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Abstract

Isuzu introduced its main product New ELF as a full
model change after 17 years interval and New
FORWARD after 16 years interval. This article
introduces the outline of the objectives and development
process of the “New ELF and FORWARD”.
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Abstract

New ELF and FORWARD base concept of See
Universal, development has done with a focus on a
safety performance, an economic performance, and an
environmental performance. This article introduces the
outline of it.
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Outline of New ELF EV
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Abstract

In response to the growing global momentum toward
carbon neutrality, we have developed the ELF EV, which
achieves zero greenhouse gas emissions while driving,
in conjunction with the full model change of the ELF for
the first time in 17 years. This article introduces the
outline of ELF EV.
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Abstract

With this model change, the ELF, now the seventh
generation, and the FORWARD, now the sixth generation,
have always brought to market the necessary functions
and performance to meet customer needs in a timely
manner. Cab design has also made its presence felt as a
representative model for small and mid-size trucks by
introducing styles and advanced technologies that
change with the times. We introduce the design
development of the new ELF and the new FORWARD,
which have been sublimated as styles for the next
generation in order to cope with rapidly changing
logistics, such as the introduction of a new driver’s
license system, the rise of social trends toward safety
such as the expansion of advanced performance, and the
pursuit of economic efficiency and the enhancement of
environmental awareness such as the promotion of
carbon neutrality.
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Development of Transmission“ISIM” for New ELF

PSS O R fds B ELL* IENTE I 13—
Kouhei Akashi Katsuhiro Enami Naohiro Kaneko Toshitaka Mimbu
Fhilr - KT (R NI EE[mp c T KWy (&I
Yusuke Akiyama Reika Sasaki Shuji Taguchi Shunsuke Onishi
FAH i
Junpei Matsuda

g F Abstract

FEITILT FIZ A L — 4 — % il L7z N8 9 33 AMT
(Automated Manual Transmission). ISIM (74 4
Isuzu Smooth Intelligent TransMission) % BA% L7=,
ISIM IFHEDOFY LA VI k574 FAhDra 2
LA OFVHEGE & w2 =~ R OHH
JARIIAZ R DERFH = K 2 R MERE D KM Z¢ 1) | & [l IRE
2, TaTlhy 5y FORIERIES AL — X %%
PEREA FHL L7z, SN Z OISOV TR 5.

We have developed ISIM, a 9-speed AMT that
revitalizes the previous Smoother system for the new
ELF. ISIM incorporates a unique gear train structure,
enabling wide and cross ratio gear settings. With a
highly efficient hydraulic control unit and reduced
losses, it achieves significantly improve fuel economy
while also delivering smooth shifting performance
through its dual-clutch system. We will provide an
overview of ISTM.

1 (2UBIC

PR FAEHNE S BT, PIRBEBIE S5 6 T3
BEHGTRO A% 502 AATHD, ZOHT
CO, PEHYEIA 23 2 R B O IR B 13— R il < oK
WOENTNS, W s TR T v 7 OBRBEVERE R O —
U — P4 7HREN FO=— 213 AL LT, 3
B A AL X BT X125, WES DO BIREERE S 4 —
V—FIA4 T ALY BOL LTl X RS, 9
AMT @ ISIM (T/M (Transmission) %I MYR9)
= HFE L7z,

ISIM IEHERTD A 4 —H =12 x| KIEIZHLA L7z
LIAMRE a2V T4 OF Y HEE sk b B AR
BUREE, FER TN —Fh o TV VT KROTF 27
259 FOMIFELKEAL -V —FIA4 THREE S
PIC T LT3, Sl ISIM O#ExE K OV
DNTHEITTS (B1),

K1 ISIM Ay METIVE

2 FRHEDORLL

EWBREIMERE LA — Y — F A4 T D= — X6 A
HRL, FROHWEXRD 2.1 Hi~2.3 8 & L7,

2.1 MRE&MREM L

2nd DL EOFYL AT RAVITRTEBD 2L —H—
HT40 %74 FLyv Lz 9B &tk ra 2L v
HERE LT, B2 3RO K FYERICB T VY
MR AR U, o0 2 S Na e & R 375 — 7 C.
AT I v D v AR A K < A 72 E 1T 3 vl BE
(278 5 Q5 [AFRES T O S Do, HifEE
YEC Y v nlfis F A AW A 7T A TREL L O
5, 2. vy o7y TOEMEHERAE K LE»,
MR SR OERI#E L= b, ROREZEDOAE
JARWIEIR ORI LD . SO EREMRE 2 B L,

F£1 FEH#T

ISIM (MYR9S)

Smoother (MYY62)

Max.Input Torque 430Nm
(2023 NEW ELF) 430Nm

Center Distance 99m 99m

Spread @ne-) 8.8 (6.7) 8.4 (4.9)

Gear Ratio ist| s5.162 - 5.979 -
(Step)  [2nd| _3.941 (1.31) 3.434 (1.74)

3rd | 2.868 (1.37) 2.040 (1.84)
ath | 2.189 (1.31) 1.379 (1.44)
5th| 1.679 (1.30) 1.000 (1.30)
6th | 1.304 (1.29) 0.708 (1.41)
7th | 1.000 (1.30) - -
sth| 0.763 (1.31) -
oth | 0.585 (1.31) -
Rev| 4.810 - 5.701
Oveall Length 837m 854m
Weight (Dry) 140kg 148kg
Gear shifting device Power shifting Sliding sleeve
with dual clutch with gear dog
Fluid Coupling Fluid Coupling

Launching device

CERENRG A - BREHER R s bR
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speed

A
.
-

Downgpeed .-~~~

- ISIM
--------- Smoother

d 3ri 4t 5th 6th 7th 8th 9th

and , . 3rd, , 4th . 5th_, . _ 6th
X

Engine Speed [rpm]

L RN

Vehicle Speed [km/h]
2 FTHILTUEEHOLE

2.2 Bhi-41—I—RNo1 7148k

BXVEANDE WL, T 27079 FOMIEA
12X327 9 FERERRA L, BB sa2L 4 &0
FARIZE D DIER:, WO Y ThOBA &R
FTANPLELEE AR ohbsLE812, BRI3ITRTE
B0, AL —H—THRELTERIED ML )%
R L. EHEHEM A/T (Automatic Transmission)
E A DEREDINE R Z [REE Lz, 72, AL —
H— LRBRICHEH DTN — K o ) 7 ERA L,
INFETRHIZAEE A5 TS RAF R R EVERE. K UMM
JETHIFEVERE 2 KK L s,

No torque Sth
interruption
4th

ISIM

- Smoother
o ==""4th

td
d
’
3rd d
- -_..0/ . .
3rd -Torque interruption

2nd /
2nd —Torque interruption

Vehicle speed

Time
3 INEERED EEER

23 B=-a /N7 MY

F= RS S OV U 7= A B M O bz &
DRGTE - BEEATER L, OEEY P LA E, 8
BOFXYET—DOXVH| & LHT S I kDT
HIECEHIE L . fERTD 6 3 T/M LR OFYHE T
9 AFEB LTS, £7-. MIMAMORI » 5571
LCOANBHEEILIZ, FY - Yy 7O A %
AMT O ATNZFRHL LG 528 THA X4
vV X5 TNWA,

MATRELATDOIN—FH v T Y)Y OERRIC
K0 BR AR L2Er, BEANEMEXYy 7
b2=v b (AT, [GSUJ &£WE$) O, r— 2D
ML, A O E BRI A RUE LR, 2
LH—H =12 L TEE% 17 mm fEiE, EEIZ 8 kg D
AL 2 L5,

3 T/MiEE

ISIM D kEE Wrai X M S FE ey — FER O E
ERI4I12RT, B — FPEEOME R UREL 3.1
Bi~3.5 HICCHHT A,

Fluid Coupling
Dual Clutch

Gear Shift Unit (GSU)

Hydraulic
Circuit

Gear Train

4 ISIM (MYR9 &) #&&MmX

3.1 ERIIN—-KHyTVT

T/M H A4 Z/NRML D728, i i i -3 % fE Rt
23 %I L AR A5 L7 (R 5), REEREA Eo
728, Ty 27y TR SOEMIEART D jEl & 2 L —
P —12x L L7 AL, Ko KbdsTon y 27y
FEagEL L (E6),

Flattening
0.65

Flattening
. |0.50

]F L[‘:-‘ K] I
4‘1‘1’—;—: L T 4k -
 ISIM Smoother

5 71— KhyTU T MEER

Smoother ISIM

]
I
I
[
I
I
I
]
[}

VR

0

Torsional Torque

Torsional Angle

6 Oy o7y TE N4
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.........................

LUID

@ " COUPLING Uﬁ.; QS o ®
SHIFT PISTON
X7 HEERE

T/MInput ..

Pump Drive Chain-..s
_Accelerated

" Trochoid Pump

8 #F7ty rKXAAIKLT

33 77vF

AT 1R ) 2 R DR BT 27 T F
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DISC&PLATE DISC&PLATE
(Odd Gear)

(Even Gear)

PISTON
(0dd Gear)

PISTON
(Even Gear)

X9 77vF/INyIEE

3.4 ¥VvhL1>

3.4.1 B&

ISIM £Y LA YDOZAFIL bV REEX Z R 10 1278
T, W B HE BB S IAT) =) A g VEY S
e, WoETBHEESTY NSy FEY 4 W OME
BFTH/ONS, AEF 12 DF YL oA DHhns 8 DDLU
HEHWT, EAERO 7T HEAEF —N=FFAT
2B IBEF YL VA M LTS, AT Pri Lo
(Lo 7’94 ~V) YA, ¥D MLy 70 —"7T 8/9th
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T/M AJJERIE —EHE Th O . A K Ol
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[Primary Reduction Gearset |
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[Output Reduction Gearset
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B 11

3.4.2 BRI
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VoY a YRTY VST v Ay v 7 Mok K
Pz KB A A4 L SL — 2 235 Lz, 2
UKD, EEKITHEOXY b4 VOB EE A
2L =Y —lWTRESHFETLIZLNTER (B12),

Trasmission Efficiency with High-speed Cruising

+0.8% injprovement

Trasmission Efficiency (%)

ISIM Smoother
12 FVMLA R BAFEEAED LR

3.5 GSU

2a AL T AAIZHE S 25 O FEHE ISP, T/M
FXY LA VYADY T+ A — T E L fEB A3 K
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Lo FEMESARE L8, /Ty AR T
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/NRIEE AL & AAS MR BICEBILT05,

Torque Flow in Each Gear Position
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Direction Switching Valve

Hydraulic
Cylinder Body

Gearshifting
Rod

Pressure
Control Valve
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Abstract

New ELF is the 7th model, and New FORWARD is
the 6th model in their series. Among them, New ELF
standard cabin is fully renewed after 30 years. We've
developed new easy-to-use cabin for everyone in order
to contribute to solve the social backgrounds such as
increasing drivers’ workload due to the rapid expansion
of e-commerce market, diversification of drivers, etc.
This article introduces the main technologies installed
into these new cabins.
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Abstract

For the new ELF and FORWARD, many items of
Suspension, Axle, Steering, Brake, and Tire were
developed with the aim of improving performance and
responding to advanced safety technology.

This chapter introduces the outline of the
development items.

1 (2UBIC

SROTLEFLF = v OIZH-0 . HRhOB R
PEEOVEHIG 25T, fERTHE OGN 2~ — 212,
WRIILT - 749 —FOavE 7 MW T, 5%
D THE < ISR E L 55 L4 BT S N T
A 2 SOPE IS OB DO BEFHEI L. £ < DRI
filifiin b 3R 35 R BRERIEE OB TE & 17 - 72,

2 BRI

21 7O M IFRUTFUMYANRC Y 3

BTV 7 TR TS D . S SN E
Mid A& FERE L 72X T 4 2 a2 R — VR 7
VFVINFZARYY g VEMUKL, BEARGTORE L
AT O M R O D R RE O RGE A X D .
ki Ic L B8R L & DR CFhE L7z,

F7z, HAGEOOREER M 2D 2 — b L%tk
WLAFTHZET, P KO pE 3 2 MKk & 7 AE
oMb EX -7z (K 1.K2), HIZ.FEM (Finite

Element Method) f#HT Clit AfSFEPEMREE 2. fEHT &
DFEEIVL -V 3 VEFEE§THI LT, FEEGHTD
AN AERT LA DI AfS T % iR L7z

| W FO—/D4 RETSR(E
8 : FO0—/04 K3tk

BRKT;COIL SPRING

CROSS MEMBER;RR

CROSS MEMBER;FRT
KNUCKLE

1 7O R AN 3> (FO—-F v F)

R AT e



W SHE1355

CROSS MEMBER;FRT

K2 70 MFINCY 3> (TA4RXvT)

FH—=F % TIIONWTKROD, @QDOZEHIZLD .l

b LRl (61 e c /s

O HPARY Y g V) VI OREEEFH L, 72 AL
TT RO TR ENALIC KD N = 2 2
va v oK (B 3)

@ vavrT7T) = NOREEBIZKDWEDEE
m b (4)

7

z .

s gt

y1A S

t \\\

> g

T

& %
F )
=

&

m

m

F O 2N > —miEER [mm]
3 FORIVAT T4

SHOCK ABSORBER

X4 avoriv—NEER

22 YPU—=UTy MPANRC D 3>

I TIZ) =T 2TV DT =23 — 74D
R &K V) — 7R TR R b k0 B EAL
RN U7z, Eio, HEMERE M & A A dH b
V3w T T = SORBENE® JE UIRED R E
A b X7,

23 ANy YITFHAXR Y 3>

F7 +7—FFRR(7T~81.4X2).FSR(8~11 t.
4X2) OVXYITHANRYY 3 VHTFACC (Zdi
[l 2 b — X : Full speed range Adaptive Cruise
Control) DFERNTEL LS, 7TLZT7TL —F LT
PARY Y g vRT — ZORGENE A R LRl E
Fehite L7z,

3 RFTFVLYT

3.1 Bf77F11—4

BT - 737 — Fid, HEEHER R 274
& HUELER AR O BAERIBHR B3R, 27T
VU TERET 2 F 2 T — 2 ERAFE L (R5).

277 VI EAEORIENIX, BAEEITOI T F 2
T—atZhAsarvirua—)L$3ECU (Electric
Control Unit) BB ETHS, L7 7F 22 —2D
BHNEL. 27T vrassaftixlosg—2577Y
VA= My ETERESLD, NP RRIFTXFX
Fhi vy FYITVLATIMINLT, 7F 21—
a L ECU#EKLA 7Y b E/NMNEON) T - 5 >
THEOAT TV VAT LA TDWEET I F 2 T — &
AL, ifloLy - 739 — Fod@EtbRe LT
R L,

5 RFFPVTAZLEATERTVF 1T -4

3.2 AFTVTEINHEE

PRI T CIAT 7Y V7 IRBI OWEDNE T >
TEIAN, ZF T VT ESOEYHI N BEAE RS v 7
Ny ohpba4ay FIZERE (K6),



HETINT T4 T— ROYANL D 32 XTFT) T - TIZIb T —FIIDNT

PEZ S IZ LD WK IR L. 277 )Y
Z YR O PRI RERE O & 2w VEm b & iz L7z,

K

257V
IRENFEE

RSvIU>H

409k

i

6 ATTULTHEUINGIE

4 TR

4.1 |I-BEAM 8R£1L
penr (18 ) L7 BAFERFIC AEBS (fZewh it
% 7L — % :Advanced Emergency Braking System)
KIBD7=8 I-BEAM OHIIYET - 7 % Fhii, ol T3k
BNV —=TVAHAD) 2 =TV AL L2, HE
NRELBEMU, FAIILT TlE, 22 2 —F LR
THEICK B EHEIRCT S 2 ETBANAVE & L, Hiffj
{2 e X a0 DR b2 Fh L7z (B 7).

