an
additional

electric powertrain. Electric motors

and batteries are smaller compared to pure BEV.
Batteries in a PHEV do have the ability to get
charged externally by plugging into the grid,
whereas the batteries in HEV have to be charged by
recuperation or by the vehicles ICE. According to
that, a (P)HEV transforms chemical energy (from the
fuel for the ICE) and electric energy (PHEYV) into
mechanical energy.

FCEVs are basically BEV with an additional fuel
cell and without the capability for external charging.
FCEVs charge their batteries with an on board fuel
cell. Overall, FCEV transform chemical energy (e.g.

hydrogen or methanol) into mechanical energy.

Future vehicles can (as described above) be based
on a various propulsion systems. Furthermore, the
energy source for future mobility can either be fossil
based or regenerative for all powertrain systems
discussed above. Figure 1 gives a brief overview of
different pathways for each energy source to the final

propulsion system discussed in this article.

Regenerative

Fossil (and Biological)
@
2
g e.g. wind, solay
=3 l 1 l biological waste
Crude Oil  Natural Gas Coal, ...
l L
I ) il
£F Liquid Carbon Gaseous Carbon .
E (E Containing Fuels* Containing Fuels* Hydrogen Electricity
g g ICE ICE ICE
’L; 2 (P)HEV ((PHEV) ((PYHEV) (P)HEV
g& (FOEV)** FCEV
~ BEV
“for electricity based fuels, an additional source for carbon (e.g. CO,) is needed: **FC with Methanol
Figure 1 Overview about different propulsion

systems and their energy sources.

Independently of the individual propulsion system,
for the future mobility it is absolutely inevitable to

base mobility and transport on regenerative energy.

Table 4 shows the “CO, neutrality” of the
discussed propulsion systems according to recent
legislations (see Section 2) in Europe and thus based
on a TtW evaluation. According to this evaluation,
BEVs and FCEVs powered with hydrogen (H,) are
“CO, neutral”, ICEs and HEVs with conventional
carbon containing fuels are not “CO, neutral” and
PHEVs are “CO, neutral” only for the range of pure
electric driving with electricity from the grid.
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Vehicles with ICE (here heavy-duty vehicles) can
be “CO, neutral” if they are operated with a carbon
free fuel (e.g. hydrogen) and additionally if their
TtW CO, emissions with this fuel are below 1g/kWh

or 1g/km ™.

Table 4 CO, neutrality according to recent legislation.

COz neutral — TtW

(recent legislation)
Propulsion With With
System Fossil Regenerative
Energy Energy
Source Source
BEV Yes Yes
ICE Noa) Noa
(PHEV Nob) Nob)
FCEV Yes)/ Nod) | Yesc)/Nod

Note9 can be Yes with Hz

Noteblexcept for the range of electric driving
NoteH.

NotedMethanol

It can be clearly seen that from the perspective
of a vehicle manufacturer the recent and also the
proposed future legislation do not take the energy
source of the propulsion system into account when
evaluating the CO, emissions. Moreover, battery
electric driving is — per legislative definition —

always “CO, neutral”.

From a technological perspective, there probably
will not be a silver bullet for future propulsion
systems in general. According to several independent
and (12)), the
ICE will be very much present in the mix of future

studies and position papers (e.g. (10)

propulsion systems despite the legislation not being
technology open as of today. This is mainly based on
the high technological advancements of those systems
and also their property to be able to use a big variety

of different chemicals as their energy carrier.

As already stated earlier, it is also mandatory for
ICE systems to use regenerative energy sources and

thus use fuels on a regenerative basis.

4 Future fuels / Fuel transformation

Based on the aforementioned requirement, the
energy source and also the energy carrier of the
future are of high importance.

In the form of different fuels, ICE can use a big
variety of different energy carriers. Those can for

example be liquid or gaseous and carbon containing
or carbon free. Compared to batteries, all relevant
fuels for ICE have a very high energy density.
Nevertheless, a transition from fossil to
regenerative sources is very essential. For this

evolution of fuels, various pathways are conceivable.

Regenerative fuels (“reFuels”) can be divided
in various categories. For this paper, they will be
divided in “advanced biofuels” and “synthetic fuels”.

Advanced biofuels are — as the name already
implies — fuels with a biological basis. In contrast
to biofuels as FAME, advanced biofuels are mainly
based on waste material and thus do not stand in
conflict with biological material for food.

Synthetic fuels are — for this paper — fuels with
an electrical energy basis. The simplest synthetic
fuel and also a feedstock for a big variety of more
complex synthetic fuels is hydrogen (H,).

Independently of the category, fuels can have a
huge impact on the overall GHG emissions of the
transport sector when utilizing vehicles of the
existing fleet. If a fuel is CO, neutral and usable
in existing engines, a high number of powertrain
systems will contribute to a CO, reduction of the
whole sector.

In the following section, both types of reFuels

will be discussed in more detail.

4.1 Advanced Biofuels

In general, biofuels are fuels produced using
biological feedstock. Due to the biological cycle,
biofuels can be rated as (WtW) CO, neutral.

Biofuels themselves might be categorized in
different generations. First generation of biofuels
are fuels like FAME (Fatty Acid Methyl Ester).
These 1°° generation biofuels can use all kinds of
feedstock (e.g. vegetable oils or animal fats together
with methanol). As of today, fuel producers can add
a limited quantity of biofuels to their fossil fuels.
As an example, for compression ignition (CI) engines,
the maximum amount of biofuel (in this case FAME)
within the fuel itself is 7 %(V/V). In line with the
GHG quota in Germany (see Table 3) and due to the
conflict with food production, the amount of those
kinds of fuels shall not be increased.

Advanced biofuels (also called 2 generation

biofuels) shall only use waste material as a feedstock
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and thus will not have a conflict with food production.
According to the GHG quota (see Section 2), the
amount of those kinds of fuels has to be increased to
at least 2.6% (energy based) by 2030.

One example for an advanced biofuel is HVO
(Hydrotreated Vegetable Oil). HVO is a possible fuel
for CI engines as a carbon-neutral fuel source. It
only contains paraffinic molecules and thus only needs
to meet the related norm for paraffinic fuels (DIN
EN15940). Overall, its properties are comparable
with conventional diesel as exemplarily shown in

Table 5.

Table 5 Exemplary fuel properties for diesel and HVO.

