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Development of New ISUZU D-MAX
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Abstract

Isuzu full-model changed D-MAX after 8 years and
started the sales in Thailand.

This article introduces how we changed and improved
based on consideration of customer’s demand for pickup
trucks, as well as the strength and weakness of the
previous generation, and how we execute development.
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Outline of New ISUZU D-MAX
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Abstract

ISUZU D-MAX has been loved by our customers
around the world in more than 100 countries with high
reputation.

This time around, we have engaged in our new
development to aim for further progress in order to
exceed our customer's expectation around the world, by
utilizing our long experience in the field of engineering
pickup trucks.

In this writing, we will introduce, as overall vehicle
outline of our new D-MAX, the objective of development,
model deployment, product spec. in addition to the
characteristics of various performances.
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The Styling for New ISUZU D-MAX

ARaE] AT M
Naoyuki Akashi Yuichi Kushida
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Abstract

What kind of special attention Isuzu design center
embraced when designing the new Isuzu D-MAX,
that marks the 3rd Generation Isuzu D-MAX as well
as the 7th Isuzu 1-ton Pickup truck, was to make the
design itself be definitely ahead of the times and make
it innovative based on Isuzu’s unique qualities, such
as good fuel consumption, safety or roominess, that is
to be inherited by the next generations. In this article,
we would like to introduce along with its process the
characteristics of the styling and the deep feeling our
designers have for the new Isuzu D-MAX.
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Abstract

In the development of the new D-MAX, we have
further developed the Isuzu D-MAX, which is recognized
as a global pick up. We have made a full model change
with the aim of becoming No. 1 of customer satisfaction
and step forward from other companies. In this new-
generation pickup ITA (Isuzu Technical Center of Asis)
staff has joinedfrom the base development stages in
order to complete a new generation of pickup that
reflect the improved performance of D-MAX, which
is favorable in the Thai and the global market, and
achieve the further demands in a full model change.
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Abstract

Pickup trucks are required to have both the
performance required for trucks as production goods
and for passenger use as consumer goods.

With this wide range of orientations, the new D-MAX
chassis will be developed with both the durability and
low fuel consumption for production activities, as well
as driving performance and ride comfort that can be
adapted to passenger use.

This article introduces the development outline of
each chassis device.
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Abstract

New ISUZU D-MAX is equipped with many new
electronic control systems. This article explains new
electronic control systems and improvement contents of
electrical equipment.
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Abstract

Isuzu Motors has developed 4JJ3 diesel engine
for use with the new D-MAX. This engine has been
improved on the engine hardware and engine control
based on the engine that has been installed since the
D-MAX and well-received.

In this article, we introduce the summary of the
adopting technology for output performance, fuel
efficiency, and NV improvement, developing the next
generation ECM that can meet the higher exhaust
emission regulations, and the module development with
an eye to future development.
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Drivetrain Components for New ISUZU D-MAX
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About the drivetrain (transmission, clutch, transfer,
propeller shaft, final gear) installed in new ISUZU
D-MAX, this paper introduces outline of technical items.
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Abstract

ISUZU New D-MAX has been fully design renewed
as worldwide strategic pick-up truck in accordance
with environmental and safety requirements in the
market. The new design was developed with digital
technology in associate with ISUZU R&D center in
Thailand and Japan. CAE also has strong tie and
improved the quality of D-MAX by means of virtually
computed evaluation for the vehicle performance. Some
of advanced CAE technologies applied to ISUZU New
D-MAX development are presented in this paper.
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New ISUZU D-MAX is a successor of the previous.
pickup truck with high reliability and performance,
and share in the world market. As the succeeding
vehicle, the base concepts were “Efficient : Improvement
of fuel economy and safety performance” and
“Robust : Compatible with various usages and usage
environments”.

To achieve these targets, we set high performance and
quality target of merchantability/economic efficiency/
safety/reliability/environmental performance and we
have carried out evaluation and improvement of new
pickup truck.

We explain here how performance tests were carried
out to achieve the strategy of product development and
what achievements were made.