B T 2 4K
BEskt

:_I +22%
BB
-11%

+o—  |6EsEn AEBSL X
FxJd  |\ov—
TLR%
(FHORIV|RG)a—
Fv/8Y |JLART |AEBS

Ta4—:  |iK) (18&T )LD
2,900kg) BAFEES)

i AEBSE &1t
Y I

Ja—JL
RIK)
T 7 2 4K
4K |G AEBSL X
End U\ — _

TL R I -
FTHRIL|RGY2— EEH
F/8Y |FLARTI |AEBS +25%
T4—: |i&) (18®T )LD <
3,100kg) BAFEES) ]

B8

wE AEBSEEE 1t —6%

RY

Ja—7L <

RIK)

7 |-BEAM WiEFIR-EE

4.2 FTR 70> b7 RV

P77 —F FTR (14.5t. 4X2) O7av 7
Y2 (T2 ZF x50 F 4 15000 ke) *! & RHT L
72 (B8)., ZMOFT 7 — F&[H44 I Thl
FEEAT > Tz FHEXHD CYJ (8 X 4) O7av |
72 5 F050 & I-MACS™? (74 v v 7 : Isuzu
Modular Architecture and Component Standard)

EHD AIUNT - F UV o NTRT) V2 & E L

UBHIE TE HlER i e M U7z, F72, #hak§

2=y M7 LG RIRFICIT O RBEmTE T v 7%

X - 7z,

X179V T2 (T2 ALF x50 F 4 15000
kg) :LAT.[F050 ] &Frd

% 2 I-MACS : W s DaVvR— 3 bEROREL
&HAH AT T

s

8 FO050 7AY "F7HYRIL

4.3 NTANF7Y D=y ME

PERTTILT « 7 37— FTE, NTIXTY V7 DHLFR
BEIC00 % i B R AR ORI 5 %
TS, IV T - 7 7 — R, SRS % % L
BEBDOET V44 MKk E HRAEL T v 7" % H0
INTRTY) V7 DAy MLAFE L=,

PERTDNT X7 ) v 27 D Ky 2 fIJ O HLF 7 — 78—
0—7—=xX7)I06 —~K{tLz1D2021=y FX
TVUIANER (B9), 2=y IRTY V7K, X7
YTEFANY =L D—KIZKD, ) — A EEE
L7z IEn e m ., $ERT_7TY) Vv CRE T 5 725y
fid, Y. 2 — ZGES AMEESABE L LD | il
RO 4 B HIW L 7=,

S AL —IL

|
R

9 A=y "\TYLYT

F72, 2=y MRTYUZOFEELT, e —F
FEBEDOTNZ MEDFE X DBITF NS, HERTNT Y v
TOEEE. A PV 2 &, aallEfq
WP T L — FEWMLZz, — T, 2=y X7
VU ZEAE Y PV ABEML TS, A V-1 —2
DOZEZNTH (R0 FAE) (cKhauOEfBT
L — M3zl BSsEmes, 7y Mk ick
DRAETHEINF LT, FaOK T 2IHITE 5,



WIS K 1355

dzy bRTFYLS

7] 55
10 1=y MF7Y245 FLAa-—FK

FANY = IZEY » THE) v TSy v —
o V= AMNTT v RTLEFEH L. EOmREARYE.
Mt EH T3, 7)) — 237 2=y b HIZBASE X
NEERFICE B LIS WIS ) — 20) Fo 4
VIV 2 A ERH L,

5 JL—%

5.1 BE/N—F>JTL—F

511 —7JIREBN—-F>TTL—F
T L7 T, BEpS—F 0TV —FTF 2
I—2DEHNEEF Y THALS6TL — 4 FIZEH
L. S=F U770 — S HAEROE &b &2 FBL L7
B 11), F2, 7oF 2 —20/MNUHLIZKD, 75—
FUTr — TN EEDR 2.5 kg DRERALEIT S 72,

pZe ] P

R SPSAERTIFIT-H

T—IIWREBEN-FTTL—FLATIb

X 11

5.1.2 I7XREEBN—F>TJTTL—F

FEHTL —F O S L OHIEI AR IZ k5 BE
HILOWH ZH, 7L 7 7L — FHTENYIO
BES—F 7TV —F 2 WHERE L7,

F—F T EAER O F TANDHE =L, HET
BTV —F 2B &¥%, BIZEDSS (FIA/v8
WO IR ¥ 2 7 4 Emergency Driving Stop
System) &3#H#42ZETREMBEDNR EEXK - 7=,
F7o. 7O RGN OEGARIZEE§ 5 BB RER %
BEZEMU F 7 ANNOEGEA X > 72, Y AT LD
B & eV EONFIZDONT (1) (2) 12T
35,

(1) ¥ AT LB E

o TR LA-BE)S—F 7T —F 24
FOMEMEIZED, 7L — 212 L2 ECU WEH D
BES—F TV —FEY 2 - AANGEEHELN
T, BTV — S OfFH)- kR A 175 (B12),

L e
‘) B 27V T—FFr -

B/~ F2 I I —-FET1 N
&3

12 I7RBE/N—-X2TTL—FLAT7Jb

(2) @y, S—F v 7 OB E R b

ETHIZT v b TL =R ORRRMICEREBET,
R ANHEEHE 7L — F & AR X0l L O 1k &
B BH/S—F VTV —FEY - ADEHH —
Y27V — & &4 5% ECU NMEBER (XBR) %
%, Hlga o 7 EiZid ABS (Antilock Braking
System) Z{EBILCO w2 &F5 %, Hljo et
LEX% (E13).

HCU1 XBR
EPB (SWiRiE) (fFEh=Esk)
sw > CECU
EPB XBR
Modulator (fFEhER)
o JL—+
- EBCS a>»h0—3—
¢ (XBR status) ¢
I—F0 T —F1FEh H—P2TL—F1FE

13 BRIN—X2 T DB AT L

5.2 FuL—F%arrO-Jb

GVW (Hiffj#2=E & : Gross Vehicle Weight) 5t L
TOHEBTIXLI0 A VF LV TIINF 2 — LT — AR %
WORERH, /RO Z Vv F LT — 24 LRSEOTL —F D
EEMER LU RRpICERE L FEB Lz, 2. 44 a
FRINF 2 — L7 — 22 B8R L. WIPE&Om &7
L—F PRGN EDOEENFEIZL ST, TV
O— L LRI L —F7 4 =L EEBILE (R114).



HETINT T4 T— ROYANL D 32 XTFT) T - TIZIb T —FIIDNT

B W04 vFovdnnsa—LT—R4

14 FBAOAXFSLIINISF 21— LT — RS

5.3 FBEOVILFTOTIY aNIVTERICES
221t
I7 RV RERELDD, 2HOTILIT T —
FHTL, TS OVILFTOT oY 3 VLT B ISR
L7, ZHUZKDS—=F V7T — F ORI EMIZZ
DFEFITHA —IS— 2 &Y 7 OFEIEATIRE & 25 1) %
HbaFEBLE (K15),

TANK BRKT

W/P TANK

-6.4kg
NEW MPV
MPV
e

CONV. ' NEW

15 TIVIT7TL—XEEHR

6 ZM1Y

6.1 TPMS (Z1YZREERIXTL)
6.1.1 HELH
PRITI)LT -7 7 — F T3 A V2K
& (LUF.[TPMS] &HE4) AEA,

PUEG &0 BN Tik TPMS D% 23 HEIZx LT
R TEBL XN TR, EFHFPH ARG HIZ R 35
KEhiz, 5%, ENIZE TPMS O¥EFEZREHV LK
ShAZedMEL., FNmGHMILT - 7 49— F
128 TPMS #8# L7,

gl 27

6.1.2 7]' ra4g—3 3 R

FHIZTTREL TS TPMS X, BHE LTS LY
47‘1&%%1!47 CFEITEETIMEENRLETH - 72,
A4 —T = 3 VIR EICENTFETERT S0
LRI T (OE ARV K A QO (I e (==
(B KZLELAY) ICHEIBETH 577,

ZD7=, HETHA YALEE T 54— bar—
v a VIEBEDENNZ & 24 Y A4 Z & Bk ]
HE L0 | AESE TR O HIE K O ik & X - 7=,

6.1.3 VAT L

TPMS DY 257471 7 %R 16 a:ﬁ'q‘o

A4 XY HNITH A AZ £ Y3 2, RF (Radio
Frequency) &, 24 VINEHR (7"z JE -
J%) %# RPT (Repeater) -RCU (Receiver Control
Unit) 1Z1aZ. RCU %2° 5 CAN (Controller Area
Network) & TA — X IZ4 A VIEWME TR TS,

RPT &, &4 —AN—=20EL, 7Y b EvH
-RCU DO AME TEAOGA kS & L TR,

%72, RF-LF (Low Frequency) THWE(E %]
L. A —tar—v 3 v &2FEEd5,

RF S /LF @{E 23 lRE s iilj L 4 77 b 2§52
ET, A —tar—3 g VREREE B L=,

o> ey pey
(D

16 TPMS Y XFL470v 7

6.2 E&IIERZIY FEERBEENT)

PTG R RN = BN VT IVl SN 3 T MO E 157 1
AN 4 HA X -6 FaiEHBUSFREL. 22DV FO
ZHIZED IR0 PP KT 2 HUKIR S 7z,

7 &HUIC

W TILT - 79— FORBECIEE T &
B, ZUHRNTE A & & FFfll 2 k& LoD,
KiIgizpginttom Eace-tAAT5, Z07ay o
2 b OFAFEHEE IR LT AE D) Tldkahr - 72
N, ThESEXR L2 & TR % - fR O Hli ik &
D, GH T S OHE LML - K RICHBNTE 5 L i
LT3,



WIS HI 1355

RIS, ZORRIZT I 272072 B R &AL,
DD THILE LdIF 5,

n

BE Zx @ = B@

Pl a A
hNEE A& ME BA i B

e &

F'ﬁ # =) IS

AV 3



HE [FEBEILT - 717 —F]

FRTIVT - 747 — KDY 4 SITDWT

Chassis of New ELF and FORWARD
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Abstract

In the New ELF, ELF EV and FORWARD, chassis
development was carried out in line with the project
concept of “See-Universal” while utilizing previous
technologies. In addition, the integration of variations of
each device in accordance with I-MACS (Isuzu Modular
Architecture and Component Standard) enabled the
suppression of initial and future development resources.

This article presents the development outline of
chassis parts.
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Electronics, Electrical Equipment and Air Conditioning of New ELF and FORWARD
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g2 F Abstract
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New ELF and FORWARD are equipped with many
new electronic control units. This article explains new
electronic control systems and improvement contents of
electrical equipment and air conditioning.
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About the Cargo Bed of the New ELF
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Hidemasa Mochizuki

Abstract

As long as it is a commercial vehicle, the chassis of the
truck has a mounting. Therefore, a truck without a
mounting is a semi-finished product, and its value as a
truck arises only after the mounting is done. This paper
introduces the outline of changes to the flat body, which
is the most common and produced among the accessories
of the New ELF.
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Abstract

Visibility performance in vehicle development is one
of the most important performances for safe driving of
vehicle. For vehicle under various environmental
conditions, a phenomenon called glare sometimes
obstructs the driver’s visibility. Glare affecting drivers
ranges from an impairment in eyesight caused by high
brightness, such as sunlight, to a psychological
discomfort caused by invisibility due to reflection of the
light source on the window. We will introduce a method
for quantitatively evaluating glare at the initial stage of
development using optical analysis. In addition, we will
introduce practical examples to expand the use of
optical analysis.

1 (2UBIC

WA R OB ICE O IZIE, 71 AT
A =744 (LI [DA] EBES) .~ FT7 v TT 4
2714 (LIF, [HUD] &B%9), RUE=Z Lo 7=
HEHRDOMBY & 7 2 iR s B as B LT %, R H
IZHEWTE L — Y —BHIZ B A 5720 R BRI
B A TS, DA, HUD A EDFEE OB fE,
RSB ISIT X F I BB R OB < h 5,
ZNEDNEEEBE KON RKEHZ LD F 543D
REWFHZENH 5, HERTTIIEE LTVED» > 72K
LMD ARIZE 5 TR IANNOMELE A 115 R4 %
ELTNB0THS,

ZNEOFREDBME ., FIHERHIZEE T4
INHBAND KO B A FIWr§ 572012, fEH A HW
Tl &2 920 LT 508, X XA i K Ot
k& FETHMMIT 2 Z L3k T & B,
0. FzaHBiOHY - WhRET2BhEH5, Lz
NoTZDEIBERmME, YIab—Ta yERN,
XF X BB T CERNICERE. RO
AT ZENHIE IS,

2 REBAEMOBERICONT

WS TR v TNEEIBRIC O L. 2 RS AR GTR
MET VT OB FE A AR ER TR Lz,

FIZENTKRERAETEHL, $FIEHTF 21—
Vg VO (EREROEEENEAE) 2ETL.
FIANDBEIZAZEEG, KON 250 4t
FATH LT, FEXRXL, ERULL WS EDEREN 75 31
it 217 > T e XRYFREETAR v b 74 b 230H
U &R Z & & 32 L Th, B E
HODMEETE, Fv TNTFIANDOHIZASZET
DONOFHl % e 175 ZEZWEETD > 7=, 7=,
EHEFH LM TR IADOZ L 7 I 5
G, EETLIIEEH LY 72,

B oL 7 TR YIRS T, ey 7 b
SPEOS & HWCF ¥ 7K O RS i & 55
M (BUF, ELELEERLL, RAD60WAEI
KBGRMHE TR A LW FDZ L 245d) 25
HL, FIANOHUREN T X557 LT BERAPOD
WMERR A AT > 720 2D L CHERTH & B M DS % |
D X % FSYHLE TH SR E THIR L, KR
AELGE VT ENTE,

*CAE 7 ¥ & L FEHEHE SR



WIS K 1355

2.1 F v TRENZHER

F v TN &1k, R4 oS (BUT,
[TARA V] EFT) #HEUEC, v THEEIZET
ANDIF LBV T B aiER L, Til+53
DTH5,

B TL 7 Tl v TSR, ST &5 720k
BrENBAR Lizr — 2 ¢, 7aV b5 A, RO 4
VEDICM AR A T A RESAEE L. 2
DBEO R Z K OREEEO P E L (K1),

R T & LT3R B O 4 3B LR E O
HSICHT A EE KR M AL I 2L — b5 FETH
5, LA ML=y Vs ko i & L7,

1 HBTIIICEFERIANREDF v TRE
RRZABITER

2.2 X v TREDETIVE

F v TNBEDETIMLIZH =5 T, TEFILDONYRY
v L RATERIZ CAD (Computer Aided Design)
T ARRIZKELMATT D720, AT — 2Kl
EDF — ARV ETH 572, EFMLEITS |
T, BTN FANTAEA Y P 5 A A BB
L. ZOf3HIFRT5, £ 2 MLy bt (BUF,
(453 ] L) PRROT I o b RO £ 81
FTRTHIT S, Lol B2 HIBR$ 5 &
BRI E CB728. S50 BNEIZADRATL
95, INES7=0ISE MBI ORI L. FACE
BERTHRE L THORAZRREE L, 20X ARiAL
BEA1T S ZETHEDEE ., KUETIMNY R V7 &
Bzl ks zencxs (K2),

NEEER S DY PEAIZ A& 8B & D RS 2, Rk %
15U, #7 2MEME AR ETHZETETLAL
T o7z,

2 TIBEB{BEORNTE (FZAN\HIPE5RZASB
REEBIZFZ L. K7 ASBEIRHIBRLTVS)

2.3 REOEFIVE

SF XE B N CEMI A 47 5 729, BRI A X
WE L7z KB, SMT. 2y e =R EDHA DK
B, A= 2K OFEr—v 3y (BUF. Y] E889),
TVELY b4 (ENNREE Y ICH S B S I
HOZE) REDQHPNNIEABHETS. KEEIZEL
TUEH WA N EIZREETDHIENARETH Y . I
THREE O FEE T 2T 2RO HIZS - By
DOKBEOFH Otom, Mg RO @k AE) Hin]
BEThD, ThODNRFAEFHTLZ LT, FE T
Lo 726l —BE TO AR gE & 7 > 7=,