Unit Diesel HVO
(DIN EN590)  (DIN EN 15940)
53 71.2
etane Ni
C umber & 51) & 70)
836.6 780.3
Density at 15° kg/m?
ensity at 15°C M (820 - 845) (765 - 800)
Flash Point 0 65 s
& 55) & 55)
2.715 3.028
Viscosity (40°C) 2/
isoosity (40°C) s oy ©.0-45)
. %(m/m)
C/H ratio Al 6.32 5.52
Lower Heating Value =~ MdJ/kg 42.61 43.91

Assuming an equal engine efficiency and equal
injected energy with conventional diesel and HVO,
HVO shows a benefit regarding TtW CO, emissions
due to its lower C/H ratio. Following the stated
assumptions, the TtW CO, emissions with HVO would
be reduced by approx. 5% compared to conventional
diesel only because of the lower C/H ratio.

As of now, in Germany it is not allowed to use
pure HVO in public transport (see Section 2). In
other European countries, HVO can be purchased at
public fuel stations as “Neste MY Renewable Diesel”
(13). Neste states that, as of now with this fuel, a
reduction in GHG emissions by up to 90% (compliant
to EU Renewable Energy Directive (2009/28/EC))
compared to fossil diesel is possible. For now, the
fuel is available for customers in seven European

. 13
countries .

Besides HVO, there are various other candidates
for advanced biofuels. Some of them can be
summarized as BtL (Biomass-to-Liquid) fuels. Due
to the high variance of these fuels, they will not be

discussed within this paper.

4.2 Synthetic Fuels

Beside the advanced biofuels, synthetic fuels
can be used to achieve a CO, neutral transport with
an ICE. For this paper, synthetic fuels are fuels
produced with electricity as the feedstock (PtL,
Power-to-Liquid).

Thereby electricity can be transformed in all
kind of gaseous and also liquid fuels. For almost all
synthetic fuel, hydrogen takes a key role with respect
to the fuel production process.

Hydrogen itself is the simplest synthetic fuel
possible. It is a very promising candidate for future
powertrain systems. The production of hydrogen
can be based on regenerative electricity by utilizing
electrolysis processes. It has a high gravimetric
energy density and excellent combustion properties.
Due to the fact, that there is no carbon in hydrogen,
it can be burned without CO, emissions and thus can
be rated as CO, neutral. Furthermore it can be used
in fuel cells and in internal combustion engines.

Hydrogen can be stored in gaseous form at high
pressures (typically 35-70MPa), in liquid phase or
via liquid organic hydrogen carrier (LOHC) which is
still under development. For the combustion itself,
basically hydrogen can be used in modified spark
ignited (SI) engines. Several vehicle manufacturers
and research institutes have shown prototype vehicles
or engines with hydrogen SI ICE, e.g. BMW
MAN @ FEV 9 and Keyou 17 Nevertheless, the
usage of hydrogen in a CI engine is currently
under development. Besides being CO, neutral,
the combustion of hydrogen can lead to ultra low
pollutant emissions and thus enables the possibility
for an environmentally ultra low impact propulsion
system with high efficiencies.

Hydrogen can also be used in a fuel cell. FCEV
with hydrogen are in series production (e.g. Toyota

Mirai "¥) as well as under development (e.g. Daimler

/ Volvo " and MAN ),

Based on hydrogen, several other fuels can be
produced with different synthesis steps.

The most well-known process is the so called
Fischer-Tropsch-process (F'T process). This process
is a synthesis process resulting in different paraffinic
C-H-chains, ranging from short chains like Naphtha
up long chains like waxes. Within this range of

chain length, gasoline and diesel are also present.
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Feedstock for the FT process is synthesis gas, which
can be produced based on hydrogen and a source of
carbon (e.g. CO,). When using regenerative hydrogen
and atmospheric CO,, from a technological point of
view, F'T fuels can be rated as CO, neutral. Based
on that, FT gasoline (e-Gasoline) and FT diesel
(e-Diesel) can be basically used as a replacement
for their fossil pendant. Due to the process, these
fuels only contain paraffinic chains and thus are very
comparable to other paraffinic fuels like HVO, thus
showing potential as a replacement for fossil diesel.
Based on the chemical structure and the fact that
no aromatics are present in these fuels, benefits
regarding the soot emissions can be expected. In
comparison to fossil diesel, e-Diesel has a lower
C/H-ratio which, following the same assumptions
made for HVO above, results in lower CO, emissions.

One well known FT fuel, even though not CO,
neutral due to its fossil feedstock, is GtL. (Gas-to-
Liquid). As of now, GtL. as an example of F'T diesel
fuel is already being produced commercially, e.g. by
Shell .

Besides direct replacements for fossil fuels with
very similar structures, many other fuels can be
produces with hydrogen as a feedstock.

When producing synthetic fuels, they can also
be tailor made for dedicated applications. Two very
interesting candidates regarding these tailor made
fuels are OME (oxymethylene ether — liquid fuel)
or DME (dimethyl ether — gaseous fuel). Both are
alternative diesel fuels with a high oxygen content in
the fuel itself. They can burn free of soot and thus
demonstrating a significant potential regarding ultra
low pollutant emissions in general. Nevertheless,
changing the fuel in such a significant way leads to a
necessary adaptation of the engines.

As a replacement for natural gas (NG), methane
can also be synthesized synthetically (synthetic

natural gas or SNG).

Table 6 shows selected actual and also planned
demonstration plants for the production of liquid and
gaseous alternative and synthetic fuels in Europe as

of now.

Table 6 Overview about selected demonstration

plants.
Name Fuel(s) Source
Energiepark Mainz Hydrogen 21)
GrInHy 2.0 Hydrogen (22)
Nordic Electrofuel  e-Diesel, wax, naphtha (23)
Norsk e-fuels e-Diesel, e-Gasoline (24)
Synthetic Natural Gas
Store&GO (SNG) (25)
Audi e-gas plant SNG (26)

4.3 Sector Coupling

One enabler for the requirement of a de-
fossilization of future mobility is the so called sector
coupling. It means to aim for CO, neutrality over
more than one sector. For example, the coupling of
the transport and energy sector is very interesting in
terms of overall CO, reduction potential.

