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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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Outline of 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

= 5

R EH — Ay = 2 — b FILOEFHANEGE O 5
FNIZIBABNRL . 17THERDITHITILTDTILETIL
F x UVIZEYE, ETTPOREINR A Z O A2 e
1295327 EV (BXHBH : Electric Vehicle) @
BT 24T - 720 BEEEZ LI NIRRT,

ik e

Jun Homizu

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
Fhil - T (R NI HE e 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),

X1 ISIM Ay METIVE

2 FHEDORLL

EWBREMERE LA — Y — F A4 T D= — X6 A
HRL, HROHWEXRD 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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Vehicle Speed [km/h]
2 FETHILTUREEHOLE

2.2 Bhi-41—I—RNo1 7148k

BXYEANOEHIL, T 27Ty FOHNTEZ
12&k325 9 FERERMA L, LB a2 v D
FAC LD MBEEE, FOERR D ThOEE & R F
FTANPLELEE AR ohbsLE812, BRI3ITRTE
B, 24— —THAE L TQNZEHIED MLy i) %
L. THFEH A/T (Automatic Transmission)
R OBEFEOLNE R AR L LTz, 2, 2L —
Y= LRRRIZFER DTV — R o T 7 &R L,
INF TR FEA S TS BT e 6t MEre. ROl
MR PERE 2 KK LB,
No torque 5th

interruption
4th

ISIM

- Smoother
o===""4th

td
s/
’
4
’
-Torque interruption

—-/-" 3rd
2nd —Torque interruption

3rd

2nd

Vehicle speed

Time
3 INEERED EEER

2.3 BE- O /N7 M

F= RS S OV U 7= 2 B M O bz &
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BEA LA EK LTS,

3 T/MiEE

ISIM D kE3E Wrai X M S FE ey — FER O E
ERI4I12RT, B — PEEOE X UREL 3.1
Bi~3.5 HICCHHT A,

Fluid Coupling
Dual Clutch  Gear Shift Unit (GSU)
I
= -
= I
Il
S =
=
Hydraulic .
Circuit Gear Train

4 ISIM (MYR9 &) #&&MmX

3.1 BERIIV—KHyTVT
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7 HEBEEEX

TMinput .. //&

Pump Drive Chain-..
~Accelerated
" Trochoid Pump

8 #F7ty rKXAAIKLT
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DISC&PLATE DISC&PLATE
(Odd Gear)

(Even Gear)

PISTON
(0dd Gear)

PISTON
(Even Gear)
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| Primary Reduction Gearset
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4th Gear
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L il
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7th Gear (Direct Drive 8th Gear 9th Gear

2.

B 11

3.4.2 BRI

FY LA VEBDIRER N O HIARIK D720, K7
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
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VHERERH L, AL —H%—D GSU TIERLEZ 5
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Torque Flow in Each Gear Position
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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.
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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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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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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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Application of Optical Analysis Technology to 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.
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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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About Vehicle Manufacturing Engineering of New ELF

EH T mr HORH REA  #aT* Wl A
Shinsuke Hatakeda Ryousuke Kikuta Souta Takaichi Yuusuke Ueki Shouji Makishima
2 g Abstract

17ESBDIZTLETFLF 2 VY LEHATIL T X
[JeteZe % - S HCEE OS] & [BFM&KE
BCOWERAENEFRE L] I2MA [2YR—-32 b
OEFE] &2, Fcave b NEBIMLENT 5 2
Thb,

Hii A FEF IR AF- & Bk U T T < JEEREREIC R L.
FROBBEIETA Y ZNX—Z2DHT, WA FEMED
ORI ERA LT, Eoy TLETALF 2 VY
RIS, BERTE TS L Eheh o 7= i S OVEpEE
D FREH DN THIN. T4~ OHGHL A% FAFE SR &
D HEEZZTHIT 5,

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

® F

Wy o i, # BY 9  AMT(Automated Manual
Transmission) ZEEEE TH5 [ISIM (7424
Isuzu Smooth Intelligent TransMission)] % BA¥
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. 77y & THEO TG RO THERFIZONT
HITET5,
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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.