F72. ST RO EY ORI ON2E R IZ ANSYS
DS 4 75 Lich B R ELDEHH L,
FE KOS — 2IZB L TCIM{% T — & % CAD ¥ — &
FIZED RS, Eig T — 2 AR X85 2 L T
G IR LCETFIME AT 572 (B3),

3 FEEX—2DETIVE

2.4 REOETIVE

P TIL 7 DRI TIE — AR 72 28 25 pEFTIF D
Vv EEL, BREAREE L, s 5
Pl B AR GEDLFTY 2 2 MZBI LTI HA
N & RIS R 2 5 LTET ML %
1572, 2, EHIZRASERELEERUZE, B
ATV 20 M2k EES K512 FEKIRIC HDRI
(High Dynamic Range Images) {550 f1F. %



A TV ADFFEARFMOBAICOWT

DEGFHAEE R EELZLICEDEREHI LT
% (X4),

[ |

s 5 L1
=" CADF—%

4 REETIV

25 REZXHORE

FHABRICIHBWT, 505 FHN»6 ARS L2k
IR L CNEEER M DO RS & JIE T 5 Z &1k, kAT
K3 hm 0 shB R el W EETH B, -7 L7 B
i 8k OIS CORHli D3R U AU D203 5 2%
Wb, 2ZTHENE [WOREER] &) FEE0
32 Z & TRBRIFORM &7 - 72, WOtHHER &
3. FIANNOHZRFELUTH S BG L7208
WEBEIT G UL B 285 K12 N — AWRICHGE &
NZHEE 3 CREZH L. BEMEZ G2 &0
) FETH D, HE LW TRERE DN A2 LIz
B DL — ) =KBEBNEEE RIS RH LT, £
S RABKBGONEEASLZENTES (B5),

ZHUZKD , KEEICR L, EZOREIDEE S %
EXITIRBESLLIR U 2 AT % B D0 % WIS
THZENHREE B,

FERR O Em

A

FoAINOPAL R4
5 KEBXDBREZXGDELEAA—D
2.6 v JA%EI—X A
SPEOS ETHMIILT DF v TNEETIL &R

U, A8 Ed i R RS54 Tl
L7zo ZDORMETFTEIANHR A5 NERTR % [ 7z

BROERIZ & 2 BT REMI AN & F2hE L7z, AT, fEni
HLOWEEAE 2 R U A 1T > 72, ZORER, B X
D ¢ RGN TR e B i 1T A 1 e AN 4 1
OK LYy L7z, BEL QAT LA R AT EHICH
LT3 RS OREEE & [R5 Th . FIA4/35DH
RAaiF5 RaH3maE L OK Ll L7 (K6),

=

7 BETLTBASBIHEE (RE)

DV I 2L = 3 VTREEIE ATV
b (FEROX =&, HEiITHHCRGE L= ook«
&) B4 Y EZIZBD AT T — 2 b EHlfi & SEhE L7,




WIS K 1355

A =2 PEDWHIEREFZAMUDT 4 F o IZBD A
A2 ST EOHREHIRT LA Vo3 BT s b
T4V EOANRD AR EDT - 2 b &R Lz, Th
SI200WTCE., FIANDHREITHEDOTIIENE
ZZ ., FEEERIZ KA M OK & <hz (R7).

2.7 FEEMRTETME

PERTOPIRRMERTAM Tid, FEH AR L, FEBREE TRt
i & 47 > T\ =, FEREE ORI T, OB
DOFHli A EHE Ly, @OAREWIC K B [A—BREE O Rl 43
AH[, LW 2D 5 72, SPEOS AW Z L
T, 2.5 BTl R &K DR % F 4
BZEMNTE, [6—BE P CRMA ek > 7z, &
2. FIANOHGEVEIZ B D B 5 F O MRS fifi % 5L
22N TELLICAD, ERNEEIRL XD
flig mhEEx 572 (X8).

L2l XL XIZ&B P - AHoHIWr 6T O f
JE, KX, E, MRBEOM X GEDXEE A
RIAHEL TB720, YR BN EOREEMD
LEW (W) flized) & ERERHm RSB & DRSO
KETd 5, WA S 7L 71253 5 STl HevE 4 5
ETDHZENEGHORMTH S,

2
4579cd/m2

L A

— -

8 SPEOS##ifER (L) LEEEDIZ—R
FrfaR (F)

2.8 FBEITIVT HAZLEHORESEHE

BRI TIL 7 DFEHEH bR & 5 2 2 LR K ST
WEAAT - 720 A LHAREEEREL AR & IR LT, ©
T Ty 7 ROV IS —F M e EDERGHR 3 %

{FEDHNTNE720, KEEFORFHZLE7 LT OH
L& SNz, IERTCThHIUET Y 7T v T E72I3E
% FHE Ukl 4 920 L Q=25 Salidk SPEOS @
RIS R DA T OK/NG DI %17 5 72,

AR LT, F vy TNETREIL. FI43D
HIZABHOREE A LB Lz 2 A, i fiEi
iR TR S 72 5 728 D0, I KRB 2
HEEH 24 LHRRD D G 572 (T’ 1)

K1 BEAREDAZLEROA X EBOEEE

DRI

B HhRE LE
E | 36386 cd/m | 70,048 cd/m’
G | 1989 ca/m | 2,010 od/m

AR LD 55N E & B BEREl s B D
OPHIcifE A2 L CB D, 5hliE VR (Virtual
Reality) BICTHAS RO IR AT 7 A4 AR
DEEE RO AT A 1T - 720 ZORER, FEEEMIZ
2 {HIEETH BN, MEEBOMEREA/NX L, ZLTAD
BTN SN2, FERICK 25X OK & i &
- (®9).

9 FEMK (L) EHRFLMER (F) DA%
EOBETHER
MAFHERRDA 2 NRERISIE AR HY)



A TV ADFFEARFMOBAICOWT

2.9 SPEOS #E#ER O EIRAE

SPEOS DR # X 572002, i Tfs 6z
RROZ V2 MRGET 5 B EA D 2H . Hli €T R
TORGEIFEE NS Z <, FE IS —BxE5ZL
MEEL, 2070, IR E R (723 UEED ©
AOHMZER (LUF, [HHR] L084) 1STEFIIH
AEAFEhE L7z (B10).

o mEE

¢ BB

JEEM

EEERT k
10 B#R () EEHETIVER (H)

FRMTRE R & FLNE & Ll L= 2 A, HREME (iR
DEEZEHSTHOW B X2 RTHHENZ L) 13k
B —3 L7208, MK Zahn (F) B R
LW (R2), B AR J< —S LB L
L. XIHEO LED #0OEF AL TS BEREL T
WwnZee, HIEROBENECTLE > TnEZE
NEZo6N5, Bl R TOAEARIANT T, HHR
TOBERAANELDORETH S,

x2 BEOEBHELBEREOLE

WUERT A 1x]
JEHE - 2758cd | JEHE : 6860cd
FETHT 482 1064
b 426 1059

2.10 XZ4HEOETHA

KO K DB NEN 21T 5 720121%, T &R0
HAEREE A T ET A KM S B2 BEDH 5, JF
FEPEEHIIBE R % B > T, HIRDI L D F TR
BEONKFREE (A, &, Bl 2 52H e L3y
YILTVL = b6 EtHl L. 5o N KM A
SPEOS EFIMICHEMATAZ & T, 5238 L [FZE DO
MABEIZ D . —EEHl L= ARHE, Gl (Zx b
UER) #ZH$TEZET, @EOOMBOHIE & A
BTHS (E11),

11 ERFERES (B). \>7 1 BIESR (F)

211 FIANDOEARBEHOEE

SPEOS TIZMEEM DR 2217 Th, Sk
B DBN T3 ENTES, IZEIA NS R A
2 HiPHDO AL AT 5.,

FIANDTARA Vb ERFEELT, BH2SHRZ5
HiH=H»o M7= e m< @ E e 4. H S 720k
O E~ v ¥V $5ZL T, FIANDOEREIED
ERLET->72 (K12),

AR FH ) 7, RBELIHA T 7 TH 5,
BRI 7 OWE»E . FI4SOGEERIZDONWT
At LD B A bR A 1T 5 2N TE B LI
Ko7,

12 RZANORMGRFFEZOHERHER

F7o, RIS 7 — IS KB AT DTS I
fbaL7 (K13) . HH L7235 —fHRT) 7Isx LT,
SN NI TAT 5 T AR B O ZRM A A > b
% SPEOS #53R LICER SE2Z LT, EHFHHOR
Banlgg s 57,

X 13

IT7—ENUERIANOBBERR T 7B
BR (FEWICEREDEMN ZEHFERIIT)



WIS HI 1355

3 HHUIC z &

AR TIEIE T — L SPEOS % F 7z #ij B
FEAND T F & AT Uz, £330 X058 B 25 5FAl
AUREIZL720D. RIANNOHRMEIR O nf i b 2 &
L CHEHEGRER TINE U X725l &2 3R L5 2 &
WAL o7z SETEM L TERHBILIICE,
LiDAR (Light Detection And Ranging). 51 A J\ AR REIE
OEAKUNY 7V T s E DX F S fiihh %

15 ZENTEL720, KB ORFEEHILRND
P CnEN,

BT a

SEIW

(1) Eric Veach:ROBUST MONTE CARLO
METHODS FOR LIGHT TRANSPORT
SIMULATION, Stanford University, (1997)

OWg sEPRDO—_%

MRILT (TLE) E&HFE (1965F13)



HE [FEBEILT - 717 —F]

HETILT - 747 — FOEMMEEEEER(ICDOWLT

Vehicle Performance Experiments of New ELF and FORWARD

= R R NN
Kouichirou Mitsui Hiroshi Usuba
e 5t ik i
Ryou Satou Hideo Nemoto
K4 IERR* A
Masahiro Oonishi Kazuki Yoshida
I W
Shuuhei Tagawa Kou Watanabe
RS > M e
Shunsuke Souma Emiko Murai
Takumi Arai Ryousuke Gotou
A RPN L N
Kazutaka Matsumoto Kenta Muranaga
5 i NS
Kenji Sugawara Takahiro Koide

K R

Toshiaki Shimizu Tougorou Kojima
FH il {747
Takanori Hirata Masaru Itou

Shirushi Minami

E F

TINVETNANF 2 VY LIZHTIILT - 759 — NI,
S BT E A LIS RS X T 1 v
V7 4 —% [See-Universal] "L &7, /-0
YN THB [YVrv AL - HAVVT | [Fa—iL -
T4y bINA - R2EE)T 4 | AFEBT 720105
WH R FE LRGBAR & 17 - 72,

AFE i, 2OREN 2 HljPERE, 5, KOS
PEERBR D FFENE & HEEDEFIRIUI DTS
EEE

IINIES SRR

Sl % o Pk BAZ*
Mitsuo Konno Hiroyuki Abe

vy fEARR* RIS
Kentarou Shibuya Fumitaka Fujikawa
oy B
Toyoshi Takashima Tomohiro Takasugi
eg NI ;-3 BY IEE*
Naoto Sasaki Masahiro Seki
BPR Al MR R
Shinji Nomura Takuya Odake
FHNOKER*** MiEAa S I L Sl
Tarou Unai Hiroshi Ikeda
FEE AT il R
Shouto Murakami Masami Takayama
SHE EE* PR v
Yuuri Shimanuki Kouichi Sekine
Tk sEin® T
Tatsuji Kitamura Kazuho Hamada
e 1 H] I 5 T
Yuuji Asakura Yuusuke Yamaguchi

Abstract

In order to correspond to rapid technological
innovation and logistics changes, we have evolved our
development philosophy into “See-Universal”, and
developed the all-New ELF and FORWARD by setting
high targets to achieve its concepts, “Just Sizing”,
“Global Fit”, and “High Hospitality”.

In this paragraph, we will introduce the contents of
representative vehicle performance / strength &
reliability tests and the achievement status.
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Abstract

The needs of trucks required to solve logistics
problems are diversifying. High rigidity and weight
reduction of the body are one of the important issues in
the development of new vehicles.

On the other hand, production lines with the
modularization of products have been integrated and
discontinued, and efforts have been made to strengthen
cost competitiveness. For the New ELF and FORWARD,
we solved the problem of high rigidity and weight
reduction of the body and proposed production methods
and product structure that lead to cost reduction
(strengthening production competitiveness). In this
section, we introduce manufacturing engineering efforts.
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New ELF has launched as full-model changed for the
first time in 17 years with new concept

such as “Enhanced Safety and Information &
Communication System”, “Improved Usability” and
“Integrated development of Components”.

To develop this model we've engaged in that work
with two specific theme. Firstly, we had to think over
the specification of equipment to deal with advanced
technology. Especially we needed to install those
equipment to limited area in production line with
considering productivity. Secondary, we focused to solve
long-standing problem about merchantability and
productivity lying in current model. Here we’d like to
report how we has achieved those purpose through
collaborative work with the development division.
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Establishment of Hollow Forging Method Using New ISIM Upsetter
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Kazuya Miyagawa

Abstract

Isuzu has developed a new nine-speed Automated
Manual Transmission ‘ISIM (Isuzu Smooth Intelligent
TransMission)” multistage transmission. We have
actively promoted the in-house production of
transmission components and achieved a -57%
reduction in the external production cost by forging
hollow gear counter floats. The hollow forging was
carried out by a new method using an upsetter, and it
was possible to mass-produce it. This paper introduces
the process design and method development of the
upsetter method.
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Inspection Method of New ISIM

® F
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Bl R

Ryohei Akiyama

Abstract

The ISIM used in the New ELF has increased the
number of speed gears from 6 to 9, and a dual clutch
has been adopted. Due to the adoption of the new
mechanism, a new method for quality assurance is also
required. This paper reports on the introduction and
efforts of new methods for inspection methods during
assembly.
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Overview of the Electric System of New ELF EV

£ F

17 FERDIZTLETILF 2 VY LEHR LT, #

7227 EV (BEXH#H : Electric Vehicle) &5
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WRFE#BAMG L=k 2 XA £V 7 K BliTH 5, ZD

REM LR E TERMTH S/ Y 7Y =P ITE —
FIZBT M A AR TR,

W A (=711 I
Yuuta Ikeda Hitoshi Miyagawa
Abstract

The New ELF has undergone a full model change for
the first time in 17 years. It is an epoch-making vehicle
that has added the ELF EV to its lineup and started
selling it as a mass-produced vehicle for the first time
in Isuzu’s history. This article provides an overview of
its typical features and main components such as
batteries and motors.
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Advanced Safety Technology for the New ELF and FORWARD
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2 g Abstract
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The advanced safety technology of the New ELF and
FORWARD aimed at market needs and further
reduction of traffic accidents.

Regarding preventive safety, collision damage
reduction and driving support functions, each of them is
improved in performance compared with the previous
model, and more functions are installed.

The outline and development of these functions are
introduced.
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Outline of New GIGA Development
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Abstract

New GIGA aimed to deal with social changes of
transportation industry and solve problems faced by
customers.

To aim development ideal heavy-duty truck to deal
with changing society, we set three concepts; Reduction
life cycle cost, Driver fast and Improvement of
transportation efficiency.
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Abstract

New GIGA was developed that focused to
performance of “Life cycle cost” “Driver first”
“Transportation efficiency” required as a heavy-duty
truck.

This chapter describes the outline of New GIGA in
pursuit of function / performance required for heavy-
duty trucks of next generation.
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Abstract

The New GIGA was developed for drivers with the
theme of simplifying driving, improving comfort, and
enhancing safety devices. As a drivetrain, we have
developed a clutch system aiming at simplification of
driving and further improvement of comfortable driving.
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6UZ1 Engine Development for New GIGA
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Isuzu Motors Ltd. launched the GIGA equipped with
the New 6UZ1-TC engine in February 2023. In recent
years, as awareness of reducing CO; emissions, which is
the cause of global warming, has been increasing, this
diesel engine has achieved the fuel efficiency standards
2025 for heavy vehicles by significantly improving fuel
efficiency compared to conventional engine.
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Advanced Safety Technology for the New GIGA
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Abstract

The Isuzu 22MY GIGA is equipped with new
functions with market needs and technological trends
while following the sensor device of the 20MY GIGA.