As an example, PtL fuels can be used to store
excess energy from regenerative power plants. Using
sector coupling widens the point of view on climate
protection. For the transport sector and with respect
to the CO, emissions, sector coupling would results
in a very fruitful WtW discussion. The necessary
CO, reduction with respect to the world’s climate
can be achieved only when optimized from a holistic
point of view.

To evaluate the impact of sector coupling, several
publicly funded projects in Europe, e.g. SynLink
(Isuzu Motors Germany 1is participating in this

@0 C’-mobility @)

project) ' and Namosyn ®, are
currently in place.

5 Exemplary results with two reFuels

In this section, selected results with an advanced
biofuel (HVO) and a synthetic paraffinic fuel (GtL)
will be discussed. Due to the low availability of
e-Diesel, GtL is used as a representative for future
non-fossil paraffinic fuels. e-Diesel and GtL can be
produced utilizing the same process (F'T process) and
thus can have almost identical fuel properties.

HVO and GtL, which are described in the previous
section, have been tested at the engine test bench
and also in a test vehicle by Isuzu Motors Germany.
Results from the test bench will be discussed below.

The fuel characteristics and also the fuel properties
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for both alternative fuels are overall comparable to

each other.

5.1 Impact of the C/H ratio of the Fuel

As already mentioned above, the lower C/H ratio
of the tested reFuels compared to conventional
fuel leads to a theoretical CO, benefit, even when
analyzing the TtW emissions.

Following the assumptions, that the engine
efficiency will not be influenced by the fuel and that
each test will use the same energy input for all fuels,
Figure 2 shows a comparison of the theoretically

expected CO, emissions for conventional diesel fuel

(according to EN590), HVO and GtL.

T 270
&
= 260
4
~, 250
: L]
w240 . .
GtL HVO Diesel

Figure 2 Theoretic fuel specific energy based CO, emission.

For the fuels discussed and according to this
analysis, the TtW CO, reduction based on the
individual C/H ratio of the fuels compared to

conventional fuel is approx. 4 — 5 %.

5.2 Results from the Engine Test Bench

For the analysis of the fuels at the engine test
bench, an ISUZU 4HKI1 engine (4 cylinders, 5.21
displacement) in series configuration with 177kW
was used. With this engine, several different tests
have been performed.

A full load test confirms the theoretical CO,
benefit based on the C/H ratio as shown in Figure 3.

TtW CO, emission

\ \
2000 2500 3000

I
1500
Engine Speed in 1/min
Figure 3 Full load results with Diesel (blue),

HVO (green) and GtL (orange).

\
500 1000

Lower soot emissions with the paraffinic fuels can
be observed within an EGR sweep at constant engine
speed and constant engine load. Figure 4 shows such
an EGR sweep at low engine speed and load.

Due to the lower soot emissions with the
paraffinic fuels, the well known NOx / Soot trade-off
with conventional diesel fuel can be shifted towards
lower soot emissions. Starting at a random point with
conventional fuel and by adaptation of the engine
calibration, two different benefits can be achieved.
Keeping the soot at a constant level, NOx emissions
could be reduced (magenta arrows). For constant
NOx emissions on the other hand, soot emissions

could be reduced (brown arrows).

: : —@e@— Diesel
7 2 g/kWh —e—HVO
A YN [ S —o—GtL
i 1 g/kWHh : ‘

-

0.2 glkWh

1 g/kWh

Soot emission engine out

NOx emission engine out
Figure 4 EGR sweep at low engine speed and load.

As shown, alternative fuels not only can be used
to successfully reduce CO, emissions (even TtW),
but also can result in benefits regarding different

pollutant emissions.
6 Conclusion

As shown in this paper, it is a strong requirement
that future propulsion systems must be de-fossilized.
Based on this requirement, future transport can be
based on many different propulsion systems, ranging
from fully electric vehicles (BEV) to engines with
internal combustion engines (ICE).

Independently from the propulsion system, key
building blocks for future applications are the
energy source and the energy carrier. For vehicles
with ICE, the de-fossilization will be achieved by
changing the energy carrier to a regenerative fuel

(“reFuel”), based on regenerative electric energy or
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biological waste. With these kinds of fuels, vehicles
with ICE (basically a very flexible energy converter)
will have a significant impact on CO, emissions
by reducing these emissions based on the existing
vehicle fleet and thus are mandatory especially for
the CO, reduction within the transition phase to CO,
neutrality.

For a good wunderstanding of the different
solutions for future propulsion systems and also
the aforementioned transition phase, Isuzu Motors
Limited has been promoting research and development
in various fields towards the realization of a
carbon neutral society and Isuzu Motors Germany
is currently specializing in the research of future
propulsion systems, especially regarding future fuels
and future variants of internal combustion engines in
Europe. In addition to this internal research, Isuzu
Motors Germany is promoting research projects for
Isuzu Motors Limited from various perspectives by
contributing to several consortia and projects which
are publicly funded (e.g. SynLink and selected FVV
projects).

For future propulsion systems there will not be a
silver bullet and thus an ongoing development of all

possible powertrain systems is mandatory.
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Introduction and Start-up of Crank Shaft Material Judgment Device

2 F

WA, FEEH T Y VI TE, RRETHE
HZDOHRIEL 2D 5N TD, WRIN TR R IZ
725 T StageV HEHY 7 ZHHI A 2019 -1 A 56 hiefr
SNz, W S HEJHE TIE, BURIANOUERL KR O, OEM
TR THHN N7 v TEEAL, PEE2.2L O
FEEM TV YV ALE2X #RF L7z,

IYDVREERMD 1 D THB25 7 v 7 Mid,
7 o TS i AMERECR D728 FERTHEA 5 B
EHEITH 72, Ko T AR THE DA EL 5 5E
HT & B S AT AR PE & 7 5 72,

AHETIE, s TRICBT A iRaEE LT, B
B IS & A L3 &2 #8055, Slal, 7
BB 2 & BN % XRF Ea R L.
WMREZAT 5 720 A5 BB EFRIRRE 2 i U, 2%
BELTA VI LA Z R L7z,

o A

Kazuhisa Fuku
Abstract

In recent years, stricter emission regulations have
been enforced in the world for industrial engines. The
most advanced regulations came into January 2019 in
Europe which are called as EU StageV. Isuzu Motors
has developed the industrial engine 4LE2X with a
displacement of 2.2 L by adopting regulatory compliance
and increased output.

Crank Shaft which is one of engine components,
for securing durability due to increased output, the
material changes from previous machine was employed.