1 FAPE

B ISUZU D-MAX (BAF, [# D-MAX] &g
¥) T, R REOROB T MR AL LB,
ZREZ bR DTS - HEFBREN IS L7225 - i A
SHAME, MEREIMEREZ IR T2 22T NS, R’
A7 & D TE 7,

T2, NCAP (New Car Assessment Program) #r
70 P DUSHIB L, EOBERERE & K RS e
R ARATHE 812, ME- 2444V T)
T - PRAEENE - BNERE 2 A L, 84
KOOI ILETLF = v & LTI ORH %X -
T3,

AR TIE, ThoDYERE, I - it AEREIZONT,
A T CORMMEEM 2 W5 95,

2 RE-BHiEEE

D-MAX 23GICHEWTE L DB ERIZZANSGR
TOBESID—D2L LT, BENREMEREL, HICh v
TLNIL R Ulse I =B ERE B 5

P D-MAX IZBHL TRV F~v—2 - HEM LV
FOTPRZEITN, kT2 BiE L Lz,

FhoFETHsTy VI, 4JJ1 T4 —E¥LTY
DUnH 4JJ3 T450 NmIZ o7y L, Bk
BEAKIEIZI ELA (B1), £72, RZ4E VYV
FT YO VRO RE LIZKD, FAEENEERE & 1k
S/,

UL AR T ot g AR

R T — A A JLiE



#FE ISUZU D-MAX DEMEMHAERERICDNT

MLZU P
~ m4113
/ T ., m4311
[/ 7 el
s / _
E / 5
3 \ 3
ity
S T
I35 ol rpm]
1 4JJ1vs 4JJ3 HA45H
2.1 BREMEE

D-MAX OB HENL, fERTHICR L2k s
HR230) JEPUS KB S5 ETIPTOW R & F2hi L 7=,
TR AR, IR A 2 2 A LRG0 6 R -
FERRRGE A MR U, 2 6 RS A R L 7=
(3F), iz, #A4YHIKRDKEEAD LIZLD §izAD
EHAEIK L7z, 2Oz, BeRiisaioT 7 44
Fex7—arv7vyYOsEE, 74NV YT ALy T
FIZKDIRE ORI AT 572,
INHOWEIZED, HHH D-MAX OREVERE % HE
AL KR A b X5 Z S0k, Bt
RUTHIEMREAZFBIL, Eyr7y THisickT5
by T LR REREATEIR L (R12),

‘__él-‘ JE N —
i 0
FRofita TR 8 D-Max
X2 PAFIERE
2.2 EpSiHeE

TGO LNTT 26, FEHEREIZ TR NEHL S S
NBEIMEDIABRELT - 72, FRH/NERED RZ4E
IyoE, WEETHE KD & BN A EH 5720,
PR FCRIAER AR SR A& 92 L7z,

P 2 — 7 B A2 25035 & MR MEREC R & S2 84
5720, TV VEIEOY 7 N A RE L, fERELT,
3DEITHHEDN B LA % KIERE TSI &I
BRI L7=,

WUOHEE Al
WOMER i

E3E [km/h)

time[sec]

3 fnEEfEEE

H

3 palicd:

Fi D-MAX OZ2JIBFE, #EniH & i afhtto
HIjONYFv — 2 2470, BIREMBEZADS A
F o7, TITRONARATIZ, Hill D-MAX ©
221 R % PeE L7z,

EHEFKIEIZAE =T 4 =2 OMERLATHI D
12, CFD (& 5% f& 71 %% : Computational Fluid
Dynamics) & JEFGREE 2 28 FIZBRPE & B e 5 52
i L7=,

VDI T2 LA =TI iy, A O R
HEEIRERE (B4), TOMREELE LIAALETHE
HAMALT, mAle2 o REtaH -7
v NBAETES, R2E TN ZADF 2 — =V 7k E AT
W, wREEIRERELE (B5, 6).

FOMER, TV INVISFDAIH— P E T VR
IV a VY FOIN-FDR NOEIRETATL%E
BT 2Z LT, % D-MAX ZAERTHIZ N L CdAY
T 4% O EEX5ZEIRILE (B 7).

Y Ze SRR I Cd L i PR A DR



WIS HE 1315

X5 AH7ORE

6 EBH AR 2 — B RRE

B o>

< BlLv o CdA

Iili

fERIEE  BRBUD-Max ftazt A ftist B

X7 CAAfEN>FY—I#RE

4  RENEREIERE

Hil OIRBIER SR TIL, FLEE 5> TLBHED
FORVERE & A fheb g 1 x4 2 BT MR DR, K&
BRE L P A2, FSA4E) T 4 Loz b — B
TPERE & DERNLILTTOM S A JH & L=,

FAEDH K Th 2 EmauETEEICIOVTUL, KD
F oLy Oy sk HENRE 8T, BRELEEK 572
OIZFARAHHE RS 22 6 R TZIR & B 7 OBLEIZDW0
TRAFNE SVICB W RET 21T A5 &5, BXRIFEER
T=2DT 4 =Ny 2 &fiolz. 72, difk S
DR AGDRIZRIB L, S L2y —uhiE T4
fTo720 71—y MEOWGEF M ORELIZDONTE
WA PERE 720 T, FEEH CRUSH Gl kB & 175
ZEIZED, HOOMREAMEIR 5 Z &N TE,