1 (2UBIC

A, B 1 OLITHZEZIR RO MHIMZIR TH
B2ZEm5, 2L LAOIERT LEEART5 L. MK
BEZFD - MTHONRT v 7 -3z b7y TR TPHlIEH
720 T ZCREAERHN & BEAERA OWA &, I A b
VEAREICT S TR DL 55, h2 iz B
BVRFURTEMNZ A LTS, Ao v Ry v 7 b
DEI %Y v 7 FRIFRIS IR & O § % $oi Tk
ERLA R TR gy, SElida 2 b X
Dy FEBHET Ty 4 THEEMES L7228 T M
UV AT HIENTE,

2 TIEhER-WREM-RETIEHSR

2.1 TIEHH

Pl TIRIIAZL DI TAHED TEAHD . &1
Wi i UCili s TR 217 5 720 & LN
DO FRARITIRNT, 77y 2 TR, T2
FI2ERIEARE CTH S, /2. HFANIZITEHE
BIEETEHD . Uil dH BV REBICE 6 AD5H 5
itk & ERALORIBICHE L= TR THBZ 25,
TH) OB A T T 2 TihaHR- L,

xR1 TEBEE

I% R+ | AHEH | LB [ RYK | HE | EF
AL O (@) O O ) @)
EEEE X X @) X X -
HEITH @) X @) X X -
#i5 @) @) X X X -
O: 8 x:%

TEMOHMZRIZOOTR 1 1R, T3EICkD,
HMERB R DN F 783 T T 2 IR
b AL TTEO AL < BH DN ENT
EDbhb,

FEm

A -

= e

(b) IRk

777777
777777777

R ) A8
1 TEFEMAR

* BRI

— 113 —



WIS K 1355

2.2 xR}

2 1ICGMMTH DT T & Lk O
K ERT, #EZRISHG LT, 778y 2 THEEE
REHLY M TH D R ED) 5 & O — B DA
AEAT O BB E 85 . KW TlE. hEERoT
Ty 4 THEICTRE . B %17 5 72,

S e SR i

R H

N S

E&Y‘@:&R\\\“ =5
lg§§@§g§;§§:§§%§

PERAEM AR
(PZEER L")
7ItvEa Ik

Fx Lo IHAR
(PEHHY")
7FFrEvAR Ik

K448 i:5.18kg, F4E:SCM420H
4 5:1.209.5mm. HEE:Min ¢ 35.6mm

2 ¥vHhora70-7« LU REEMTAK

2.3 HETEHE

AHTS TR - R LAEBRICOWTE 3, &AIEE IS
DWTR 4 ~NIRT, 771y 4 TikE, fokide<TE
EBITLLFRETITY . THE 26 TR DA
AL E 6 T2y b 3528 T,. 1 Aa—
2123 LT 1 LREBE Shb, Uil Xtz ik 214 ~
Koy 3 v —2TH 1180 CETMEAE TS, BT
B LFRIZOWTRDDO~O®OIZR T,

O XY (BFHIEHRREEL S O7=DIZ A DT 5)
@ +FVY (HI290° [Bl#R UTHE X)) %)
® 1A FHAEITH ZET Vol. fidsr % Fiti)
@ B 2 #5A (NFEERODZE 1 H22)

® 2B 3 #A (NFERDZE 2 thZ2RE)

® EIEE (7 —2 &R RE ) 2 Y)8Ed)

B ILHEORFEHRIE, 0.5 mm Z&DY LG
NHHETH D . S EMBIORTE ZIHTFEEF O Tk
WE R R A 7213 T #E A R0
ELTRAETS0, BEROIZD BREICKS T
LB ENS PHERMIEH N RIAE RS,