In this report, we will introduce an example of
introducing an automatic material discrimination
process as a shipping guarantee in the forging process.
This time, we adopted the XRF method, which directly
discriminates from the component values of the
material, and verified it. As a result, we established
an automatic material discrimination mechanism and
achieved the introduction of in-line as a device.
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Abstract

In order to develop a distraction warning system for
heavy-duty truck drivers, an estimation algorithm for
forward careless state was devised. It was based on the
face orientation/position, recognized by DMS (Driver
Monitoring System) embedded in the A-pillar. When the
algorithm was evaluated on an actual traffic road, it
consists a good capability of detecting various types of
distraction properly.
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Mass Production Technology for DUPLEX Tooth Grinding Method of Final Gear for Heavy duty Truck
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Abstract

Most of the reduction gears (final gears) of final drive
unit for heavy trucks are processed by a method called a
face mill. Taking advantage of the old age of equipment,
the final gear construction method will be the DUPLEX
tooth grinding method, which has excellent fatigue
strength, quietness, and productivity. This report
introduces the outline and construction method setting.
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6.1 ¥

FHTHWEBDDOERESE SNz (R 14~ 15),
O EY7-DEEFIHWEBD K L (B114),

COAST i
X 14 HysELrl) (BEH)

DRIVE 1HJ

@  pmflEERIEHVEE DT 5 o m A & H
WeEBhsEK L (K15),

<
e ,\ \ N

X 15 ﬁfrﬁﬁllm (EF‘%)

® AziERRE e E 2 e L7z,

6.2 KEFRE

F TR RME % R U 72 A RS BT IR S5 O f R
wfilz.

6.3 EHHE

16 {2 DUPLEX pa#Hll Ty O ER S & mPE
P DN 7758 ABRAE R A R 3, I E L LTER
EIENID 5 T, PEITRIE IR W CHHEE D E D &
K0 FHmm B3 ohkh -7z,

INTYXEBHDEHN NG &7k 572,
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KBNSy VR7T 714 F)FY O DUPLEX sEMEITEDEEANRM T
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# * Eistcaey
g . . ACEEY)
&

e °

SiRE%E s —

0
BT R EEH

16 REHKR

7 EMEREREEERSTRELAEEREROE
- i OK f & NG D ZEDIKEE -

71 BEIENSA—ZDLER
O Y720 fEIZDONT
THUNZ 22137 < 58RO 22 DB Tld e,
@ RERIEIIDONT
B2 720 AR R IZHOWE B D TR X A 31380,
® WMU=DDOKEXIZONT
K& X232 < I AR RO ZE DA T,

2 wEyf=v)
KELEDLLEEWAE=F VIR KA L7 D
DRIVE iifi & — BB 24 7201238 h3d - 72, 2k
FETHEYE L7228 Dide — LD BRI D4 720 A3
VS, RPERE IR0 055 (R17), ZOEWH
W7 RIE A R B % 5 2 -0 L DO EK TH 5.

17 BAMVIBEOEY Y

7.3 @Ak
BRI « 3RO FH Ml & D38 % Sl L 7= S H

EBD, U0 OENSERE T AR ENIR R
0 (K12 &R 15 D) .
L U ki 5 Tl 9x5 FUIS o E| L7z oAl

EUIIRE LT e s 2 BT 0 3HHIEF &t 4
A IIN—TECNED ST,

Z Z TR E IS TR 7201
ZHlEL- (X118),

ZEMWARLND GBIy

BT CETE (um)

AESH

18 EEFBIERIER

ZORER, RIEESIZE — L HlCh Tk nd
BLENGID STz,

ZDZFEN KA T 7= IR — )L TO MY 7=
DOEVHRREL (R17).

18 DIEIR D E NN 77 35 S ik B A R B %
5.z =30 & L7,

8 EERRREHERTORE

8.1 EIE/INTA—4

HRIE & R A i . X BB LR O 5 X — 212
ROEBOPRDEBEHDH S,

O LD ALEIZDONT

DRIVE i~ =%, COAST flliZe — L% 0%
HS, FEA T20 % M2 BROHEERRE ., FEOH
BOERELTHRYDAEEZEDD,

FEA TEFERNZ ML 2T 72O H Y D O
FafER L. MLy 20 %O D E EZED D,
@ AREIREIZONT

B 7= 0 AT IS CHRE ML @ 20 %IRICH ST X R
BARERREN 20 prad L NIZAB LDHITTS,
@ PY-HDOKEIIIONT

B4 0 KT, PRIEOR 50 %, D Ed 40%1F

MR § %,
@ 73HiOERID —LMZIROEHEE & LR
=ik 10~20 ¢ m FEEDEXZH|D AL
Fikiz$5 (®19).
FEATE — Wi HED BRI~ B Z L A it d5,

Gear Slot

Relief
Amount

19 k—JLEERR
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8.2 mEEHIEH
HPERAT 7200 MEEBEHE IR OEB) £ 15,
HM720 WSO, KES, Y IY= VS H
Offad (BEE 14)
PRTAAIE  FEEL DI Ml & D24 & FHIl LB pm
NiZbbZ & (B3EE15)
{RiERRSE - o Ao B E A i 2
BRARIHIE 312 & B & — LSRR (3%X 18)

®e ® ©

9 SRORE

DUPLEX thffifill T3 pEkD7 = 4 23 2 1
LT 1 TRTOH: D79, s o
Pl ZOR, TIERENTEIUILEDEN DK
{7%8%, 7=, BVLIRRICHRImBTHIIN 445729, H
WEBDOWIIIEIRER 615,

SR THEREOH L X ARRL, P —F+ 70K
RIZH > =R L B AL S ICh L X8R Ehm]
BEZs BEMS 615 Fl LDz,

SRR IAND AR 5125720, 5l EHiE R
HEEEL, BEGPIL OO ZENHELERS,

F72, FYHBOREICH - Y4 720 @t 671 v
T L7z IRBE COMGE IR % Z 7= 00IE - §iskiiED>
2 b =¥ g v EERRBAR EOBE B HNh UL
R FE AR O KGiE & WRE L 557259,

10 &HUIC

WY S TR A AR TIAIRHGiR T 0 EEEIRRILZ
WS Ths, HHIEE ., AR - FEAKRAE Z
NPEDFEE L\, BHAAL~NLT » T EHIELT
O AT THS.