Overview of new advanced driver assistance system
is explained.
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Development of New Multifunction Seat
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Abstract

ISUZU’s first original new multifunction seat was
developed with the main focus on “improvement of the
driving environment.”

This chapter describes the outlined of new ISUZU
multifunction seat in pursuit of function / performance
required for seats of heavy-duty trucks.
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Introduction of Full Model Changes of “MIMAMORI" Telematic Services for Commercial Vehicles
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£ K Abstract
2004 I [AFEDAAVYIA VY —ER] LT Launched in 2004 as the Mimamori-kun Online
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Service, the first full-fledged telematics service for
commercial vehicles in Japan, the service has continued
to evolve to meet market demands and improve
functions. In October 2022, we completely revamped
MIMAMORI to enable a wider range of services. The
whole story is introduced.

1 12UBIC

HATE N7 v 7 #ks, ENPESE K OERARS %
E. T4 T4V X ALMBEARAREGFETHD, T
2T UIANE T EBETTR72012, F T v
AN EE R REH 2 H-> T, FTCERAEDHK
Rz iéﬁrm# EZIEE —E AL~ L
TED ., ZOMEIXE OG5 T0h5,

ZO—J5. 2024 EfEfro [ = EOERE ] O
RIB. FIANRNERE, CO,p HlE. Dbk,
RAMEMOEE AL, HRHIEE & EA T
Bk LNERBE O T, W s BRI A0, K
HohbY—E 2D 50 EL _Elfi?%jj LT3,

29 LB EMOER U T, W 3k
R %)ﬁmfﬁfiﬁﬁ%wwczﬁdﬁﬁl W77y b
73 —4 [GATEX] ##§5E L=,

[GATEX | i3faf & - R HEE - Ui, tt2 4
VI RhE, SESEFLRERA Y VT =2 DENBHT
EAMELTED., IRAWY — 2D RENVEZ T
W3,

Sl U7z [MIMAMORI] TiZZo75 v b+
7 r—LEEHLDD, BAEEH O R3S LR
FomEAEFHR L,

2 HEREEHRER [GATEX]

2.1 BE
BEEHE~OMEERAL
I\ ' ";
| |
BTEEY—ER BiYR— F—Ex
ﬁﬁﬁﬁﬁm

YRS

=t @—ﬁ%
= ] S«

3581 F5
GATEX E2)
Ll et

FUNTSU Hybeid IT
Service Ficdoud

IsSuzu FUfITSU 7 transiren
®1 [GATEX] OBLER

[GATEX] . Wi s, BASt b2 bavbk
(LUFVITTL &889), wmkA S tbkk CUF, [&
@] &W§9) O 34kAN. 2021 4F 2 A kD RESEEE
WCERGHESE BRI THD . Wi s L TTI B
e S 1EMAEBE2D T 58 50 TEORIHEFNFIC
Y- 2 &S, BHECY T 4 SISO TR
KBUED TR TH 5,

[GATEX/ 1. vv o [MIMAMORL].[PREISM]
OFMITINA L 73 - RS - BFEFEH OSSR

e

I3 T oy KL AT AR Y AT LA

— 156 —



FEHETL~YT « 7Z [MIMAMORI] £ERIFDEN

VAT LERUDE LT — 2 LHIE L, MIRER S
A5 X FXEHREOMINHF G5 AL RS
b, ¥z, FEREAIEREE &7 — 2HEIZ X 5 8
LY 2= 3 YORIM., KOEHRGHED S & %
K272 EMS (Energy Management System) DR§EE,
ZREEM T — AR—Z L LTOWHIZED .. BEMAN
Rt afiiftiom AL, #—FRr=2—FIWLAEED
FHUH# 52 (E1),

2.2 [GATEX] DY ZAT LK

[GATEX] &, & L@ 2t 3% FUJITSU
Hybrid IT Service FJcloud(WL F.[&E @277 F |
EFRT) LT L (R12), INERIETE R & R )
PR = PO 2 KT, HHIRIET TV r -2 a v T —
s AR T — 2 Z(2D 3R TRR TS, Sk,
LAY AT, [A—Hig b oE g e
#—t 2 [MIMAMORI] &M@+ HK— by —E 2
[PREISM] @ 2 fiD¥ — ¥ 2 & $ I aTRE L L 7=,

HREFHORR Y 27 0%, SHE DML, AV
A — 2y b ETOREHER & API (Application
Programming Interface) $flioD G HIZ& D FEHv]
BETH 5,

TV —3 3 VB TR, PERBORER T — &
N—=Z2 L GHDORERT — 4= 2D HIZLS
LT — AR L., T — 2 RZEDZDDA y X —
VF 2 — A v rEHiE,. 28D 0SS (Open Source
Software) ZFEV T, EEEEDD IMEZHELR L
T5%,0SS I & MO FLUE ZHERL L 72 R EA A
B () 55k FiITtF: 20T 4 AHHLR X
NTOBIRETHHANTE S,

P DY 27 AREEIZED JGATEX ] i, Wi s D
[MIMAMORIJ. [PREISM]J. TTI @ [ITP-
WebService] DA, #—EHA2FTH L2,
S, EHTECY T 4 RIS TR ABEOTE #]
HAE L LT, Ea B OY — L5, FHIBEE 2 170,
BEMROAMmE % &AL LT,

g FUJITSU Hybrid IT Service Fjcloud-0 ) [ feay—EziEms )
o WY K—N(ISUZUGAEE) it A
| ’ . '“mi? E %
= 12 PREISM = ‘EVAIRIT
?jj MIMAMORTETEEY —E X @ g || WAz ; e :
z P e ) 'é&_ F—otys=
Al ITP-WebService V3 UI/UX | TR YR — NRES e {Q,‘g"l = !
2 RIS /&Y 2 PI- [ BUSAHADE
m | st | o] |52 | ] | 20 il SIBSHR (ML)
I | )
- [ ! ! ] (1suzu |
o \ _
| e —— e —— i
4 E(TERDB — HMIABDB W(TEIEDB — SHMIABWOB 7 sERRAEN
- 5 —GRRHT /R B W 7 -Gtk Bl | - -
| | | | S
=t TR S B/ TR NER
=
é FvwaDB e Ii \\ EHES>ATA
Bl F-sm@Esrorr 5 =538/ TP A NEMS RIITT ] fv'-nT HPAIS AT LE
LS ‘ ] I i \. J
_ Fenics® | l auil )
| bSvAbOvERE | | ISUZUN |

2 [GATEX] O XFLIERK

3 [MIMAMORI] 4 #itkee F—EX

3.1 BAEFE (FEF—>32)

FHEBESEHOFer—v 3 v (UF, [RHE ¢
YY) BRE AL, BT RIUHO IR A2 ZE L
THNBEETFAFEr — 3 v §5, HORE %k,
BISAENZE P T7ANTE R0 U THEIRICER TZ S,

HATHRNEOT — 2 & Hik O # - v N H B
T A2 LT, HIHIAZ L — 2R L. ELT
FRBERIREIE NS CO, PR B OHRRIZHR T 5, F72,
FIELS HRH A X » & — DRET 5725 TR E
FEANHBKMTE, FIANOHMEIELES HIY
METHBEIZRNTEZENTES (K 3),

— 157 —



WIS HI 1355

1
1
i

LR

oo Eeh

o i’ E
_ EDTEIS

3 [ERAESE|ERIA-

3.2 BEK~ZLa (K470 —4)

WARK6BEDHXT EEERE T, HITEME T
Web ETENZFNHER S X T OMYE A HEZRTTRE, Web
SRR B A 2T ) 28T (K 4).
7z, BRIEPROMER L JENEAICE IR TE S,

e x

3.3 EHGHBDAXATAX

HILHIMOLA T b AR 10 i DiIchza~
A ZHATRE, BEBEOMA = — X2 EHREE (K 5)
EIERTE 5,

BIICRRLIE-WVWT—2DLA7
I hEARETARXTED,

5 [E&B|| L1477l

3.4 FHEEEREDHEME

FHEBREOE M - 52 AEt (K6). #iT
7 — & Z HBRC KM 50T, 7S P & sh %
b LI &k B & B,

o ' MRREEER (1597) | e
B £E
EHi: 1
i I3
HEEE= i

:R“ =
HBROFHET—23ELFSA41TE
BB CEAEETE S,

6 [HREFEEER] 6

3.5 ZEBBEDIT

[fra—2y bFoaa| REBMSEY -],
[FIPHSRE - 7L —LF = 7 — i | [ H®E
il ABRE & FEUECHEEL L CRI AT RE L 25 > T 5,

ZDHB [V 8 =2y b FYRa| BRETIE, TU4X
NBASFTDTF—RuX 5742 TGATEX FIZES)
T7 70— F L. TP Web il b o
TN Z T — 2 T T2 TR FTERTREIZ L 7=,

3.6 BIREEIELEE L/BHRNE

HlOMEERE S LIS, [ERTORMER (X7)
DA B, ARG e (R8) ., Rk
Ffahg~ v 7', G- RS O R TR,

—_

K7 MRETFT—4vv7

3

M8 SHTH-IEH

— 158 —



FEHETL~YT « 7Z [MIMAMORI] £ERIFDEN

3.7 -k Y—a428—T7 1 XDHFH

PR A IR L 722 FSx LR e v & —
T4 AT VA TR A E A RE (K19) .

RGO MIMAMORI 2> bu—35 (X110) O#hRE
AV B—F 4 ATLAIZT ) ELTER L,

17 8 MIMAMORI 3> bA—2

X 10

T 4 2T VA A ZONHT R (K 11) 2889
HTET, ¥V A —F 4 ATV A DEOVEHBTEY —
2 W[ HE,

B TR
| IDINATES |
L FrRTL T

11 KR 22 B! MIMAMORI E#i{8

4 EHEHIATLA

4.1 EHIATLIBRBE

Jil#r X7z [MIMAMORI] O Hi{lofE DR
by, RO IEEEREDRD, FiRE A
FAFE L. MERKZ WU L7z, SERD [MOPS] #—/v—
W& [GATEX] 79 v M7 x — ok o ik %
15 128,

4.2 F—HARNFZT7 7=y b (DTU)

Y UR—=F 4 ATV, e — 2 EHEEX 5720,
Wi7=lo7 — 2B ER A BT Lz,

PERTO MIMAMORI 2V b & — FI2H#Hi LT/
SR A2, MIMAMORI 2 bu— I 25K &8,
INETEBYORER A WREE L7z,

F72, BRICH S 29 A =2 F 2 )T 1 WIE7:
B, ¥ 2 )T 1 R A AL X7z,

4.3 MIMAMORI 3> rA—5771)

MIMAMORI 21> ba — 5 & U THEHE L Q- EE
%Z. HTML5 (Hyper Text Markup Language 5) %
HWTT7 7N r—va b, v —74 2714 L
THEWETZE7 7)) r—v a v ELTHERKR L (B 12,
13, ®14). ZHUKDEHIv ta—=FONH—F
U x TSN s 572 2 FEROBERELIRIC
BETH BT TV r =2 3 VOEH - BMNRTES
OTA (Over the Air) #EEZEHIL7-,

=

e

mR

SNEZHEBROTT, ZOPFTVEERL &S,
X 14 EfFEERRNEE

— 159 —



W SHE1355

| mMopPs | GATEX

178MIMAMORI/DTUSRSE 22B'MIMAMORIZESE

RS232C/7400°
ol /usB/sw
5 RS232C
178MIMAMORIIY bO-5
1 RS232C RS ERIRERT )\ 2
> RS232C q RS232C E TIH-F1ZRTVA -ETC2.0 JrRs232¢C
qE
= - 178DTU 7551 use
(RAYFH1T) USB
z RS232C J1038/
’ ISO-CAN “ . RS232C ==
p  11939/150-CAN N V q RS232C/7400° /SW
L MMU 228IDTU
MMU
7547 RS232C
(RAYFH4T)
LIRS EBE85 )1 %W RS EPERT N1 R
- -Mobileye | CAN -
A= R7BISW ‘ sw -FEELythm 7 A= R7RISW ]SW
, -PTO J .DSM ‘PTO =
& 'ﬁﬁ%ﬁ%@ﬁ— | mor FINI-NFTYh— SRR EERERECY T
s e .TPMS RS232C (UGD) BB —h—1/F
] TINI-NFryh- e ETC o EmEE ||| e RSB
-10F-HR-R 1 use OAEHA—N—T/F €7 Ay b SREF ~
1 49 (7R D 55— e
SFIANNAS ILvDs
fix FFOTHAS RS170A
P92° 0 b-N 7 N 2D 797°0°b-17 A AAHEL
15 [MOPSI[GATEX] DEH I X T LERLE
5 HHYIC

Zlf#E L7z s o [MIMAMORI] #—v 2 &
B#HR— b 2574 TH5 [PREISM] ZENDE
TR S B A2 15 T\05, 22 TH - 728l &
O — E2IZEN OB FRICH L TE 'Rk TE 5 &0
BELTED., 5%, BEKO=— X &L A 5MRE A
SERUTTZEINWEZZ Q05 IZUBDIZHBR-LD

12, I—Ry=Za—FILEEFCHEL-EIT LT & &
b, Xh—EoY—vxm EEXD ., BEKROEHEIC
BA. THHFICIRZBESICHIZE N L IfET
%50

JIEE = Wil =k

— 160 —



Optimized Vehicle Representative Input Measurement for
Increased Accuracy in Correlation of Exhaust System
Displacement Between Vehicle Test and CAE
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Masayori Otake® Gerald Bergsieker®

Abstract

The durability of a product is influenced by three key factors: the applied load, the structural configuration, and
the material properties. In the case of automotive products, their durability performance relies not only on the
design of the structure but also on the dynamic characteristics of the road load, including profiles and frequency
spectrum, as well as the fatigue properties of the materials used. Vehicle loads are dynamic in nature, posing a
significant technical challenge in optimizing the durability design of automotive products, particularly in
establishing a representative set of road loads. The load quantification methods need to accurately capture the rough
road durability data, which often consists of substantial amounts of information, while ensuring both accuracy and
efficiency in the analysis. This paper introduces a correlation method developed by Isuzu Technical Center of
America (ITCA) to address challenges in the load correlation between test and CAE(Computer Aided Engineering).
The developed optimized standard test procedure draws inspiration from the vehicle validation and testing
procedure (ITE-000274E) for durability. However, the standard procedure (ITE) has limitations for correlation
because it measures loads in the Z-direction and only on the driver side. To overcome these limitations, ITCA has
proposed an improved method. The proposed method considers durability inputs on both the driver and passenger
sides in the X, Y, and Z directions, and utilizes them to predict the system response loads. By incorporating load data
from multiple directions and locations, the proposed method aims to provide a more comprehensive representation
of real-world scenarios. The results of the study demonstrate that the optimized load application yields better
correlation between the test and CAE response.