D +¥xY |
90° [E1%x v
@ +¥xY |
ik g2 v
@ ZFfEA |
ik pgs ) v
@ EARA |
ik g2 L 4
® =3EA |
175 v
® FEfEE |
X3 BHTHETIIE
G
% \ . RUFHRLE
P : Nogay | OWEY

1T .
LEE 2 (OF K2

<EER> 7 om ?\@%Z?Eil
A

poe

©F 1k

[ 8 ooexy
4 SEFE-TRAIFERK

3 THBAR

3.1 MEFHBTUEEICLZIRRIE

MEEPEE o m Eicksaz gy 2 M EL, K
M & MRHR XA R L 1 KOME2 6 2 il 0 #5E
S Lk 54 Lz, MPRHEXHOAHE O I
BAR2IZRT, BRMEZERMIZTSZETH
16 % E0nM L5, BRM AR L2808 T
AR5 IR, BRI 1 HHO#EED » - (7.57
Ty T4 Y) THRIALFIZKD . YW TR A R
It & Uit &2 U4 [R5 (a)]. 2 IH
OfFET Y b (4.5 7Ry 254 ) TUJEEL=Y)
Wikt % FFOMEL - . ALK I KD A 5T %
FEHIT 2 TiEaE Lz [B5 (b)]. 272U, ALk
BAEEVED R w7 e BTENEN Y T 5 T T
L7,

x2 MEARIFIOSELY LB

FER#4(4.5UP) | RR#4(7.5UP)
RS 340mm 552mm
fAt1EE | 5.18kg 5.18Kkg
ttTE = 7.10kg/% 12.25kg/24
SEED 73.0% 84.6%

— 114 —



FEISIM D7 Tty 2 &iEA U Z28RE TiEDHELICDLT

N
=,

SN\
P22

RS
ez
LY

5 >
C;ﬁ— Cﬁﬁ$

(a) &0y MEIE (75" 7€y &)

W wemasm

S
O G

(b) $&E0y b2EE 45 77tEv &)
5 RR#M&HEBAULINY 77y TiETLE

3.2 FIIREICKZMERFDT L]

AR TIE B 6 DX HIZEAIERCOHEE b7 A IFIC,
S ELIVFNy FO/ZL HBRAE LN ORESE
NREL ST, fERTHEOLA AL [R7 (@)] T
A7y b by RS A 4 TR BGE CE A0
728, FRUCAA AL ZtE U TR AT - 72, T
ARG A Bl L7=s A A % [R7 ()] 19RT,

hN
KoFAyE R L n
t 3
TN
| I N ¥§
T NN

mEHEY
6 FIREKEEFICLSETH

B | s
o

RBET

Ttk

I
(a) ERS A KIS SEIFCE
>

ESLnn
| metan
Bk

BT
20N

(b) ¥4 1 FIL4EBIECE
7 &£BEE
RALIE Z WSk OIZ K 5 S EADREIZDONT
8IT/N T, B 2 A TR ~FRSLP & TR S
HlERARE T2 ZL T, NESOD RS E D
Max.3.03 12X LT Max.0.48 IZR{b L7,

EBUIRIRTLIR & 12 & B RIS E(N=5Ave.)
——RELHEIEL" —m-RELHESRE" —o—RERE
4.5

D]

*FEREBAL

FLREROIEDICKSD

X 8

HEADRE
4 HBbHYIC

Ty & Uz th g inE Tk W LR RE
L9252 enTE, S8, BEMLICKZEEL2 TH
END T &b M TR IEHEN S O T
e R AR S RN TEF DR EE N AN S PR A=
BHTCNET, RIRIS, ATIETOREPE. BT Ui
B L CBoiaR. RRatal. IR (8aghedl OB). %
DOMBIFRFE BRI Uy G 2 1 0 TR E#H O =
KB,

=l F

— 115 —



HE [FEBEILT - 717 —F]