RBIZEDF L2, K IGEOEEREMICBAL, 2
W IINTZZ2NTOB BT, AREED 2 122D % 1
DUTHLR L RiFEd,

3K

(1) Hermann J. Stadtfeld: ADVANCED BEVEL GEAR
TECHNOLOGY, The Gleason Works, (2000), p24

(2) )= 7Y7 :Gleason £3IF—2003, K541
I $E AR FE B & FT L ELE L (2003) , p3

B8R 3k

OWF sERO—_%

ALJL 2000 AR v )L DX (1965 FEZ5)
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Study of Aerosol Movement and Countermeasures in Public Transportation

N = fops P e
MR MR EAY f W ERPee R e
Koichi Tatsu Naohide Shinohara Kim Hoon Naoki Kagi Jyun Sakaguchi
A B R Ly BEERY R SR EERT OPRE AREEET ONBE M
Akiyoshi Iida Kou Yamauchi Yukio Yasuhara Makoto Tsubokura Wataru Naito

® §F

:m‘ﬂm W UCRIRI 2506 R A, A LA bR

BRETHS, AR TIE, BKFELFHAE L, 3t
%Hﬁ%ﬂ‘@“éa&é . BN ZIZBIT AT e LD
%ﬁéﬁéwﬁbto_®&%®17ijﬁ¥_
PSL & A LWk % fii i U CEH-l % 17 - 7z, PSL &
T LR WMEA A S 5728, T7 LR MK L &
0. ENGHICO BB BB B, £72. AR TR
I N7 4 Ma OKFiiER N AFHTI L. 2O
RAEF TSR LRI TR DB 5 Z Lhvbh - 7z,

Abstract

Public transportation is required to have effective
measures against the new corona infection. In
this study, we investigated the actual condition of
ventilation, which is said to be the infection route of the
virus, and examined the countermeasures in addition,
the behavior of the particles when they were diffused
into the route bus was measured. PSL and artificial
saliva were used as the particles. PSL tends to be
deposited easily, so the particle concentration is too low.
It may lead to evaluation. Also, the particle collection
ability of the aerosol filter was evaluated. From this
result, it was found that it has the same effect as
window opening ventilation.

1 [FU&IC

ARELZBDONPFHAT TR ONZFOR
HAEBE, SFEAIAERY HEWIZB T 5 &G
2GS R IT A SICEE LB ETHD . aa) -
Post 2uF B TROEND H LA IZBN

3. A ESRE DR R/ NEITH A 72 R D
HAKW) (Ko SR 2 ko 5 hCnvs, COVID-19 %
FlgiEZFHAaarv 4 L2 (SARS-CoV-2) N

DT RRGRERIT TTRIRIES] Th D [ TRAFALIEGY
(ZRUEGY) | RO &G ¢ RETERWEE A
SNTNBH, AR DIEGE) 2213 &5 550
RO (a5 - K. WHAERFRE. ADfiih - A& ADHR
B, 25 - RAEORE, v 20 EHOUEY 27 kL)
IZk->TRES BRI EEZE 26D, £72. BFrZ&IC
KO THEINBIEG) 27 128 ENHEEE LD
N5, ZO7, WA ZE T s iR 2RI L,
i LT ZENRIETH S, BHNKOEEMNICE
WT R E RN 2720 Tl Bl NEIN1E A,
EZNH T DN LN BRONhEETAZ &
3, &R 22 H FIFB72000 — =07 B AOH)
WMEZZSH ETEHEETHS,

— e e A L A SRGURR IR & LT, Bil&gL e T
T ENLERARR Y BEZoh b, 11

(& COVID-19 D&Y % /8 L7z, COVID-19 D
FEERAE IR TH B

#£1 COVID-19? ORBLARE
Mode of Transmission tuberculosis C}:i: el?:rll;sox I\?I/Elliss COVID-19
Droplet Transmission (@] O (€] o
Short-range
Aerosol (©) [©) A~O O
Airborne Transmission
Transmission Long-range
> Aerosol o O X x
Transmission
Contact Transmission x O (@) O
O BPUTKRESBE OB LTS
NPT R — 2 HY) X REGUIBE A L

2RI ONWTE, BREN LGN EL 5728
FICRETEIEEZEION TS, REM ML
KR . BBEEE DY T2 RIK R A <i§
57 — A Thb, MK OTRK & HE D Ktk
10 g m LU ORI EURRE T R 55 & #t
HEINTOS, @M ELBETLL, FRlFRER &
L“Clumiil4.4h 5 ¢ mid 35 min, 10 g m i
9 min &7 5> T% Y BEF KONG4 LIz L 2O H

AR T () SRR A ST
Froe SRR AR

e CAE 7V ZOVBIFEHEMES  FEE

TN REERI R ERERE B T RTSER Y R R LA
B v K I o U AN
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OREKEDKZEXIZ, 0.01 g m 25 mm FEETHO,
MR E LTIl ¢ m iz & 100 o mADICE —
2 &R T0B Y, IR R UTREIZ G Eha 4L
ZYRIEI, RRICKD Eab0, HAX 1 1 m DRiE
OFEFEIZ 0.5 4 m’. 4 1 m ORiFEIZ33.5 um’ &7
0. L LTIN 64 5 &5, B 1 ISIZIFIRIED TR
S AON\7 X ADY A E ) (TR N RN (VA 33 (TR e
BRI TFHREZRI2 18 Lz, Zh&ED ., FRIEIS
EENHBIVANLZEUL, 12U THED ., ORI
WRIZIHIT 5L 0ETSE. 10 1 m A TFOFF5-1.
0.01 %A F&x5,

=
.8
E
E 10-!
4
=
o
2 102
]
=
g
2 0s
o~ 10
o}
.2
=
=1 0
10! 100 10! 10% 103
Particle Size (pm)
1 KIEFIOBEHEE
E» 10¢ —~volume g 10°
E frequency
=9 -
-l 10° Cumulative 10 -
=1 frequency =
£ 10 1 B
8 5
= =
= 1 =3
E 10 10 2
2
£ | 102 E
> A Z
2 gl i 102 &
g 10
= /
>
102 10

10t 1 10t 100 103
Perticle size(um)