1 Introduction factors can influence the accuracy of establishing a
direct correlation between test conditions and actual
In the pursuit of accurately assessing the  usage scenarios. Furthermore, advancements in
durability of

representative

products, computational analysis methods, such as CAE, have

faithfully

structural automotive

defining inputs that revolutionized the automotive industry by enabling

simulate real-world conditions and loads becomes
a critical aspect. The durability performance of
vehicles in the automotive industry depends not only
on their structural design but also on the dynamic
characteristics of road loads, such as profiles,
frequency spectrum, and material fatigue properties.
To achieve a comprehensive understanding of the
structural durability of automotive systems, it
is crucial to integrate advanced data acquisition
systems and real-time monitoring techniques. These
tools enable the capture and analysis of crucial
performance metrics, facilitating a more accurate
assessment of the system's durability. Despite
efforts to replicate operating conditions, variations

in load profiles, boundary conditions, and other

virtual simulations and predictions. However, the
accuracy and reliability of CAE predictions heavily
rely on the correlation between the input loads applied
and the corresponding responses obtained through
simulations. This study aims to address the need for
overcoming limitations in standard durability testing
(ITE) and CAE validation through the utilization of
an optimized methodology. By enhancing the accuracy
and reliability of durability predictions, this approach
contributes to the improved design and performance
of engineering systems under real-world conditions.
The primary focus of this study is to highlight the
input load limitations of the vehicle data measured
per standard method (ITE) and its correlation with

CAE simulation. The existing vehicle validation and

* Isuzu Technical Center of America, Inc.
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testing procedure (ITE-000274E)? for durability
provides valuable insights but presents limitations
in correlation due to its exclusive measurement of
loads in the Z-direction and solely on the driver
side. To address this issue, we have developed a
novel approach that integrates durability inputs from
both the driver and passenger sides, incorporating
load measurements in the X, Y, and Z directions.
By considering load data from multiple directions
and locations, our objective is to provide a more
comprehensive representation of real-world scenarios,
thereby improving the correlation between the test
and CAE response. Throughout this paper, we will
explore the limitations of the standard durability

testing methodology, assess the accuracy of the CAE

simulation methodology utilizing the MTRAN (Modal
Transient Response Analysis) setup, and compare the
PSD(Power Spectral Density)s of muffler response
obtained through the standard and optimized methods.
We will emphasize the significance of selecting and
calibrating appropriate input and response locations
in the durability testing process. By utilizing our
proposed optimized methodology, engineers can
overcome the limitations of the standard durability
testing procedure and enhance the correlation
accuracy between load inputs and CAE response.
This improved correlation allows for more reliable
durability predictions, ultimately leading to superior
design and performance of engineering systems under

real-world operating conditions.

Driver Side
Vertical (Z) Input

Figure 1.

Rear axle

(O Vertical Input Locations

Schematic lllustration of Input Locations on 21MY ELF Frame FEM

(Finite Element Method): Standard Test Procedure®

K
=
m
-
]
[

e

@ Tri-Axial Input Locations

Figure 2. Schematic lllustration of Input Locations on 21MY ELF Frame FEM:

Optimized Test Procedure
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2 Standard Test Procedure

The standard test procedure for computing
durability loads on the frame, utilizing multiple
vertical ‘Z  accelerometers, is depicted in Figure 1.
However, this method has yielded insufficient response
on both the vertical input and response locations.
The inadequate data in the X and Y directions
could potentially be attributed to the

characteristics of the system or component being

inherent

excited. Specifically, the standard procedure
mandated the excitation of the system exclusively in
the vertical ‘Z  direction on the driver’s side. This
configuration, employed in both the physical testing
and CAE simulations, has resulted in unmatched
correlation. The discordance in correlation has
compelled engineers to adopt an overly conservative
approach in designing the system or component,
thereby potentially inducing unnecessary stress
within the system. Furthermore, the limitations of the
standard test methodology have resulted in increased
efforts and costs when evaluating the reliability of
the system. By addressing these shortcomings and
introducing a comprehensive approach integrating
multi-axial accelerometers and excitation techniques
(both driver and passenger side), our objective is to
optimize the accuracy and efficiency of the durability
testing process, leading to improved design decisions

and cost-effective solution.

3 Optimized Test Procedure

The optimized standard test procedure for
assessing durability loads on the frame incorporates
a state-of-the-art approach. By strategically placing
three-dimensional accelerometers at various input
and response hard points, as depicted in Figure 2,
the limitations of the standard test procedure have
been significantly overcome. This advanced setup
facilitates precise measurement and analysis of
loads in the X, Y, and Z directions on both the
driver and passenger sides of the vehicle frame.
The meticulous arrangement of thirteen response
locations and four load input locations ensures
load

throughout the system. Rigorous validation efforts

comprehensive insights into contributions
encompassing physical testing and CAE simulations

have successfully confirmed the expected outcomes of

the new configuration. By conducting meticulous data
analysis, comprehensive results have been obtained,
demonstrating the effectiveness and accuracy of this
refined approach in assessing durability loads. These
findings are presented in Result and Discussion,
enabling a thorough understanding of the system’'s
performance and reliability under diverse input drive

load conditions.

4  Methodology and FEM Setup

The CAE analysis uses the global vehicle
coordinates where longitudinal is ‘X’, lateral is Y’
and vertical is ‘Z’ as shown in Figure 3".

Nurkes waemens st

Figure 3. Three-Dimensional Reference Grid"

This
methodology that outlines both the standard and

section presents a comprehensive
optimized test and simulation methods. The workflow

for the study is schematically depicted in Figure 4.

CAE Setup With Road Load Durability Loads |
Optimized Standard
Standard Test Test Procedure
1 Procedure (Excitation (Excitation at Driver [
at Driver Side ‘Z’) and Passenger Side
txl’ ‘Y’ alld ‘Z’)
Modal Transient
Respt'mse m’yﬁs Modal Transient
(Sol. 112 Nastran FEA Response Analysis |
Code) (Sol. 112 Nastran FEA
Code)
Results Comparison Results Comparison
N (Muffler Displacement (Muffler Displacement L
PSDs, Test vs CAE PSDs, Test vs CAE
Accuracy, etc.) Accuracy, etc.)

—bl Conclusions and Recommendations I-o—

Figure 4. Workflow Framework
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In the optimized ITCA procedure, the system is
excited at four input locations along the X', Y,
and ‘Z’ directions on both the driver and passenger
the standard
procedure only involves exciting the system along

sides of the vehicle. In contrast,

the driver-side ‘Z’ direction, which lacks accuracy
in capturing the system response, particularly in the
case of the muffler. To ensure a robust correlation
between the test and CAE results, the MTRAN setup
has been updated to align with the latest optimized
test procedure. The MTRAN setup plays a crucial
role in the CAE evaluation of structural durability.
It enables easy parameter modification of the model,
eliminating the need for repeated physical testing to
evaluate minor or moderate changes in the system. As
a result, the MTRAN setup provides valuable data
for assessing the structural response to system or
subsystem level design modifications. To evaluate the
accuracy of the results, a five-peak average analysis
is performed. An accuracy bar chart and table are
utilized, comparing the predicted CAE results with
the actual physical test measurements. The bar chart
serves as a quantitative assessment tool, providing
insights into the reliability and validity of the
durability simulations when compared to the test. By
comparing these approaches in terms of accuracy and
practicality, the study aims to identify the advantages,
limitations, and trade-offs associated with each
method. This detailed investigation of the comparison
of testing methods, MTRAN setup, the obtained
results, and accuracy comparisons significantly
enhances our understanding of structural durability
testing. Furthermore, it offers valuable insights
for future research and development in the field.
The FE(Finite Element) models used in this study
were prepared using HyperMesh Pre-Processor for
Optistruct. All models were meshed with 2D Quad
elements except for the exhaust manifold, which was
meshed in 3D tetra elements. The quad elements are
computationally efficient and offer the right amount of
stiffness during element distortion. In addition, these
elements provide realistic results when compared
with the test data. The materials used for modeling
are assumed to be isotropic, and all connections in
the exhaust system are modeled with 1D elements
for ease of simulation. In addition, the test and CAE

comparisons were made at a relative location on
the muffler. The MTRAN FE model for driver side

vertical inputs is schematically shown in Figure 5.
Likewise, the MTRAN FE model for driver and
passenger side tri-axial input is demonstrated in
Figure 6. The modal transient analysis was performed
per Nastran Sol(Solution). 112 finite element code,
where the frame structure was excited using test
displacement data at frame locations highlighted
in Figure 5 and Figure 6, and the resultant muffler

response was extracted in the time domain.

W Input Locations
O Response Location

Note: Road Load Data applied to the highlighted input drive
locations of the FE frame model with exhaust system

Figure 5. MTRAN FEM Setup with Driver Side
Vertical Inputs

W Input Locations
O Response Location

Note: Road Load Data applied to the highlighted input drive

locations of the FE frame model with exhaust system

Figure 6. MTRAN FEM Setup with Driver and
Passenger Side Tri-Axial Inputs

Figure 7. Accelerometer Location on the
Exhaust Muffler FEM
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Figure 8. Muffler Vertical ‘Z° Response PSD (top left); Muffler Longitudinal ‘X’ Response PSD
(top right); Muffler Transverse ‘Y’ Response PSD (bottom center)

Test Vs. Vertical Input CAE Vs. Tri-axial input CAE

Muffler-Z Muffler-X Muffler-Y
Accelerometer Location

m Vertical_Input_CAE m Tri-axial_Input_CAE

-]
[=]
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o =

| Test
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Location | Channel Info. €
Vertical Tri-Axial
Input CAE | Input CAE
A-40 4 11% 5%
Muffler | A-41 X 29% 9%
A-42 Y 23% 6%

Figure 9. Comparison of Muffler Displacement Accuracy from 5-Peak Average Analysis Study

5 Results and Discussion

This section presents a comprehensive comparison
and analysis of the muffler displacement results
obtained from CAE simulations using both vertical
input and tri-axial input, in comparison with the
physical test results. The primary objective is to
assess the impact of the standard procedure (vertical

input) and the optimized standard procedure (tri-axial

input) on the system’s response. Figure 7 provides a
clear visual representation of the accelerometer s
placement on the exhaust muffler with the attached
frame. To establish correlation, a detailed analysis
was conducted by comparing the data acquired
from the physical durability test with the CAE
simulations, utilizing the methodologies described
earlier. The response at the exhaust muffler location

was extracted by exciting the entire system, including
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the frame setup, at the specified input locations
illustrated in Figure 5 and Figure 6. Initially, both
the test and CAE data were extrapolated in the time
domain and subsequently transformed into frequency
spectra for a more simplified comprehension. This
transformation was achieved using the FFT (Fast
Fourier Transform) technique, thereby enabling
frequency spectrum analysis or PSD analysis. The
frequency range of 1-24 Hz was selected for analysis
due to its susceptibility to resonance occurrences
at lower frequencies, which can result in significant
amplification of the system’s response and potential
structural vibrations. To align the data with this
frequency range, the original sampling rate of 512
Hz was resampled to 50 Hz using the FFT process.
Power spectral densities were then calculated for
each muffler direction (X, Y, and Z axes) within the
1-24 Hz range. This analysis allowed for a detailed
understanding of the system’s response, particularly
in relation to resonance effects. Critical regions
within the frequency domain, relevant to durability
loads, were identified and highlighted in the analysis.
Figure 8 presents the power spectral densities of
the test data, vertical input CAE, and tri-axial input
CAE in the global Longitudinal (X), Transverse (Y),
and Vertical (Z) directions. The results are presented
on a logarithmic scale for easy interpretation. These
findings provide valuable insights into the system's
behavior and help guide the design and optimization

process.

test data

was observed in the longitudinal and transverse

An apparent deviation from the

directions, providing valuable insights into the direct
influence of the optimized standard test procedure
compared to the standard test procedure. Moreover,
as the frequency increased, wider deviations
became apparent. The most significant differences
were observed in the longitudinal and transverse
directions, while the deviations in the vertical
direction were less pronounced. This behavior of
wider response can be attributed to the input load
patterns discussed earlier, which result in a reduced
response output. In contrast, the tri-axial input
model, designed to replicate an actual vehicle event
where loads are transferred through the frame on
both driver and passenger sides, drives the system

differently compared to the vertical input model

employed in the standard test procedure, where the
system receives input solely on the driver side frame.
Regarding the muffler’s vertical ‘Z’ direction, both
the standard and optimized test procedures exhibited
minor deviations in the PSD. These deviations are
primarily due to limitations in the hanger isolator
modeling of the exhaust system. However, despite
these limitations, the observed deviations are
preferred over a broader response as they result in
an underestimation of the overall system’s response.
This conservative design approach is crucial for
mitigating the risk of unwanted elevated stresses,
which could potentially lead to disastrous events
such as structural failures. By avoiding over-design
and accurately estimating the system’s response,
engineers can ensure the safety, reliability, and cost-
effectiveness of the design without compromising its
performance. Furthermore, a statistical analysis was
conducted to determine the accuracy of the results.
An accuracy bar chart, derived from a five-peak
average analysis, was plotted to estimate the error
percentage between the test and CAE simulation
data for the muffler response. Figure 9 effectively
visualizes these comparisons. The results clearly
indicate that the tri-axial input method yielded
more accurate results, exhibiting an overall error
percentage of less than 10 %. In contrast, the vertical
input method showed an error percentage of less than
34 % when compared to the test results in the X, Y,
and Z global directions. To summarize, the findings
of this study provide a comprehensive understanding
of system-level input methods, enabling engineers to

estimate responses at various locations.
6 Conclusions

In conclusion, the optimized durability analysis
method, incorporating tri-axial input and considering
inputs from both driver and passenger sides in
X, Y, and Z directions, demonstrated significant
improvements in correlation with physical test data
compared to the standard procedure. By analyzing
the PSDs within the selected frequency range,
resonance-prone regions were identified, providing
valuable insights into the system’s behavior. The
wider deviations observed in the longitudinal and
transverse directions emphasized the influence of the

optimized standard test procedure and highlighted
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the importance of considering load patterns from
multiple directions for accurate predictions of the
system’s response. Furthermore, the minor deviations
observed in the muffler’s response in the vertical ‘Z’
direction were primarily a result of limitations in
the FE modeling of isolator. These small deviations
are deemed acceptable within the conservative design
approach, particularly when compared to the larger
deviations observed in other aspects. Statistical
analysis further confirmed the superior accuracy
of the tri-axial input method, highlighting its
effectiveness in correlation analysis. These findings
emphasize the importance of appropriate system
load input locations and methodologies to accurately
estimate the system's response. It also underscores
the significance of avoiding excessive over-design to
ensure the safety, reliability, and cost-effectiveness
of automotive products. By addressing these factors,
potential risks can be mitigated, leading to improved
overall performance and durability of automotive

systems.
e Future Scope

With the introduction of the validated CAE
method, the approach can be used to evaluate the
durability performance of chassis mounted parts in a
real-world loading scenario. The input loads can be
carried over to other programs in the same vehicle
weight class, eliminating the need of RLDA(Road
Load Data Acquisition) measurements for each

program reducing the overall cost for development.
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I
Seiya Yamagishi

® §F

TR T — & & O 500 Tk Td % FZRME
(EXER ISR AT 4 — YLy YV ISEA L. R
HOHG M &FhE Lz, 222G S ORNEI R
35 FHBE % FIFH LT, BB o) & B o3 12 o4 %
THAEFE U, FBE T OBKER S ORI 2 18]
XM, D, BREE G 0K 2O T DKk
Fhok FEOFMME R L,

/NG EE s fl—*
Hisashi Ozawa Kenichi Yamashita

Abstract

Operational Transfer Path Analysis (OTPA) was
successfully applied to noise source contribution
analysis especially for diesel engine mechanical noise.
The referential signal was divided into the mechanical
and combustion component, and this technique yielded
detailed separation of mechanical noise.