WO 3 L vy vizondd, TYyYVEHOD
feEem FAHS & 2812, Kok Mroa Ik S i)
R & H A ST ORIMANDORIBE LT, BE)R4atn
KRB ROEE T 2 — =27, TS, R
IRAAR e OGBS MBLE 2 32 Lok, HEEMERE
RGN TE,

ZORER, Hif D-MAX T, ZhETlhnkit
RO 25 Hipl & i1 475 Z &3 CTE 72,

Z 22K OO EGE G AT 5,

4.1 BERETEEMHEOCHRE

PERTHLAS A YT IS5 P 7 E s RELL,
WERELLZI7—, MELTCHRBGELz7a7
=Ry PEL—=TA vy 2L —2EREL, HIS
FIHEBICH-BARE L= — ) v e F v TV b
7 EDHREN AT R OB E 1T - 72,

ZOFER, BEAHITR UK Z 2 BT VERECR & ¢ ai
2 xg 5 K ) b A R TE 72,

X 8 125, HERTH Lo mdiE T f RS O
WERERT,

I )
BMEEA  HEHS

Currrent New
D-Max D-Max

X8 mEETHEANRET




#FE ISUZU D-MAX DEMEMHAERERICDNT

4.2 X v JIEY CHEMRBFENES

MRS FREE s > QNI Y UV 5 & KR
SHD7, HNTY DV ENRF Yy TvT Y P EREHL
THNIZED - TS 2 EBEGER &, 225 &L
THAICE R LT 2 @B L, ehe
MU L THRBR %175 72,

9, HPEBRGEII R UTiEE v TN A& A R
HEEAKIEIZE EXE 52 E THNF ORI &
Ho72e ZDF=W, Fx 7~y bEUHT SO ERIVE,
Z2 S AL OBMIVESE, F v T EIOREE & NG
EDOBRMEE RS L, ThoRiEEA CAE
(Computer-Aided Engineering) M D H I
% ELIAA, R COF v 7 O FHIE D ZA% M
o7z,

—file LT, B9, 10! CAE i c2&F*F+ 7
~ o v FEUHT JRIEOAE D ZhEAT o 72l %R,
fED ZAIZKD, F v 7~y MHUHT SRS 0%
TR KISk S 7z,

MREE (X o2 FILEOBEHR)

47 VUMY TR
40mmif ;5 ~BH

RGO1RHETILAIZ

10 2FF v 7V MR sniRES O EF B
& (& RE=>1%)

e L P R R R L2 B U U Rl 5 o oD i AL S
LB, FhE R & AR IROEE S A O R A
EHNFORGRMAWE, TOMREL LIS T IA
YICRMEE LT I94 7 )7 &2 52T, HOE DOk
WEM 21D 7=,

11 ISHIBEIEO N LSS R AR d. ThofE
D ZHOMER, MRIHAN LY DY & 2 PERTHIZ A
KIEIARIR X B2 ENTES,

10dB(A)
= it
e N}_/Wcﬁ
B ———T
& /
%ﬁ[E'EJD-MAX
I3 EEREL [rpm)]
11 IREFERF

4.3 BERES

HHREDIL Ty Yy TREHE MLy 7 T A
ROHETHSD, HTRMEELELTZ YDV MLY%
O KIZKD, WERAQAC ) R EE <h, MT
(Manual Transmission) WESOFY DT 5 FHEK
P& SNz, ZZCHERICHIRRERETL, TvY
VDT FAFKAL —=ILDAF = v UP TAN KR
ZLLyll, ZHUZEDEY T 9 F LD Bk i
&1 -7,

12125V 239 v ay (BIF T/ M| &F9)
[MERZE B R D2 5 F AU 0 FPEO A i #% O KR
NI

> I 20rpm-rpm -—--EEH

=3

¥l - —#EH®

g A

= A

g ’II \\

& 2 N

g

=

- E=sSTTII ]
1000 1500 2000 2500

Engine speed (rpm)

12 3rd MEEFD T M BIEZENIE DK

F7o, KFVECTOMMBRIFOHEFT 5 E IS LTE
27 v FRCDFEORIZAM A BN - 72— =
FLUTREL, A7 0¥ v L Lt/

13 1st BN T M L85 O3 A Jif 2 DA
Remd,

T/MEESE (dB-A)

time (sec)