2 NWEROBHLE

PE X i mEid. ARIOWEE K OHE I K -
THES, 20~ 34 EOMEIRHP O E X, 0.4 m®/h,
FROFEENE. 0.7 m®/h, FHEIHEE, 4.3 m®/h & HEE X
N3 YO RIRPERIZ. 25RO A E DT
Bk Bas0 D, METSTEORKYEL I
R (m’/h) 2FLBHZET, BTES, 9L R
BEEE i, WA RS B T2 L miEE 85, 7272
LZOZFRFRIIITE E LS 2T ) A+ OBG A2

BETh5,

AHZ BB I BT 274N A KGR DB B
Hftiix, #Bi & (Dilution Ventilation). A
1%, (Personalized ventilation). 7 4 )L & i &
(Central system filtration). ¥l (In-room
flow regimes) ® L& INTNWE, [THIEZZE L7
AN ZREGEF RO T2 ROO~@ITIRT,

®© R

PEHORR v 22 L 256, BREOHIR

BEGR:~2 0 G BRSEEH. 7aT7 o 4 —

WIRERE, AN ZRDAIR (a5 Hilite)

@  TREA

PEH R~ 22 5, 266, AREDHIR

WEFE R~ 27 5. WEEREEE,. oA L 2RO A

PR (5 FiliE) . SoD il

® i

PEH R~ 22 5. 268, AREOHIFR

WEFE AR - AT EHIRR (D RO H & filshusny) . Phi

CRVARYNRCE i

IN6DOHT, AMAGEBEB & L THEBITE 50K
FEELTE, YALZKOFR, KO, Ei
BEFONS, HSOMIBELTUE, TALZKDOFR
3, BRI EICEBKIZEDTANZED RN TH
%, TNORREE LTUL, BEFERCEATELEDRHMH
DB RENC . Rl BRI A RFF A 2 & TR
BNEWS 22 ERRE LTS, IS 574
2 Z 2 ARIEI TR ON T, BRI IR 2 Bl
RN TAZENRNEETH DM, THLF —hEZTT
5L, AZ, BEEOBBEORN»S L EBHITIZRDS
TFRLEETHS,

A2 TR, OYANZDOREGS A FHE LS ETab
FRBR (HKPMIK - TR O Z B R ITES44%s
E)ZoNT, FEMl - SRR - I AL —v a3 v E
HABRDETHENZTTEZ L, @B Z L DR
) 27 G i & 470, A S EISRERICK S ) 20 KK
IREHEE TSI L. ORAFELITH T2 xR H DB
RAEMFHIZEEHNETS, SRIO®RETIE. EOH
D> BEOIZR L TE, BRSO FLREFI A S R
IZOWT, RUGIZHLTUL, =7ay7 4 s (K
e Tl FHitED 7 4 LB AT Ta LT 4 LA L&
MERZEET5) ORRIONTHE TS,

2 HARGE

2.1 BmRE

CO, IR FELE Y 2 VT, B N2 DOHEEN
O N Ko OF ST 5 i 0D #5340 il 0D 488 S Il % Ml L
Teo M= —H2LK% CO, #HENITHIL, H
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WDy —57 7 v CHNIRE Z—IZLzb b, IiE
O SHNE S IZ 8 LIRS E % CO, HIE 77
(JufbEk AS1s. ¥ b7 w2 MCH-383SDJ) 12&kD &l
MU=, Wi, VER TR A2S 70 cm D &, @
IS BN & AE U TR 25 150 cm DE S TiT-
7o ARERIZH W IR Z OH AR M Bl AR 2. B3
12, HPESOREX AR 412, HlES AR I IC. F
HBELTHW22F Y 2RI5 1287,

xK2 NZADOMHH
Index Dimention
Length 11130mm
Width 2845mm
Hight 3045mm
Seat 24Seats
Standing Space 63People
Driver 1Person
Volume 50m’
Cooler Blower Hi(4100m’/h) -
Lo(90om’y | 3 #HREHOHEIE
Ventilation Fan T 1(522m3/h)
Rearx1(522m’°/h)
CO; Sensor{outside)

@ CO:zSemsor 70cm
() CO;Sesor 150cm

==
\ I Door & Window

|

4 BEAE

x3 HEBREMOBESRM

Index Set value
Velocity[km/h] 0,20
Passenger 0.24.75
Cooler blower ON.OFF
Def(Defogger Fan) ON.OFF
Door Close.Open
Window|[cm] 0.5.15.30
Ventilation Fan OFF .intake.exhaust

®5 <vx¥%>»

2.2 HHLFEEmE

AMFRIZBNTE, BNOBRKIRRDOA =L %
JEIRT 572012, WMk I 2L —v 3 v ETEHT 3.
ZDET AT ME L 70 % MY B Ak % X b 12 K 5
SEFEERA (EOM %1 Dr.dolphin) kb &EH L7 Y #H
MR REE R, BAVROEEE S BER LT, &
W CHIE & 1T - 720 GHUIBFOR 2B 6 12177

6 STEHAE
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2.3 IT7OYVIVT « L2

I7OVIIT 4 LZ ORRIZ AN TR 1 GERIA:
100 ml. Z’VkVY :7.6 g LT IUDL 1.2 g)
EPSL (KVAFLYIF v o X 25/ O
QMEFHAMET L7z THOEDBEWET b~ A% —
(HA A 7~y 27 ZBLATM226) 12k KM, #
HH7 7 V20 LRSI E BT, R FIRE»
RELES, BHBH7 7 vEEIELTr—-570y
(7 =W VAARINZZTOY LT 4 L ZERE) %
TEEI X T0.3 tum~10 um B TIREDOWE%E,
IN=F 4 Ay E— (HEH /)~y 2 ZABLPC:
IN—=F 4 7 h 4 —3889) HIEmMDINER AR 7
12, T7aVLT 4 LE OREORKT AR 8 12/ L7z,
ITUINT 4 NEDHUMERAITINT, S—T 1
LAy —i3.1,2,5,6,7,9,12,17,20,21,24,26 (X1 4)
DOFLEIZ, BE Lz, MIESRMEE2FR 51581, A
20 CiE, N LEE O R £ O B & ) M % TifE R
L7z ECikBR & 47 5 72, PSL I RIKRL 2 f5E LT,
1.3 ¢ m ORfREH Nz, T7aVILT 4 LZ ORISR
O IS AN S ] @l n ot G- R P T N Vi -
JE DWW EE LD W MIECE M L7z (RSB & I
RZELET5B), kR FE2R 5177,