1 [FU&IC

RAFHHT 4 — ¥y oy Tk, RSN - INALE
FEPEDE R & HEH A 2RO IR, 2 LT CO,y HE
HIEDOHIE RO SND, o6 GEMEREICITEE &S
REETEIRT 2808 %<, FEMEREm LIZfEv, =v Y
VRE S DOEEE T LGSR L . R REREEIED
FE & SRR OMET &2 KD NEEIZLTha,

IO VERER S OHEE L LT, EERSENCE
WUZRANER Oy YV BT A2 Oz B0 8ic &
0. FRINEIHBIO® 510 v v B & BRIsEE T & 2h
LIS OBt 12 oy B 5 Tk R Shng V)
F7=. SRS & SIS RS S kL LT BRE ok
WD R LD 245 1E F 73K E L35 B
NER A AR OEEE LILDOZE S IR O
HGREWTE T B HEMREE I TS Y, ZOTHET
. BRSO F F2IETRE A BEM IR 5 57-0 8%
EIRRE COBE S 5- DR NEE Th 5 Z LA ERE &
%55,

HilCld, @R OES RSO 5% 4835 5k
& L TTPA ({5 3% £ J% f# #7 : Transfer Path
Analysis) % Wz BEENEEKIR, & OEEEGEEN
OE WY ThTnd Y, KFEIE. H60C0
PR BR S CRHI L 7= 2 R 2 5 I35 i CTOARER
Bz, FHAIL 720 2 N B85 2 e TR E RS
TEHEPREARETH D, LErLEHE, TV /0

R A G~ L2256, 09 v N O &SR
AR U R B & BRI 5 Z &1 T H A E L
W, F72, FERREIIRRE IR S O I K OSBRI 2 L
DI D B TILZBRN T 5720, 57
FREMET 3288055,

ZZT. YV VHRITKRD 515 skl TR DK
& NTREEE A g7 LoD, BRSO IS L B
W RS ORGE & RIS 57280, FEKME T — 2 &
W H G A Th 5 FHM TPA 2120V VIl
AL, =02 rOFEEEFWHOEEE 5 & FEhi L
720 RS, 27 Vo S REN R U TBRISER 7 & B
O 5SS A AT 28T, FERh
DB DRSS 2100 E X872, I, kR
IZHED XIS AN 5 Z & TIRETEOA M
ARMGE L7z, AR, R LY OV BEEH S
B Tk & GRS RIS DWW TS 15,

2 IVUVVEBERCIGERR

T4 —YLTYY UV OEEEIZ. RI1ITRTEIICE
WOBEGHTECHEF Ny VY Ta y 2 %5 (5%
L. ZUOVRPSRGENBZETHRETS, Th
5 OB S 3RS D FAE BN K - TRBENIR J112
AT 3% BRJEE A . AT BhER A OB T & 0 A i oD fi
RICK > THEULHEWEE S, TADWNWEL->THELS
KPR IS KB TE S,

R g s gL ZE AT
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Engine noise

ﬁ W

( Cylinder block ) | Head block ]
L L ¥
1 1
Main Gear
bearing Shaft
4 | 1

Mechanical
noise

IV ERBEREEERR

Injector]|Gas flow
7 || G
1

Flow
noise

b)) 0

Combustion
noise

X 1

RAIIRNTHOCOES] 4 K[fFET 1+ — TP VIC
MNUT, BETFLROME 7 FEThs FEV-
CSL # (FEV Combustion Sound Level method)
ZuH L. IEET R R iR S R A SR 1
Iy 2000 rpm B DBE S 52 & b L7z KGR
Mo, RIEEE & RO RS & B RS O HE R
AE218T 00 zox vkt g b,
M ASSHEM: 2 1) b X722 & 12Pf - T EEE &5
BEMUTE0 ., AR BRBESE & DKo 3 & F20i L
7eo ZD72®. BAMEEIZE 20 6§ RS
(Mechanical Noise) DA G-E R KEL, BREEFES
KAl S5 EHERBES (Direct Combustion Noise :
V)V ETa Yy 2LV RNy R AR L
TRAETHE ) LOMEMRBE S (Indirect
Combustion Noise : X4 VX7V /7% LT. faN
JERRe ) vaTa sy 7wk LU CRE TS
) OfFERBETHY, ALy Yy TIBEEK
WD DITNTIRIESE S 10 A TR DKk &
HThb,

PSR S 13 > 2 VN CHIRE) 3% S A T T
EBAHEMEN DD, FEAESEAZTTER 11N
LIRSS ERA NV RT T 0T 04080 b FY,
Fr—V, )T EHE, AV 228 EZIEIZIES, I
O FMGE ThIuL, FRERT Y 7 b & FHOTER
BT LB HELIF — KON 2R L. FEM
(Finite Element Method) &7 L% TR L 72 fEik
ETAANDASJE UTHGT & %395 2 L THER
SIHEETHS D, — T R T a2k 5 hE#
1) 25 B S IR D7=0121%, BRI Z L OFF 53 % jtlig
LAG B RENEAAISS R 2 CHRETHS, Ll
M5, CAE (Computer Aided Engineering) % H
W N CLlE, FERRERRRE I A LY D UV EREH 5%
eI 22 LIFES TV, £ 2T FERENRRETEHI
L7eT — 2 % HO e FEATh % FEKME TPA %
TA—YLTYDVICEH U, B S OF 50
Fehe L7z,

x1 #HHAIDOUOOXEEHET
Engine type ‘Water-cooled 4 cycle DI diesel
engine
Number of cylinders In-line 4 cylinder
Total displacement 2999 cc
Bore X Stroke 95.4mm X 104.9 mm

Maximum torque 430 Nm / 1450 - 2860 rpm

Air-charging system Intercooled turbocharged

Timing train All gear

Direct
combustion
noise

Mechanical 36 %

noise
48 %
16%

Indirect
combustion
noise

2 CSLEICLIBEFEMMTHER
3 EHEBTPAOICYUEH

3.1 EHE TPA DEH

FeRME TPA Tid. FERMIRE TR H L 722
B9 LINERES 2 W ERABYRHEIZED RS
POINERETOEEREME L. G5 LHEL
TAREENOINEE T EHAK TSI L THREBRES
DHEGE M5 O B3 13985 TPA OO T
NEDOWEE S VG R TH B, £, RIFGHHIL2-2E
FZREB T 2T, 2T ho Rk 5%
HE 5170 X ROILDERE ST P #1585, 2HES
FPA XAt U TR 53 i 2 47O FDOIC JEAH B L &
NG OHR»E | FEREO S OAE M LTE
BATH T Z3RKD B, i, FRTH T LIBERE
SATH P CERBYRI & T, BREITAI C 23RS,
SBE T8 X & BRI T ICAHRT22=4)
AV &, BRSTH T 2 I0EE 5175 P& s
ERBUTHI C # T Ax. BRESHTH X LINER
FITHI P OBOEERH 25845, Mk el
R L2BES LIEEREHVIREES 2 HA
T BZET, B e DE G55 AnThEL 55,

IO VYNERTRAE LR N K B IREE ¥
VAEKIARIE T 5720, BETTHOE IZS A%
LT B E SR OMBE s i@ < . LEtRME
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7= 38 O Al 3 i F-3E O FHIZ K 5 BE % 5
SMHIINEETH B, 7 2 TR RE TR, RS
HTIZ & > THAHBAML X7z TR o & F O, (@R
K1 2 E X7z, B2, BRI OKEXERKTI5
S OXRHFAEDAEANZNEDE J A Xk 45 & LT
U, A& 2 m b X7z,

;| Simultaneously measured h

Reference Principal Response
data Component ata
Noise L[C] i
sources / ) !
| e |
ﬁ | analysis E
ﬁ [ Xs | Noise
Principal component component
analysis
[P] = [X][H] 1)
[X] = [UIIS]IV] )
[T] = [X][V] = [U][S] (©)
[P] = [T][C] 4)
[C] = (T [TD[TT*[P] ()
[P] = [X][V]IC] (6)
[H] = [V][C]
VIATTIrD ] [P]
[V1ls] [u] [P] (")
3 E&E TPA OO FIEELETER

3.2 HEBRFE

T4 — YLy DY OBEMERE OG5 D78,
AR RNE, TV ZHORE), VYV
D~ 4 7 vk HIE % BRI U7z, RN R sE
RT3 2BESTHY ., FHCHWEE 2y
¥ BYFAVT 74 T4 25kEL CAS-20N1) 13
TU =T 57T AT E e HOTERENIRRE L,

Idler Gear
shafts

Liner Main
wall bearing

Reference
points

Cylinder
pressure

A

Piston Crank Gear

slap impact

Bla .o

Target noise sources
4 BEREESBESOAMLE

Valve
i

Combustion

IRBYOEHANT 3 #il & 7=13 1 O MBEE £ o4 12kD
10, B 1 TR L2 IREIOZ# 430 & B L. BE s i
IZCELETIVEICERE L FT KAV ATy
FTIZR LT, EZA M 2Ty TRAEMENEDOVY) v &4
Ty o BEEIC RS o & 3 LCERIIL 72, &
FVIDY v — FIERERZICHEHE L THELE T
VoA MZRHLTUR, 2oV oz F vy T3
B NI & v % i LCEHIl L7-, ARRBRCHW
IR, BAIVT PLA VYRR TEY THD ., K
BIOFYHTAHECSHHEEZEICLD, FYxtsvyy o
¥ 2 & MRS 5 Z &1 k0 i Rl S
LTRETEIEY I MLOBEETF G N RKRENILEH
BiFE CHERR L CQ5b, 72, BRI CHECEFY I L
RENZ, 4 FETOXYHE»S L) v &7 Ty 2 NERIE
LTV OV RMP O G S8 DEE A, Frifilic
3D NIRIE & >4 % B Lz, I LT DY —
PEEEIZK S TRAETHIRENZ. Va4 F L
VIR & > % B U CRTEl L7z,

IEE S THRT YV VERFIE, TV RENS
1 m OFREEICERE L7 4 T~ 4 7aky THIEE
SR L7z, BESE A 500 Clk, ZhthengiEsLeL
TR EIT > 72b &, P L2 D& FHIFER E L,

TR TPA &, BRIl E SR Lzl
7+ =7 (Miller BBM ft# PAK System) %
W=, E77, BRI DOKRZ XKD /A XD F,
ZHE5 DS B WAL DR % 555 O IERHIL & Oz
BOELEEFGORME. KV 7 Y 2 7 OKEE
AR LU THELE L=,

EEZRORIEIZHOWST — 213, s D2BESE
INEE 5 EOHEBBRZ T T 5720, 2HES 4T
AR XEBRZENATLNEEZ, R2ITRT
7 MTHUR L2 — 2 & O U R A 6 Lz,

x2 EERFEAOFTES
Engine speed Running condition
600rpm Idling
1000rpm Motoring / Full load
2000rpm Motoring / Full load
3000rpm Motoring / Full load

4 BEFSMER

TR )k TR 7253 & 2000 rpm 2 E D
ZBESEZHAWT, v 20k y FEE2HEHRLTHE
MHER A L2z, RS 1IR30, KER AT
HE (Synthesis) & FEHIFER (Measured) DZElL
JEFINEL | EEHEE ZEDIAB A E R R 6Nz,
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FRME TPA Tl 2HES LB VN QO SME T
WAEIFET /A Tk e LTlE IS 720, 2
FHICE FN TGS K ORI S DB
BEMIA TSy & LT E SN, ZBECZ3DEH
Ab6N5, BEHGFIIR 6 1R TEIIZ, 28 % &1
WL 40 % %227 V27§52, 30 % &5V HldkE) 2 5
WTED, P VENy F RO A FEEHRE O 5527
Bad/N&h 572, B 2 128§ CSLIBIZK B IR5E0R S
EREMEE S OILRE A IR 2 L. RNIEDE S5
228 % THBHDIZx L, CSL LD B FEBRBEE 12
36 % Thb., /2. FMAELIOEERSEH 5EOAG
MNT72% THD ., CSL FLEDOMMER S DZ 5K 48 % &
s Lsvy, ZORKIE, RINEIHRIC & 2 R H
YZ by, avay FERELY 7 v iiiikii b 755
BRBER oy &, 2T v 7 e iz OEZEICk > TR
205004 N MICKBEMK 7y O 500
ZIREIC &G FNTED . ZNODGEENTE Ty
L E A, TZT, 2Ty iR & FNE &
B2 D B IR 53 & 2 AST DB 7 2 45 2
&L KO FHM B R T DA 50T A i L7z,

—=- Measured

—— Synthesis
Cylinder pressure

—— Main Bearing
Gear

—— Head

—— Liner

Sound pressure level [dBA]

100 200 400 800 1600 3150 6300
1/3 oct. frequency [Hz]

5 BEHF5SHER (2000 rom £ &)

Cylinder head Liner wall
1% 1%
Idler gear Cylinder
shafts presure
30% | 28%
Main bearing
40%

6 EHE TPA ICLIBEFEROH/MMMER
(2000 rpm &7

5 AR &R 5O B

51 77 78% T iIREYD 5> B

2T v o480 ME, RINE R OCEEEE DAY
Zby, avay FENLTrI v fel4+52 &
IZKD. T VIR EEZ DA AN )T TV ANT
HHEIL, ¥y — TG HIZIC S5 T LS,
(X 7 13RI R 5 O FF 523 LR K 4y 3000 rpm E —
&Y v EERIZkIT S, vy oEE TR
O IRAER TH 5, RISEITE T & FEEEE O
v oz E RS (1000 Hz DAE) ORI
EEIKRT2E., ANONFEARIETSE44I/5T
KRB RAET DT R 6ND, N & AEEEME
(= RN 2 o <Yy 1 o Nl (=955 AN :: € TR S e S )
ERTDTFENREET B84 IV BT B0,
REIORELA IV REESEENT S, HIZ, 25
v FiZ OMMEETE, WERE S5 5, —
FC, AN LIREZOMHBE B R oenl ers, -
7 v 7 2 IRE) A 6 fRINIE & AHBE D& 5 W 53 % 43 BT
L, X () B ErIvo4 030 MKk
B UTHrpETRE S & A 72,

—— Effective force
Acceralation

——— Combustion force
Inertial force

Z
= 20}
Q
g, AN /|
=
> {300 &
o
.O
o £
=
[
‘ ‘ ‘ {=300 §
0 180 360 540 720
CrankAngle [deg]
7 VSV EHRIREIDREI(ILYT

(3000 rpm E—4%U> %)

ZZT. RNEAZ2RES. 77 oz ikE) (X6
® Mainbearingd0 % B43) %ILEE 5 & U THEBE
TPA #HH$5Z LT, sz iRE) & RBERK 7 & FEbk
BT L7z 3, AZE R REICHWZEHI T —
ADSB, AKFEHORNEESHES. &270 2
2R & IS B2 5 L LTI E R Al L,
Wz, RNEGSSICER LR TS A v, MiHERD
TANZ B L, 757 iiZIRE0 S 5 G
FHBE 23 % B oy DRFAIEIE & S U7z, SIS, Joo
25V W REN 6 IR D BELIEI I & 51 & |
BT & S L7z,
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8133000 rpm E— &V VI HEERIED T v 52
IR & FEZEER Sy (ref : cp) MK (diff) 1275
Bt L7 AERCTh D, ZOMERSMF TR, TESIZE IR
IZHARTHEWE AR ELS B 7 TR o774 008
7 MZEBIRENE, B IZE < Gz, Lizdio
T, 27004037 MK A IRENIFHENITE & BEOM
BAAVINE S B IC s L E A%, B9 13
[Ml#5% 3000 rpm DF F EEfEHLE LA D7 T
YO IREID S KER TH B, PRIBEICHHES 23 5 B D
IRMEAEEIL., W24 I ThHb 360 deg fHET
KENZEDSBRBER 3 5l S T0s, 72, &
fEER T > TR T B E FNDH T LR SNz,

500
— MB1-7
= MBI-Z{rel:cp)
MBI1-Z(dill)

% 0

e

[

o 500 : .

8 500 -

[¢5]

©

(8]

o B

T Opee -

80, 180 360 540 720
Crank Angle [deg]
8 I EIZIREND I BEER
(3000 rpm E—4Y %)
500
— MB1-Z
m— MBI1-Z(refiop)
MB1-Z{dit.)