HiE |SIM HITEEORE S EICONT

Inspection Method of New ISIM

® F

AT oL 728 &7z AMT (Automated
Manual Transmission) @ ISIM (74 ¥4 :1SUZU
Smooth Intelligent TransMission) ZHERTHE D 6
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FH L7z, ZNoOHEREIZKD . M7, SVEIRGEIC
VA S IOV UL R

ISIM O EFEAIZH 720D, M TREORAEIZDONT
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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

AVF o TITMA, WT S EYIDTORPEHRE LT

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,

LIRS Ny (2711 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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Ryuji Shiigai Hiroki Tsunemi Kouki Inoue Tomokazu Toujou Masashi Imamura
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Tomoharu Aoki Keisuke Nakamata Tasuku Saito Akira Nakanishi Hiroshi Yano

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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Mitsumasa Akagi Takashi Sakai

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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Outline of New GIGA
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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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Drivetrain of New GIGA
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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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Masaaki Yamamoto Kyoichi Shimada Shirou Ochiai Takaaki Inamori
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Nao Mizukami Kyoshirou Yamanaka Hikaru Ishii Tadashi Nakamura
2 B Abstract

W, 202342 HKD A 6UZ1-TC BTy
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AR A2 SBERRBE LD K TH 5 CO, P&

F]'J(ﬂi’\@ GRS E Ak, Ry VI LTK
M2 R B O B A 4T, 2025 41 B g e 4 3%

KT 4 =LYV ThD,

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
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Launched in 2004 as the Mimamori-kun Online
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.
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Optimized Vehicle Representative Input Measurement for
Increased Accuracy in Correlation of Exhaust System
Displacement Between Vehicle Test and CAE

Prashant Panneerselvam®™ Tharun Chillakuru®*

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  wusage 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
<
©
L
©
Q

x

. 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
Specifically, the
mandated the excitation of the system exclusively in

inherent

excited. standard procedure
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".

Verscal raemens puse

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
Test Procedure
(Excitation at Driver |«=
and Passenger Side
‘XS’ ‘Y’ and ‘Z’)

Standard Test
= Procedure (Excitation
at Driver Side ‘Z?)

Modal Transient
Response Analysis Modal Transien?
(Sol. 112 Nastran FEA Response Analysis |
Code) (Sol. 112 Nastran FEA
Code)

Results Comparison
(Muffler Displacement
PSDs, Test vs CAE
Accuracy, etc.)

_Pl Conclusions and Rec

Figure 4. Workflow Framework

Results Comparison

(Muffler Displacement e

PSDs, Test vs CAE
Accuracy, etc.)

dations I <
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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.

@ 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

@ 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)
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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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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.
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Study of Waste Heat Recovery Organic Rankine Cycle for Heavy-Duty Commercial Vehicle

ME A fek B
Hitoshi Aizono Susumu Fukunaga
Bl I SER*
Makoto Abe Kota Kato

® K
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Hirofumi Yoshinaga

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

The phased pro
~will vary by
However, based or
predominant marke!

of mainstre: amthN vehicles — from R&D to demonstration to rly nd mainstream market adoption
lef al e

|cesw|||sted|yg ntraction as the most

(135N et 10 e e 3§ ST T

[Fossil fuels]
2025

reening (decarbonization) of energy sources
R&D Early market (new) Mainstream market (replacement)

*|CEV (Internal-Combustion Engine Vehicle):vehicles powered by fuels such as diesel, gas and CN fuels.
*CN fuels: carbon neutral fuels such as bio fuels and synthetic fuels derived from renewable energies.
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H Bl = AR RS O Bsh #3372
BUFTCOBER, ZRTERATINLFT D50 Fid

FEERE LT T QW5 ZOFEENIE L, W5 E
hER i A HAE U722 KA H B O M2 K % < b
ENTNBH, Wihd KITHEV (Hybrid Electric
Vehicle) &ENIA WHR (BEEnlY : Waste Heat
Recovery) EEHEDMAEETHD., ATV LT L
ELTOA e Cldsh 572 V0,