I7aYIINT A LA DIEEEERE L, R %2R
H43L, 77— & 3580 m°/h., 15 min 4720 D
HlJAR T DR, TTaIT 4L E EEiE TS
B0, 19.3 ml&5, RiFiRE OIREIZ, =7u
VLT 4 L4 1 HOMEME T 50 %t IRETSE.
99.999 % A4t Tx%, ZOMERIA S, 15 min
O Ll R D25 A 99.999 % E RSB Z L AN
LT B AR $5& 51 B /h fHYOMK &
55,

2.4 BRRUREIE. RADIIaL—23>

CFD (BffiyifA 1% :Computer Fluid Dynamics)
T, Hilj O ORERE, RIKDT I 21—
U MR TES KT, HliET N A ER L7z, H
METF L OHEYEIX, CAD (computer-aided design)
7 — 2 K0 EHET L5, BRREIARE 5 EDOE WAL L
N, T T, FEREO A 2 B R i R E A R A B L
7o' T NEHEEAT 5 72, BRERBOAE L, FEITT2
S A HERE L3 5 25 5.0 K O E T 12 BRI & 3
5ZLbliz, ZOETLENT, FELOMRE
BEMELTZ, 2D LT, BN % TRERE K OTREK
DILHCRILE RS B T 217> T, =7aV)L7 4
LA RETORGET — & & LTz, BT KON &M%
X6,

£6 CFD EEFILOZEM

i Cells 120million
T " Nodes 60million
Turbulence Model Standard k-epsilon Model
Wall Treatment Standard Wall Functions
Inflow exhaust-fan _[Pressure jump (polynomial profile)
Outflow pressure-outlet| Results of external flow analysis
Particle initial speed 11nv/s
Particle size(um) | Count-Ratio | Mass-Ratio | Mass-Flow[kg/s]
0.500 0.5x10" 0.6x10 6.67x10™2
1.00 0.1x10 0.1 1.07x107
7 BIERSR 8 I7OVILT 1)L 2000  0.1x10° 0.8 8.54x10™"°
4.00 0.1x10™" 0.3 2.88x10™°
x4 IFOVIVT 1 IIVE2OLEE 6.00]  0.1x107 0.1 6.83x10™"!
Filter size(mm) - 437x135x25 - 800 02x107 ! 1.09x10°
Surface Area(m?) - 4. 16.0 0.6x107 20 2.26x10°
Dust collection performance (0.5um %)« 50-60 32.0 1.5x102 5x10? 5.24x107
Dust Holding Capacity (+200Pa) - 130-140 - 64.0 1.5%102 4x10° 4.20%10°
N - %3, . 2 3 6
x5 HFOREMLE (X438 200 0810 710 7.5510
2 4 -5
Condition 128]  0.5x10 1x10 1.12x10
L. . 192 2 * >
No. Cooler Blower | Filter Ventilation | Ventilation 0.2x10 ; 1X104 15110 -
Fan Front | Fan Rear 256 0.1x10 2x10 1.79x10
1 ON-Hi - OFF OFF
2 ON-Hi O OFF OFF
3 ON-Lo O OFF OFF
4 ON-Hi O Exhaust Exhaust
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3 WREEE

3.1 IKEHOAERER

BRMIZBT 2 RMMERERER 7 IR T, 2O
REDBEEZEMORLEEHDZ M (No.1) Tid.
s mEuE 0.1 1] /h LR Th - 72, bl 55T
2. BNTH D720, WK OFHRIRDFEEE % 32 1 HC
Do -0 MBEIEr > 72FE L1605, B9
IZiE, AEEEFO R OB LA & 5 m o B R &R
L7z, BORCHRE & B0 BRIk ICHh 2 Z &
Nbohd, WRIZHEGTE7 7 o4 - LU, E
KOS THAH, SO ORNTE, Zh
5DT 7 28 —DEHGEN DN, A AIZE %
T BEIEMO B D BNFERTH - 72, BH.
No.10. 11 OFEFUZREFOALEATRIET -4 T
b5

6
L]

= 4
z
g ®
5, .
S °
£

0e

0 5% 10° 1310* 15%10°

Windows open area(cm?)
(o782 & 7 %K)

9 EHERELBRTER

x7 BEXHCHITBRIREH

s{s|is sl e|ejele|efele|efe|e|ujuofefo|efe|o|n|n 12 8

20 343202343 ]s]s 23 | 25| 12|25 |36 |36 ]35[33| 3 36
sl le|s{s|s|ssle|ele|efee|e|s|s|s|[o]e{e]e] B

25 6 4 4
26 1[7]w alafslu[nfu]ufn]n s
Bl 28 2 37 [as [ a0 [as[as |02 [ao |20 as[as[s2]a[20]34] w0 2
03 T T S IS IS I EEN IR I NS 7 A I I N I I AP (N IEEN INEN RN 13 9
29[ 1820 15[ 5[4 4|44 14|16 161516161313t |42 4[3]13]13]0
) IEEN IR EEN PN (P AN PN (P EE P I A IS AT T T
a1 3028 [ 27|28 | 2740 0N N6 I T I I I I N
wlor s w[r]as|aa[or ] as]as[ar| a6 [aa[os[or [as[oo[2a a6 [as|or[as[]2r] =

3.1.1 BREE—F

5 (Ventilation Fan) O%F— FRIO#AEIEL
DWERAR10 IR T, ZOERED., PRE-FT
I3 NER LK TESLZ Ebh 572, ZOJH
KN, RO IR, YT — FIH Y TEILE
INTNBZ LN, KA. WU 20 Pa i
K UT, PERIZH 65 Pa & 3IEDRENI A H 5 720T
Hbo

14

—_ =
S N

Air change rate(h™!)

S N b~ N ®

3 4 5

Test No.
Ventilation Fan Exhaust / Exhaust
Ventilation Fan Intake / Exhaust
Ventilation Fan Intake / Intake

10 #BREET— NICKSBKER

No.3
No.4
No.5

3.1.2 Def DR

FI4 v HT 7Y (AT “Def” &WES) ORHR%
1MITRT, ZORRED, WK E2MHH L0
RZBNTIE T OMR AL T DI LN TE =, 5
RO TR, Def OREN KRN =0DIZ8h R &
LCHER S ZENTE LD 5 72 HEHI LT3,

14

—_—
S N

Air change rate(h™)

i

1 2 3 14
Test No.