RL 0

e

'E' No.1 cylinder

=} 500 . * Combustion timing

S -

3 500 -

[¢B]

o

o

g 180 360 540 720

Crank Angle [deg]

9 I UEHZIREOIBEER
(3000 rpm 2 &%)

5.2 BERZOMER

25 Gl R E) 2 BRI S & B o3 12 o e L
72IRGE T, T 2000 rpm 4 Efar R TOBE S
B U7z R10 3y DU BT D 1/3 A2 4 —
TINY FZART ML Th Do AHE K OFY ks, >~

Ny EANy K IA4 FEERIOERZ 7. B 5 OFfEHE
LBBOREKTHE2. RNEKROY 7V 755z D2
N7 MR ZE L L7, 315 Hz BL T THO»D BRI
DL NEKGEBAT-OF, 275024587
KBRS & R - RO RINIEIZ X DR IIZ X
DRAETIESTOTHIZLEEDEEL6ND, /-,
BRI IR ON M ZE S K 5728, B
WAy DA BEEE LIHTF LB -7,

<
m
=
]
>
o
el
=
a
@
=1 === Mesured
o —— Synthesis
= w Cylinder pressure
<} —— Main Bearing(ref:cp)
u ——— Main Bearing(diff)
—— Gear
—— Head
—— Liner
100 200 400 800 1600 3150 6300

1/3 oct. frequency [Hz]

K10 BIRFHICLDITILVUBEEREOTER
(2000 rom £&7fT, 1/3F782—TJNUK)

IV VERER T DHFGHRIE, B 11 OXIIZHN
H O 7 2 7§52 DR 7y D532 54 % T, 7
7 VWl DR ROl ) v aNy BT
A FEE DO IRE) A 5 25 % FEMEE = DA EHE 46 % &
o7, B2 TR L77Z CSL KB iR Tid,
PRIGEER 5 12K SN B AT DAREA 52 % T FEMRER
Hi348 % THD . HMERPEMRIIR Y THE &
545,

Cylinder head Liner wall
1% 1%
Gear shafts Cylinder
19 % Pressure
‘ 28 %
Main bearing
(mechanical) . .
Main bearing
24 % .
(combustion)
26 %

11 FERFERCLDIIVVCEEFESERIMMER

(2000 rpm £ &%)
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5.3 BEF5FROKREE

K11 TR LTy VESEHRSEDI B, %WE%
HTHEDOKRENT 5V o fili5z L XX RS O 5
GO EBGET 5720, fch%“hﬁzfﬁﬁﬁﬂ%m
OBFREALEFYT MU E R AT, BEET S
LOEAEFE L7,

B O RLTIE. B2 P HOEROE
BAEAE270 g BREAL Lz, HiZ, [EMEIb A RS L
572855 mmEL{Lzayay ¥ %@éﬁ? L7z, wEml
BOEBH T — 2 & FHOTSERDEE & BT
I EIT 572824, R12 1R T &7 5V 7z
IRBOFEMK 5575 2.6 dB KK L. &K H1% 0.5 dB
K L7, FM LAY VEREIZ 0.5 dB DIk L.
BEOE R E Bz,

mBase
m Light weight

i II

Actual

Sound pressure level [dBA]

Main bearlng
(mechanical)

12 FEEREERRICK SRR

Synsesis

FYEHRBOER S 2 5L OMEETIE, FY LAY
IR L TR U — XY Ok 1 #8452
ET, YT MUK AFVllRE) O O VB
B X7 RE T, a5z 0 Lz, B13 12
Tk Sc. EYEHESOE S 513 0.9 dB Kk L.
BRI 0.3 dBIKIR L7z, MLz ¥ v B
0.2 dB DI THD . GEE DEA & L ik —3K
L7,

= Base

<

g m Gear modified -0.2
< || 5dBA 0.3
2

(<5}

2

2 09

o

o]

c

=)

o

w

Gear Actual

Synsesis

13 FYT ML ERICKDREER

ZNEDOMEERER TR, RSSO R LD
VA= XY OIFRIR ST % BN & B 72 BEO X R R A
ZNZFHIVHOOE S E LTH N, B2, AE
DZALEAFN L=y OV BRSO & RIS T
5Z8h6, BEFHEOREITE L. AT
& B E RN A O R Shiz,

6 HHUIC

R EHEET 4 — LTy OV ICFEBE TPA
AL, VY VBRSO BRERE IR T O RS & O
RINEEZ 2GS & LIAERORIE L Ly D VRS
DOFEIZED, FEEE SO S 522 79 o]
BEThAHI AR LIz, HIZ, 77V iikE) %o 5
YA R bR OB 53 & A N HEE K O BRIFERK:
T HE L7zdp LICFERRME) TPA #H §5Z & TH
PR TS O FEM o3 B A 17 RS OMGET & TRl
L7z RAROHHMETH S, THUTXD ., FERHBMH
TPA 28H LT 1 —¥ LTy oV Tld, 272
2 IRE ORI 53 & -V il B) O Bk & 25 G- 23 B ek
HOHRTRENZEDHMEICE 572, T2, BEEHER
o EREHFGEORYME AT EEH WM BRI
Meat O RED IR iz,
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Study of Waste Heat Recovery Organic Rankine Cycle for Heavy-Duty Commercial Vehicle

M A

fEA B

Hitoshi Aizono Susumu Fukunaga
Bl I SER*
Makoto Abe Kota Kato

E B

TERE R B S E T A T2 L LT, PR EE I L
BB BRERIE T VR VA VN AT L
TR URRET L7,

PERBERL - B AL DL b a7 4y b 2T LR
2R B RESGERN R A MDD LN TET,

AhaTid, BETOB\REL R, KUY 2T 4 LD
B BIOWTRNS,

AE A

Tomofuyu Matsuuki
=+ 3
mik R

Hirofumi Yoshinaga

PREY MR

Masaki Asano

Abstract

The waste heat recovery Rankine cycle system, which
recovers exhaust heat and converts it into power, was
installed in an actual machine and examined as an item
to improve fuel consumption in the future. The fuel
consumption improvement effect by mounting a retrofit
system of exhaust heat recovery and power regeneration
was confirmed. This report describes the process of the
examination and the results and problems of the
system.

1 [FU&IC

HBEJHEZERIL 100 FI2—EDOREFEH o, Bl
R EPIRBICOBIE AL HBHIZ CN (H—F v
=a— bFFJ)L: Carbon Neutral) Hijo & &4k A3 1
ML T0%, CN HMjDO 2T, W M fikidet 2 A
VY77 I AILF — OB KIRDUZ KO Z T § 5755,
1IN T L D12 2030 LIRS 5 Z 5t & INIRHEES D
Ba5EhZB sk s CO, PR HIAEE TH 5,

Mainstreaming Carbon-Neutral Vehicles

Tha phasad process of mainstraaming CA vohicles  from RED to domanstration to aady and mainstream markat adoption
=will vary by region and country depending on local enengy and transportation infrastructure.

Hewever, based on various projections of socktal change, we sxpect CN vahickes will steadily gain traction as the most
predominant market option.

*ICEV {Intemal-Combustion Engine Vehicle):vehicles powered by fuels such as diesel, gas an uels,
*CN fualks: carbon neutral fuels such as bio fuels and synthetic fuels derived from renewable energies

1 CNEEZERAX—Y

F B I R BEBE D Bl =13, LRI 7 e A0
B TNH, TN TERATILF —DF55 L EiR,

FEE L LTI TS, ZOREENA L, Hi b
sham L& HiE L2 KR HE O R 5 % < Wi
ENTNBH, Wihd KITHEV (Hybrid Electric
Vehicle) &ENIA WHR (BEEnlY : Waste Heat
Recovery) EEHEDMAEETHD., ATV LT L
LB el Tt 572 V0,

KRG T A — A, K OREHE IR
T2EMEEDOEAL, FED=— X &7
EME L Ny T — A NTE — & 75 E DB NIEERE 23D
BLEEEID, Va7 4y VeV AT LEAVET b
2. B hA: WHR %6 2 B % Ui i85 (DU,
[, WHR ¥ 27 4] £F58) L=,

INETIZE, KMy o2& v F: 04
AN AT LIZKD BT 2T LTI OREHE K
OV AR O 1 PRS2 W L @, 220
LTV AT AT & FHOT, Ed T RO R E S E
HIEEZ 3~4 % & L7z, BICHIRTIZT v F o942
N EEGLBMEBNEY 2T LAETLARESEL, T— N E
FrEED T R HFE ROV T L Tng 7

AfeCid, HEmRE A A B, BIEEE O K
Wb ba7 4y bR WHR 227 41200, &
2T LDi%EL - MG R OE FRERIZK S 27 4
FIRIREED S, ¥ v V&4 FE|IZK D HlRE 5T %
15720 TONEEIRRD,

g s gL ZE AT
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2 ZURIYAUIVER

IYVVIRBEEGRE LTI U, RSk (k=)
ERRDAKEED., RO LT — 12X IR
(# = V%) ZEE§EY 274 ThHD, T7VFVHA
Y AT b e B L7238 OB EX %X 2 12
N,

@return into liquid

2 VATLIEE

EI B H AL, PEA LR O T 3L — 125t
L. #9960 %I3EE LTRRUSIET TS, ZORET
FIF — 2 BT 55D —DE LTI vF Ao
LHWERTHBEE Z 72, NIRRT HL O 1)L F —
Ja—%R 3187,

Mechanical

Thermal

Energy

Exhaust gases

Thermal radia
o
N s

X3 AEEEOIZIL¥—70—

Cooling Wate:

3 HAREERUVHRENS

R L2 il DL AR 1 1R L. ¥ 2T A ORI
X %R 4128 F, N— 2L LdjE, ENFER b E
Z N H IR 7 2N A L7 GVW (R e
& 1 Gross Vehicle Weight) 20 t#H —TRDE
FREERTU N 2 o 2T D | PEXE 9.839 L. DPD (4
HY 7T 25 L3 Diesel Particulate Defuser) &K
¥ SCR (R fil 4 3% JC : Selective Catalytic
Reduction) 2+ v =22 L7z ATS (fR AL :
After Treatment System) % fifi 2T\ 5,

1 ElE#ET
Wehicle model CYLTICNED
Moddl 6UZ1-TCS (9.839cc)
Engine |Regulationlevel |PPNLT
ATS DPDH+SCR Canning
Transmission model MIX12P

= Working Fluid High Pressure

w— Working Fluid Low Pressure WHR System
ﬁm- Exhaust Valve 485
Coolant .
- Exhaust Gas

© Measurement

Take In Condenser

t
Sub W/P

X4 PRFLEIREX

AWFZE THW= WHR ¥ 27 413, ATS D%
ATHRUBEZ LT IZEk 5T, T/SKRL — & (FK%
) SN A M T 2 EYEZ BV AT L Els 5T
%, WHR Y 27413, TF 2508 ([EE) - 3K
V=4 - K@mavrsoy (Ee) - V=g v o -
T 4 — PRV T THER S5 B AT PTI(T
axXITY v 7 bFKARIST — T4 74V Power
Take In) I2&k>T7ux5> v 7 Mzl L7z, WHR
VAT LF, WINEGR A iRKITT S Bl e LA T
FEEE. AR T IOLE — 2 BIRBII DR 720D G
B - YOV AT A B GO — IV AT AR
WALIZES L, AV OFLL 27 4 DB% 4% HIE L=,

IFZNHNE6 V) UAFHRIL T R vy LEZ MY
HAT, WEBIZAFERRA DTN E Y% 2% EBV (T
F 2 HINAISZNLT  Expander Bypass Valve)
i A T3, TF 2V FIETY Y Y OPERERIL
HIZAYE, 2V v MEIRROEHIZLS) — 7 BRI E
PHARIFMIOZE T, AR — bR iz k5 FAE s AR
IR S OB IS K D508 7 » 7, flifhEx L7
R LARBNE R R O I L & 17 > 72, /WKLY — 213
INT = T4V eFa—TDhora7a—ffke
55T, IR & £ b2 O %
Ho 7z, KTV F o437 — MRERERIOH Y v 8T
Ol o> TED, YUY OEHIKEST Y o —
ARV TIZKOIEER S5, BHRERRIE FWC (7
V2 ATy FZXHEEE : Free Wheel Clutch) %
fiiZ, 7axX7v v 7 AR TF 200 KA T
F O E MR A [ S hGE), TV Y VIO EA
IZDWTIARZ PR Z b Fr R BHHIE A R OME 2 5 48
He3, WHR ¥ 27 A8 OA ) DF)LHilfH 2 REEE L
77, B EikEi i, WHR Y A7 240K VvK—%2 b
13 H G A AR U7 SIS TR U7, i EAER
XY v VHAAFETGVW25 t, BREGIRE 25 Clodk
E UadEfT € — F & e e TRt L7z, £ —
FEFTRERATIZIZEE 80 km/h T WHR ¥ 27 4%
TR - B X e s &, HilifEd, WHR V27
L8 IEIRTE D & BAN 2 BRAG U7z MRERR RIS DWTE,
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HE OB R E G 2 - O TBORHBLAE 1S Bt
LHIE L7z HlOTF 250 £ L2, & EikER T
il bvo X — 212K FHHIU 722 % 2080 & Dl v
27 Ze R OEBIAIE 1) & 2% 20 S0 & aldis g & S
U7z fHERBRBHZ. [EIN JIS2 5 BUE D 4 Fvy/z,

4 PJATLEFE

4.1 BRDZETE

BT 2 BT 2 VAR, EGR (FEH A 2 11
fiiB% : Exhaust Gas Recirculation) 2% H20, 5
EHIPE A ZANDEE A EE L ATS D% A2 5Bl
L7z, £ OBTINF — A HCA DI PR E » 5D
RRURER A P2 B2 B 0 . PEXE DR IR &
U CHiEA 2 BT L7z,

[ 5% ZJE O RET 2B 5 12T,

Base System
(from Exhaust Pipe)

Exhaust heat
insulation

Increased heat
S=source N.‘l'l'lp(‘l'l'ltlll‘l.'

~Addition nf_
—— T O
From 2

Coolant . 3

From EGR

5 [EYRGIEDREE

4.2 EENRIEDETE

TEB AR O B RS & 3 RS # B LT+ 2
ISV ZEI ORI R AZTH &, 7L =L Rty
Oy R E D BAES DB E PHIL 7z, KOATIE
ATFREDEREN D 5720, g s ) — )L %R
L7z,

FEEhF A E NS & 2 BN A2 MG L=l AR 6 (2

NN
Prediction of fuel consumption effect
(6UZ1-TCS, 25 ton. 80 km/h Road-Load)
Wi [ igerant Exhaust Heat & Alcohol
Turbine Turbine

EGR Gas Caolant

EGR Cooler| EGR g E
Coolant Exhaust Gas -] i,

T 5 = ] 5 il 5

H g 5 g 5

g i g £ E

il & i 5 g !