KRG T A — A, K OREHE IR
T5EMEEDOEAL, FRDO=— X &z XN
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rﬁﬁiiﬁ WHR Y27 4| £EFR9) L7z,
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AN AT LIZKD BT 2T LTI OREHE K
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N EGOEENE Y 2T AT EREEEL, %-—l‘iﬁ
FrEED T R P RS RISVl LT @

Ak, g E A L HAVIZ, BN %30)/1\7:;
Wb ba7 4y bR WHR 227 41200, &
2T LDi%EE - SEEME R UE LREBRIZ LS 2T 4
TR S ¥ v V&4 FEIZK D iR E G %
15720 TONEEIRRD,
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Exhaust @steam drive
gas the expander

O
% @return into liquid
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Mechanical
Energy

Driving resistance

&

Auxiliaries
Friction

Thermal
Energy

2
2
=
-
3
3
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100%

Exhaust gases

Cooling Water,

Thermal radiati-.
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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
== Working Fluid Low Pressure

WHR System

Exhaust Valve 485 Evaporator

— Air

=== Coolant
Exhaust Gas
O Measurement

Radiator

X4 PRFLEIREX

AWFZE THW= WHR ¥ 27 413, ATS D%
AT OIE AT IZ&k 5T TNKRLY — 4 (Z5%8
) SN A M T 2 EYEZ BV AT L Els 5T
%, WHR Y 27413, TF 2508 ([EE) - 3K
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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
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F 2 HINAISZNLT  Expander Bypass Valve)
i A T3, TF 2V FIETY Y Y OPERERIL
HIZAYE, 2V v MEIRROEHIZLS) — 7 BRI E
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IR S OB IS K D508 7 » 7, flifhEx L7
R LARBNE R R O I L & 17 > 72, /WKLY — 213
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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
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il bvo X — 212K FHHIU 722 % 2080 & Dl v
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U7z fHERBRBHZ. [EIN JIS2 5 BUE D 4 Fvy/z,

4 JRAFLEFE

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
L7zo £ DFATINF — ZHGALIZIIPXE » B D
KRB W 5 BERH D . HEXE ORI IR &
U CHiEA 2 BT L7z,

92 B OMET 2R 5 18T,

Base System
(from Exhaust Pipe)

Exhaust heat
insulation

Increased heat

‘Addition of
—e e

> _heat source___

From
Coolant

X5 BEYRIEORERE

4.2 EENRIEDETE

TEB AR O B RS & 3 RS # B LT+ 2
INVEEIH ORI E TS &, 7T — L REIEIZT
Oy R E D BAES DB E PHIL 7z, KOATIE
ATFREDEREN D 5720, g s ) — )L %R
L77,

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

Prediction of fuel consumption effect
(6UZ1-TCS, 25 ton, 80 km/h Road-Load)

Exhaust Heat & Alcohol

Cooling Water Heat & Refrigerant
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5 5 2 5 5 s
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Ethanol Water

4.3 EEFADETE
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VAT LANMBEEEDER, IAMNEHTEIAELS,
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
regeneration

Hydraulic power
regeneration |

Electric power
regeneration

Evaporator ~< Pump  Generator
/ B f\ Accumulator
Expan/der \ att<ry @ /
PTU\ = (S AN )
Condenser == Votor H&Hy draulic P"‘"'P
Hydraulic Motor

1. Efficient as it is
mechanical

1. Less efficient than 1. Efficiency better than
power regeneration HEV

2. Return to driveline at
the same time as output
3. Easy to integrate into
existing systems

2. Regenerative energy

2. Regenerative energy
can be stored(long time)

can be stored (short
time)