S N B~ N

*No.10,11 {37 — 4 R48

No.l1  Def OFF

No.2  Def ON

No.3  Def OFF Ventilation Exhaust / Exhaust
No.14 Def ON Ventilation Exhaust / Exhaust

11 FI7E—NIChI3a5EE
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3.1.3 7—>7070%%E

121207 — 7 7u 7 A ROHBEKMIE%ET T, 5 cm
AHRHEF DY — 5707 5 Lo .
1\ /h, 27— 5709 A0, 318 /h
TH o577, 30 cm BRI EHED Y — I 707 kLD
SR ENE. 5 0] /h (EEIRECT9 %) ISR LT,
27— 707 HONFRENEIE. 4 0] /h (B EIRE
24 %) TH o717, BRI MKMEEUE. HEh &
K R dlifhH 50, 7 —F 707 OFHIZLD
LT B2 Enbh 572, 7 —F7a7ic kb AN
BmMozhRIE, SRIOER»SGREEZEND D LIT0
RN

16 2 Scm without cooler blower
14 a5¢cm with cooler blower .
7 12 *30cm without cooler blower 5
et 30cm with cooler blower ®
Z 10
g g o. ees
]
50 .
g§ 6
S 4
= A F A AL A fv
g, o/ . \f\ | A%
0 AAA AAAAA ..A. Ah-hkokoh A kA
0 10 20 30

Measuring position.

12 7—77071ck3B5E%E

3.1.4 EBRTOMRE

HOHA 30 em BB L7 & = O a5 B Bt
5101 /h (No.8) Tdh 7z, ZAUZBEDHIIKA M5 & |
33 /h &0, Kz fasdblEoRne s -7, %
BEDOFERRIZBNTIE, AOHADEESNIDS720, B
HRSRIBU IR A AN S B L HERTS S .

3.1.5 FEEOXE

X 13 12 Z B OISR & 3, HIE SR
PR (PEX - PEX) OFERTH B2, BRI
FIREIC, AR ONED 72, BNICREDIFLE
TBE, “EAERINELEBDT, [Al—OHKmE
ThuL, MABEDKFBHDENI T EITES, R
EIROIE T I, AEDH D2 212 k5805 R
ThH-HEZEZLNS, S, v 3F Y EHVTNS
728, KIROWELZELER AW L TCDH, AF
BEDKROWEAERTHL WHTEROTTREN:S
BB SHOBERETHD, /2. AMEFREELD
EAKTROFAE L OB & METHETH 5,

30
=25
=
% 20
& 15
g [ e °
< 10
< 5
0
0 50 100
Passenger(persons)
X 13 FEEHLBREIE
3.1.6 EITOXE

EATICBT BRSO E K 14 1287, £
(SENUEVSSAEE QR D) IR aL- TN E R Y S Pl L Y P EN
2 525 3 FDOIKIIEBAEI L Tz,

60

420km/h  e0km

(A
(e
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without Filter | with Filter | CO,
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lpum 5 49 0.2
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Condition
o . | Air change rate
No. Cooler Blower | Filter Ventilation | Ventilation B
Fan Front | Fan Rear (h)
1 ON-Hi - OFF OFF 2
2 ON-Hi O OFF OFF 38
3 ON-Lo O OFF OFF 17
4 ON-Hi O Exhaust Exhaust 43

3.4 BRRUOREE. READYI2L—2 a3 #R
18 12 Ventilation Fan M ORI EITHRICET
AR 3 AN I 2L — 3 VEERART, AL
TNZDFET AL, FERE D Bt ] 1hn R i 7 & 3 J e
INTHY  FEROHKNIEAER L Bo—FEm L,
FRETI AL =V g VRO AR 19 1TRT,

Time = 1.0

(1)
(1)0 km/h, door open, with Ventilation
(2)20 km/h, door close, 50 mm open windows with Ventilation

B 18 B|MRHMRDIIaL—2 a3 #ER
3 s

32 33
No.

No.3:0 km/h, Ventilation fan (exhaust & exhaust)
No.5:0 km/h, Ventilation fan (intake & intake)
No0.32:20 km/h, 50 mm open windows,
Ventilation fan (exhaust & exhaust)
No0.33:20 km/h, 150 mm open windows,

Ventilation fan (exhaust & exhaust)
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Automotive Engineering Exposition 2021 Hosted by JSAE

2 F

23 AR AN B B s iy 2 3 6 D B Bl L i
[ANELBEDT Y 7 ay —JE 2021 ] AP Xhiz,

72720, S 2021 SRR MEENS < il av )
ANZDEIZRD MRS - ARG EIZ) T
UGN, Sk FrizichmShizt >y 54~
EOAFETHIZE - 72,

W9 s HEJEH O H R TR O, MUHLD
A TEHfhi DT 2 E /G5 DOHEY % HZ
L7,

PrELE T, 2019 IS T LEFLF 2 VY L,
2020 I SEI AT - RRINFERR A B2 L 72 B i
¥y 27y 7 b7y 2 ISUZU D-MAX KO8, ZHhuc
BEHINAHAT 4 — LTy Dy 4JJ3 B8 L=,

— i, Bl & L Tid, bt R A
MIMAMORI/PREISM., K UBRBixIE & L7z,

BRI R

Youhei Iida
Abstract

Automotive Engineering Exposition 2021 was held
by the Society of Automotive Engineers of Japan, Inc.
(JSAE).

Due to the spread of COVID-19 continuing from last
year, a string of technology exhibitions was cancelled
in both Yokohama and Nagoya. Instead, a new attempt
was made to showcase them online this year.

We Isuzu Motors, Ltd. presented a total of five
exhibitions which includes the introduction of our
new products and efforts made in the development of
technologies.

The new product lineup included a newly-designed
ISUZU D-MAX pickup truck rolled out to Australia and
Europe in 2020, which is a full change model of D-MAX
released first in 2019, and new diesel engine 4JJ3
developed for the D-MAX.

In addition, we made an introduction of our Advanced
Driver Assistance System, MIMAMORI/PREISM and
efforts toward environmental improvement.
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24GHz Radar
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4.2 4JJ3
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Iz R U, PR Z - - REMERED IR FL SE TN,
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