3 i Feed Pump 2 = Feed Pump

£ £

= E

£ E

=3 -3

g g

" (55

3 z

R245fa R134a Ethanol Water

6 {FENRIFDRE

4.3 EEFADETE

Y L= 3L — i i3d8h ., &, ROE
HaEnEzZons, @jn4 GBI L7z 300
F—WERCHA IV TS BERH L7280, B
BHECHDTHEAS FRICEN 2SS, 7272
FNF —ZrD R EE E T ILE — &5 g, KU
VAT ANMBEERDEE, IZMOTEIAR LS,
BEAED Bt ANHLAGA AT L B ADZE R A3 5
<. FHEHOHHR AT 6 By a4 77 Az R H
L7z,

M4 XOMET AR 7 1285

Mechanical power Electric power
~___regeneration || regeneration
Evaporator Pump  Generator

. Batgery \ 5

Hydraulic power
regeneration |

Accumulater

Expangder

o .:fj'_"l'd'muficpump
Hydraulic Motor

1. Less efficient than 1. Efficiency better than

power regeneration

2.F

I. Efficient as it is
mechanica

2. Return to driveline at
lllL‘ same hime as |\|Il[|ll[

rneTative energy

: 2. Regenerative energy
stored(long time) I

can be stored (short
time)

3. Easy rate into | 3. Requires applications

stems that use

5 and syster 3. Requires applications
4. Simple 1o control electricity l\nﬂ _zj_\:-[u_nh that use
4. complicated to contro| | Pydraulic
4. complicated to control

7 IXIF—EEFXDOREE

14§ 2 S (3PS & KLY — 2R itk %
PEREI & 2 2 M. ¥ /A4 XICER LB ST aRT
kAT A BRI L7z,

BRI ORGHER 2R 2 18T,

x2 BHCERBOKREER

< Better than existing parts and other methods

S Technical
challenges

Cost | Difficulty | Weight | Safety

Over for
TIM side PTO wﬁ'_ (o] o] A o A me__w""‘
T/M built-in (o] (o] Reliability and
rear cover PTI MC)H; ...3_.. _ﬁu i n.-e- R0 o m""“
Propeller shaft [e] (] (%] Mhbi_liqnﬂ
o ] Pa
T Sy el B ube p O S

4.4 SAFLDO1=v ME

WHR ¥ 27 A3 EKAG0 & SR L2 Hvwa2 = b
b&fT-72, AaVFE -3V OEHE2=y MLIZK
DA E X8, TVRLY =20 ATS \DE
B RO Ty R — v M ORREEA 5 Z &Itk
D PR ERER B A 5 72, THEA & E Loy —
I3 DECRENZ & B # i ORECR 217 > 72

VAT LDAI=y MUBETHERAF 3 ITRT

HEE - MELZ-H# WHR v 2572 24, C, H
AR U IR & B il & 17 - 72

2= MELZZHEKKX WHR ¥ 27 4 & PTI O
R AR 81T T,
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%3 VAFLaZvy Mg

Pattern-1 Pattern-2 Pattern-3
. = E r
| o | ST G
——— P e
::‘::ﬂu_:::m Mizin ey Requires shape ;:H-mg\: of dfTuser
Bypass no difference
T/M unloading no difference
Access no difference
Jownt pipe length no difference
Evaporator heat A
dissipation fit in the housing fit in the housing Cornplex shape
Fok peshmire W \\MI!‘II;L' trend wor.wn‘il;u trend good
Rel’ngemn': pipe no difference
Performance Jeogth - 7 1 ———
R”::'Wl Bad direction of |  Bad direction of
charging evaporator evaporator
electries] Copling u:nnl;u;n‘n waorse ~rnl|l:||iu‘n Worse goud ventilation
Condensed water
measurcs
Production Mountebility N profrusion Mo prodrusion Evaporator .pnﬂnl\lul
Weight Bracket weight hn:.n.\'\- hr‘:l; Yy beticr than P-1/2

After

Working fluid circuit

closed loop

PTI Gear Box
(with one way clutch)

i 2nd PROP/SHAFT
8 WHR Y XFL1=y MEREL

5 E#NX WHR ¥ Z7 AflHH

5.1 HEEIZATLHIE

Hiflj & DWW AT S 20K 4 ISR THME - T
LV—F T Lz, B9 ISkl e 7 = — bk —7
FEREDHIE 7 1 — %2 7R§,

I O EE ATy OV EEI» S . PERRE O
LEW (M) A HASEREORZGT 5. M
M ETIRE TR R A EIRREIC 5 5 &
EBV 20z, #hREICKSE 7Y 2 N 2BAT 5,
IF 23V ZE EBV QY ZDATHE) v e 2L
T AR — MEREA A TORW=D, Ty T E
LIF 280 &4 Ol % sl L7=D% EBV & U)%
ABEII Uz, 20 FIA O RGBSR IZIZ
EBV Tl 20 4, BT 2 b 2 E1E§5 4512
L7zo FIANDRGEER A 5L 5L EBV % FEY)
B RFOTVA Ml AL Lz, RNk ) —
IFRAERZE, VAT LREHEY - Z2ELT
7 x— Nt —THREA ML, ) — R ERRICa Y
K=V T — ZWA U sabeE 4%, /F8)
VARDIRIE - FE I EOGA s A L, POR Lk
WA BRI (EAAT 3B R RE A 3% 1) 7=,

N - 4
Fk4 EHEHDATLHIE
Engine status| Stopping [ Running
Parkin, l':p alwdye
£ wop | With brakes
key OFF] ON
ignition OFF ON
wi |wio| w/
QBlY " | fail | fail Em'll
[Parking brake| - close |
accel - OFF

vehicle status runming

=

wio fail

open
ON_[ OFF

clutch - engage
gear position | - N > Ist I N
Vehicle speed | - 0 [ > 1km/h
Foot brake - =l -fl-1-1-1-1- ON OFF
Awdary ||| -] -|-]-]-|- lorron|onjorron| o
coolingfam | - | - [ -T-1 engage [-T-T-T-T-T--01-7-
Exhaust > 150 °C
temperature
Coolant
temperature |

SPIA

230A3D JO SRS

ail :
temperature

> 10°C

Super heat
WHR mode Off

WHR Run
SW
Exhaust

Bypass - ON
SW
Expander
Bypass - ON
SW

System
Off

OFF

HHM

FETTIITE]
HHM 01 [rudis

l Startup control flow | I Abnormality determination sequence

Foays ANjeuLouqy,

—

Loyt amssasg—J L—:algu.u] amesadui _]_J

9 IREIFIEIET T —ILt— TR

5.2 WHR ¥ X7 Ll

WHR ¥ 2 7 & O 8 & [0l 4 i o % 2 8)4E 2 JH
W, AEEIFA OIS & E 312 X2 M\ EE g 4 R L
720 MEEIFRIARIEIE CHE CTh - THIEIZ & > TIRE
WAL 578, ZZ5LOHIHnIEEE 12 K0 IRREHE
BAVETH S, MBEIFETF 230 & IO 0 EgE
AHENZ, BEEE A5 EmEIRMCRITT5L91C
L7z RS HES ZA LT —DEHIZKD A — L
[l L m A 27 ANOBE ST I L2 Hy, =
F 2080 4 ALIOD S EE % B Hl# L7z,

WEERIEOT T 2 KER 10 1258,
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LPF : Low Pass Filter
Exhaust temperature —————————>| Feed forward

\L Exhaust flow LPF map

+

- |+ + l

Target nll]aptot c l:l,I " O Feed SEPe:
superhea ) ontroller Speed | Pump eal

10 BREHEOTOY 7K

g, PR EICIB U727 4 — FARY T Ollx
BleZBcKOREL, 74— F7x7—-Fv oy 7%
FERC U7z, BRI & Wi O S s 2 IS b 357
D AT TAPRIRIZT — ST 4 LB AT T 4 —
FARY TR OR LA () EIfEEI A7, HE
K fE 26 7z B SRS < «» 7% RGE Uiz, B iE
B L IR EE DR ZE % PI (Proportion Integral)
HIFICT 4 — KNy & Uz, B Ll Tl B il 4
FEAE U, BAEENE OIRDL % W 203 6 HLEGHI A 2 1
L7,

5.3 EFEITICK S HIERESE

o U Bl TR L Bk Y 2 7 4 O Hil BN A
Rl L7z, WHRIZXB 7Y A MIRFED 88 km/h —7E
BRSO EHIE ST, HEEEE25 5 km/h jddi L
T, FIEEEOT > 2 MME L - GBI O EBIRI %
11189,

[88km/h 12 GVW 25 ton |

1 10kmh

1 H

b H b

i H
W

PN T ¥

IR i H

(81 T T

Vehicle speed
[km/h]

Expander speed
[rpm]

1 1000 rpm
: | took time to
i ,{ recover

i1 Assist stop
N roww |5 ek

[kW]

Expander Power cal

— T

Assist stop E 300 rpm

request

Expander ||
Bypass SW 1!

Feed pump speed
[rpm]

Expander Bypass SW
Exhaust Bypass SW

Time [sec]

11 T —xTFH6E

R AN oD RGREREFIZIE EBY 20 252
ETCIF SV A A G KD, 7Y AP HBEFRL
EIE LTS, ZOE, 13280 £k LT
WV FWC OBREIZX D, ZE[aD L TR TT

22 MIT - QO FINBREFIZIE FWC 215 7=
[\ 35 [E 3 X412 EBV QU ZDATT Y A MM E
IREAT 5 72, Blj5EE WHR Y A7 4 RBBICk 5T
T FWC & L7-Hit8 % B8 42 BWEBH 5,

6 HRBRERRUVEE

6.1 RBEHE

PR RIRIUZ OO TR 12 128, Bifjo s — K
F v =Yy OS5 ATS AOKRU, ATS HO256T
INERL — 2 ADOPERE & /3R — 2 AR 2L
A A, PRERR 21T 5 720 PEXEE ORI T 4
VAEFH CIEAE DN EWT T VU E A E S T8 I2 kB %
RaEMH - 720 TRY — ZAERADRRIZEAS gz D
JREGEGE, AR AAO B ke A - 72,
PRImANR 2 R 13 1T, fasknl & [R5 &KL —
A NHENB PEXIRE X +33 C. mF 20 2 ik
+0.9 kW DI LA iR T 7=,

T/C outlet ~ AFS inlet (Including flange

_‘h-_ -
Before

Evaporator heat insulation

12 Br#hadsR

[88 kmm 12 GVW 25 ton |

-0~ without insulation
insulation

1" 50 degC O~ Exhaust pipe and evapor
:Sa Expander Power
b 6\8\ +33 degC  H09 kKW
é T/C outlet ) Q ‘9]
i ] After treatment -0
g inlet After treatment
& outlet - Evaporator

mnlet

13 Er#hzhR
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6.2 EMETHROER

14 12 EdE & S — P o =il SRR 0D # 5
AT KNI — 2 LA B HIOMERE R L,

B WHR ¥ 27 AICKBEIRELTE, &
HEHT 1.7 %, E0#EET— FT 1.6 % OREHIREhR
EER L7z, ZOFER,S HEE LD Wy (JE) BElZOW
TEZELZ,

GVW 25 ton
k| 1.0 kW E { 1.0 kWh
g y ¢ J
o=
=5 oE
ot o
1 E ﬁ
[ +0.8 % T
5. e 0.5 lunm’LJL § 0.5 km/L
g‘-—- T +1.7% . E""‘ :
mE L4 3
25 g +1.6 %
G= o= o
E z
= =
Base WHR Base WHR Base WHR
80 km/h woT High Way

14 EmEBRER

PERNEABGAE - ST A b — L - [a)E BUERE I O K
%L 3065,

I HUEAT R L COET RIS & B HEXUREIS T K&
OWHR Y27 LD7 Y A b CETAMIERIZ X5 HE
KA L., EF LY I 2L —Y 3 YV TIREELTY
BN ABEAIZTREE S 727208 F 25,

By HAETIE Ly T &R <Coic, HIBRE T
F 2NV E HINISAE— FIZLTHAE TV R b 251
THREDRDHS, B 15 1R T LI EEE — F Tl
BREDTL — FNA A E FOHBE WHR VY 2T 4
BRI 915 % &0, NT7.8%HMHEETS A%
EIEL T3 IRETH S,

War® up

15 BREITE—FTD WHR ¥ 2T LkEFE

TV —FIASZDHIHIEIET 4 — ARV T O E
EFET 720, FEARESI A b =L LTLEWD,
FEHERE T4 657 CTHBD, B16 12T
KTV — A S A S D1 S g1 ] AE
DK P E TS,

Hilj £ TRE2 S WHR Y A7 2D EDSEE 5 E
T2.00REIP>TND, VAT LAY + —LT v T
FIHDFEERIT > QBB ERLWENBETH D,

I Highway Mode GVW 25 ton l

_’[; 50 degC 1.0 kW 1
: /,-Exhaust gas Temperature
i |

f h‘ \\ lthunt B?akl. b\fpa.ui

I Uw *ﬁ;

0 500 1000 1500 2000 2500 3000 3500 4000 [sec]

16 TL—F/N\A /N ZHEICHITHEEEET

Temperature [degC]
Expéuder Power cal [KW]

7 &HUIC

Hi# WHR ¥ 27 2D )T - SFRBGE A 17 - 7265
B.(1) 75 (4) DA E SN,

(1) By 2 a3 2 B, PERE - FEdE - %
X A4 R Tas ik A 5 R AR L
B ANIER L7z,

(2) B BT ETRBIC LR T = — )L
Y- THREAEAL, VATLAREROY AT
LEILY =V ABEA LT,

(3) TEEhRA AR o mEEcaYy bu— )45
Z &C WHR WA B IE & [ 4: 15 0> 22 5 Bl 1 3 v]
BE 20 AT IR A R EE L7z

(4) ¥ v ¥ & A FE|ICTHMEST GG 2 F2hE L7z,
HEFEANAE S VR VA 2LV 2T L2 D
REDRE U EEE T 1.7 %, EfE—
R T 1.6 % OBREHITRED R A ffERd L7z,

AFiE 2023 {FHBHEIGHN S HETRSPNGERHS

A PRI SRS A IR IE D E#iE 3
5EDTH5,
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Automotive Engineering Exposition 2023 Hosted by JSAE

® §F

Attt FEN BB 2 28 T 95 BB H il
JBIANELBEDT7 7 uy —# 2023 (LU, [AF2
J#2023] &%) ZHESE LA HESE TR,
22021 R KD EAZFAKB LAY T4 VEIRED
[RIEBHME L D E L7,

AR TE, FI2T S ORRANFIZODNTRITLE T,

fil - A=
Kazuhiko Sakaki

Abstract

“Automotive Engineering Exposition 2023” hosted by
the Society of Automotive Engineers of Japan, Inc. was
held in Yokohama and Nagoya. Furthermore, the
exhibition was held at the same time as the online
exhibition which was introduced in 2021.

This article introduces the situation of the
exhibitions.

1 12UBIC

ANT2E 20231, HARZZICOD L KDOE - Hgh
2050 FF-DH — ARV = 2 — b FILOFEFUT BN,
TICH e ekt 2 A FEBIT 572002, [HAl] & T
BRIl #F—T—PNIZ, ZOMEE FicHs [ HAEERS
LEd ! H—ARv=a2— I, ZOHROMERMtLS
~N] E2a—HviciEFooagT Y,

WS, ZDAT —H Y ES LR O IZE
T3 IR S OO T O AE BT L ET,

2 ATV 2023 DREME

ANELBEDT I /0y — BTy V=T ALY
=y ke U HRR KR D B8 5 T3,
W s (FEL R O T — L & ik o BB g
WcHig &, BR2ZFEDEHIHELTHHLTH
9,

(2023 41 DB IR

NV T 4 At 5 H24 H (k) ~26 H (£)

Aichi Sky Expo: 7 H5H (k) ~7H (%

Avo4v: 5H1TH (K) ~6 H7 H (K)
6 H28 H (k) ~7H19H (X&)

AT RE 202313, HEJH X —H —DiEFH, HEjHE
BEENSE, A5 4 TR N EARE, £2<DEK
AR S RWICIRDWAAEE L,

n¥. KGEBRIIROO, @DEEN T, W% K
%< kR FELE Y,
O AT 2023 HEi
2R $:63,810 %
@ A7 2023 452
DRI E$5:25,497 %4

3 W THRISOWT

3.1 W s HEBE

WS T — 2 TIEHEEIE N fERTA S BN LT
WEEREE - SR 4 2o Ty FIZBE 5 i o4k
OIS, ROO~B &It LE Lz,

@ FrEL 117 4ERDICTINETFLF 2 VY LT
BIT)LT DIFEH % IR,

@ HEE2: AL T AL TV 589 B
AMT (Automated Manual Transmission) ®,
ISIM (7 4 ¥ 4 :Isuzu Smooth Intelligent
TransMission) OFEBK % B,

@ BREEHA A AT 2 —T)L-FCV (RFIEMEA
FfjHi:Fuel Cell Vehicle) *-BEV (/Yy 71—
B H B H - Battery Electric Vehicle) &.
EV (X EBH : Electric Vehicle) ME AR
A - B AGREO R - SR OB EAL - H 25 Wik
F# ft 2 & % PDCA (Plan. Do. Check.
Action) THHR—=FFBb—=FNVYY) 2 - 3V
7075 L Thb, EVision I

* el SR A e 5
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@ SRS IVETFLF 2 v LI
TG U 72 R A2 O — i & F8 7T
® axr7 v P HlgOMITIRILE ) 724
LICHUE, 7 — 2@ L. & s TS A 4T
5 MIMAMORI, K OR5E BB FI D7D i
ERIRCBIS, 722071 LT 8 b Tl
R K A% 5 . PREISM Bf# 4K — tiZ2oWT,
FEHEE FHOTHAT,
2uER (B1. B2) TONEEWEN TEEERA
DEBD, VT4 2T SpILE & B 4 R
LE L7, ds. £ RS RRE O B i d i
INT — AT FEH (R3) OFEFEERELE L,

*1 SBBTAR

FEIT N R

HRlT L FEH L, B
ISIM 5 NIPAS PN 11
INAFT a—x )b vz
Fov VA= VI )i}
BEV SFIL, B
otz XTI, B
axs7y R PRIV, B TER
B FH, L, B
GBSO
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