3. Requires applications
and systems that use
hydraulic

4. complicated to control

X7 IZIX—EEFRANDEE

3. Requires applications
and systems that use
electricity

4. Simple to control .
4. complicated to control

143 2 M3 HER S L s B L — 25 kI kB
PEBEIRT & T A M, FY A XIBEN LD B T oS
kAT A& R L7z,

B HEEREOMEH R 2R 2 1TRT,

K2 BAHAEERBOKREER

O : Better than existing parts and other methods
£\ : Inferior to existing components or other methods

n
C S e
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Flywheel PTO. & ©) O A (@] A & | wHR
. A A Overspec for
WEEEDAO o e | © o 2 S A el | WER
T/M built-in O A A 190 A 190 O dR::::II ,1 :;y n:l:d
rear cover PTI Proximity ground clearance  Large backlash ooy, Development ity oA
Propeller shaft Reliability and
middle Insert o % | © ,90 A 90 ©) || dussbility not
Provi Replaceat Small backlash Development
e PTI imity bearing Bh e quivalent loPment ¢ guivalent verified

4.4 SAFLDO1=v ME

WHR ¥ 27 A3 EKAG0 & SR L2 Hvwa2 = b
b&fT-72, AaVFE -3V OEHE2=y MLIZK
D EEEME A E X7z, TNKL — 4D ATS N
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 LADI=y MUMETHERZF 3 ITRT,

HEE - MELZ-H# WHR v 2572 24, C, H
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o _ R L
. K A
Exhaust pipe Main Pass Requires shape change of diffuser

outlet direction -
ul irectl Bypass no difference

T/M unloading no difference

Maintenance

Access to components no difference

Joint pipe length no difference
O

Evaporator heat @] O AN
dissipation fit in the housing fit in the housing Complex shape
~ o)

Back pressure - ~
worsening trend good

worsening trend

Refrigerant pipe no difference
len
Performance S N
Refrigerant o N -
8 . Bad direction of Bad direction of O
charging
e\'apuralor ev uporalor

. . A A
electrical Cooling . .
ventilation worse ventilation worse

)
good ventilation

Condensed water

A N o)
et i o) o) A
Production Mountability No protrusion No protrusion _|Evaporator protrusion
) ) A A o)
Weight Bracket weight heav; heav better than P-1/2

After
y Treatment 4

»A

Exhaust pipe %
_,;5};&
Exhaust Valve
Expander
(steam — power)

Working fluid circuit
(closed loop)

PTI Gear Box
(with one way clutch)

8 WHR Y XFL1=y ME%E

2nd PROP/SHAFT

5 HE#X WHR > XFLEI#H

5.1 HEEIZATLHIE

Hiflj & DWW AT S 20K 4 ISR THME - T
V—FFIin Lz, B9 ICihEje 7 = — Lt —7
FEREDHIE 7 1 — %2 7R§,

s IEEEO IR ATy v iEEIN S . HEXIRE D
LEW (M) A HASEREORZGT 5. M
M ETIRE TR R A EIRREIC 5 5 &
EBV 20z, #hREICKSE 7Y 2 N 2BAT 5,
IF 23 ZZ EBV QYIS A DA THB v RE % LU
T AR — MEREA A TORW=D, Ty T E
LLF 230 & Olfn kg & Gl L7205 EBV % UJ%
ABEII Uz, 20 FIA O RGBSR IZIZ
EBV Tl 20 4, BT 2 b 2 E1E§5 4512
L7zo RIANORGHER A %L 25 L EBV 2 HEY)
B2 RFPONT A MAlE A TRE & U7z, fEBRIA Y —
FREWRCIE, VAT LAREHEY - Z2ELT
7 x— Nt —THREA ML, ) — R ERRICa Y
K—=F Y bTT — A BRAL-RambE 5, fE8)
VARDIRIE - FE I EOGA s A L, POR Lk
WIGEIERRENE (E BB B HEBE A 3% ) 72

x4 EEIXTLFE

Engine status| Stopping |

Running
temp)
lorary|

vehicle status
stop

key OFF] ON
ignition OFF ON

w/ |w/o| w/
OBD " | fail | fail | fail

Parking brake| - close [
accelerator - OFF

normal
running

slowdown

Parking with brakes

(Coasting]

wl/o fail

open
[ ON [ OFF

clutch - engage
gear position | - N > 1st [N
Vehicle speed | - 0 | > lkm/h
Foot brake O N B N B N N ON OFF
Auxiliary
brake
cooling fan - -1 -1- engage -1
Exhaust > 150 °C
temperature

AIIYIA

221A9p JO smyE)s

- |OFF|ON|ON|OFF|ON| OFF

Coolant

temperature - 1000 °

>
- [120] -
°C

0Oil
temperature

>10 °C

Super heat - -
WHR mode | Off Sycs)";"‘ Thermal Off

‘WHR Run
ON

Exhaust
Bypass - ON ON
SW
Expander
Bypass - ON ON
SW.

AHM
I3[0 U0d
UHA 03 [eusis

| Startup control flow | | Abnormality determination sequence |

Lty amnssarg—! l—mmu}[ amyeroduo lJ

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 5720, ZZKALO BRI EEYE 12k b IRREH
B BETH S, BB 2080 2 W 010 8 Bl
AZHENC, B A LMK FICRIT T K1
L7z RS HES ZA LT —DEHIZKD A — L
[l L m A 27 ANOBE ST I L2 Hy, =
F 2304 ACDEENE % B HI#E L7z,

WEVERIE DT T 5 7 X 2B 10 128§,
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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

P, PEXREISIB U727 4 — FRY 7Ol
BAFBIZKOEL, 74 —-FT7 4T —-Fvy 7%
FER U7z, HEXURIE L E O S Z SIS § 572
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
FREL . BIEEE OIRDL % T 753 6 HLf a2 #
Bl

5.3 EFEITICK S HlERESR
R ] TR U2z il > 2 7 4 O il iR E 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,
|88 km/h 12t GVW 25 ton|

) 10 km/h

Vehicle speed
[km/h]

Expander speed
[rpm]

1000 rpm |,

took time to
recover

Assist stop
$ Loww 17 quickly

[kw]

Expander Power cal

[B—— w/____.w

Expander
Bypass SW

Assist stop
request

Feed pump speed
[rpm]

Expander Bypass SW
Exhaust Bypass SW

Time [sec]

11 T —xTFH6E

R A0 6D GEEREFIZIZ EBY #0252
ETCIF 2SSV AT 1A% 50, TUA N AERL
B LTS, 2O, T3 28 A s E I 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 FREDNFE

PR RIRIUZ OO TR 12 128, Bifjo s — K
F v =Yy OS5 ATS AOKRU, ATS HO256T
INERL — 2 ADOPERE & /3R — 2 AR 2L
M A4 PRIEXIRZ 17T - 720 PEXRAEANDOXRIET 4
VAEFH CIEAE DN EWT T VU E A E S T8 I2 kB %
Rt 720 THRL — 2 KRAND 3R IZBE iz D
JREGEGE, AR AAO B ke A - 72,
PRImANR 2 R 13 1T, fasknl & [R5 &KL —
ANFTNBPEREE 1L +33 C, =F 2302 iR
+0.9 kW O EA&ERTE2,

T/C outlet ~ AFS inlet (Including flange

Evaporator heat insulation

12 Br#hadsR

|88km/h 12t GVW25ton|

—O— without insulation
$ 50 degC —~O— Exhaust pipe and evaporator insulation

O—— Expander Power
— +33 degC ~ +0.9kW

~ T/C outlet

After treatment
inlet

Temperature [degC]

After treatment
outlet - Evaporator _
inlet

13 Er#hzhR
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14 12 EdE & S — P o =il SRR 0D # 5
AT KNI — 2 LA B HIOMERE R L,
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%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,
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EIEL T3 IRETH S,

Warm up
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Without Brake bypass
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Automotive Engineering Exposition 2023 Hosted by JSAE
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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.
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