13 1stiRINEEF T M IEESOBEEHED LR



WIS HE 1315

Iholicky, BRERNV (5 - JRE) : Noise,
Vibration) MREE Y YV 08T + —< >V A b %1
NTETE,

5 IRMIRTEM, RV OHMRE

BEHFHATHAE v 2T 9T T 9 2 DRFDML
VRIZRWTUE, RS D OREE I ER Laa 6 b,
Ny Yy ==L LTORIEKENPLD EHEH SN
T3 FRIZ4 X 4288 (& Hi-Lander) 12803,
O HEE ThH 5,

B D-MAX T, FaE %18 T fenai o 5t
A (B EN ) =7 TEVWERER, FDLO
M Useh e e Do0Hh) AR LARS, FLURE
ZELTFy Y, JL—4, $AIXVY 3V, ATT
VYT DEEE BB Lz, BB ICHZ > TUE, &K
DRizEFEERRT -~ &L,

> HEERENE s — Lo

> 3D DHbERE

- E2E LT, 75y M TR O
- IREID D 200, WIIPERRO EO I D O
AETIE, INOORFEMEZHHT5,

5.1 BRftREH

— ey 2 R HIC IR CHEESHLS, HOE
LEVWE Yy Ty T Ty 2IiE, a—ILERH DR
W, LA LEFIZZO — L&D ENEATED,
O — LB O E T — L (B — LRSS
e, u—)LEEmbEds) OrLYE2BY, ZO—
AR AZS (R 14).

HEEFHO—/LAHDOEER

X
® .
|
a
1
bl
&*
=Y

*
! h +*
! - *
= *
3 s
2
|
a

1B —  1980%Ff¢ | 20008 & - ¥

14 [EEEFO—ILAICRSNhB LR

ZZT, ROO@ %Y — LA ED7HDHRA v b &
LUCHZ L7z,
@O v =LA O
@ v —ILE— FOUWE (4 X 4 RHA)
OIZELTZ, 7ay b ARV Y 3 Y PFA YD
RELATW, O— ey am skl (4x4

JHEM) AT, 70V ARV Y g v, YYH R
Nyy g vEedis, a— itz m EEd, K
YHAXYY 3 VIZELTE, VYY) =727 5 b
Ly FOEKRERSZ LT, a— Ll zm Xy
770 ZOREE, Bl D-MAX (ZERTH & e — L £y
AR L, fhEC i LT BIF AL~ &K L=
(R115), @iz LT, hEmrhoa —ity 2 iE %
FEMIFUL AN RSB X ¢ 5 Z & T, figlmIERZ H R
MAZHT—LE—F (Vy v FLFIVE—V 3 Y) &
FHLL72, ZORRE, HKELOEDEW 4 X 4 RH
BNz > TE, FIA7NEFEMBF RIS < &
HIRIEH A D EHITHD, v— I LEOE EIZEBIL
T3,

EEEFICEITEE—ILE

O—LEIN « B—LEE > O—ILAK
T
1
1
1
1
1
1
1
1
1
_|
1
1
1
ol !
sl
<1
201
<
1

FED-MAX HERTE A fth=Es fthEc

15 feEEFICHET3O0—ILA

5.2 TV

P D-MAX #3C0ET5 MK vy 77 v 7
NT w2 D)X H ARV Y 3 V1F, BEEHOB S
5, —DOOYAXRVY 3 VHRTHTAMEIZS U6
BOBZREEEA L, MEISLCUTRERDZT
5 (®16), 2& LFo—[ i, Zo)Yidhakito
JERIMEICH 5, B AT R EIC &k > TR LD
EHIRA, ITREBDPEIINEZELTEE, ThE
TIZHRTH 2RV Y g VENRZEIZHEAY 5, Z
DOFER, FEMBEOZEMAZWIT AL, 2% FiFE:
UBDTHS, il D-MAX Tl, ZO%EX LT
WD B8, VYHFARYY g VNV TR e —
I EPR Uz, NV T AN =2 WK THIET, %
NEZNDERN 3 B I A )L BRE TE 5728,
HE BRI, £, VYT a v s T T =D
B g 2 L LT, WREORhE S ) L7z, Z
NOEDFERE LT, HiM D-MAX (3REN B DER A
by, 77w b aFEDOMAFEBELZ (K17),

F72, I D-MAX TldF v 7L -4 k05
RO HHBRICE 5T, WPEEA L X8, v
CYaTL—LIZHATAY Y b I —DFES R
BT ZET, RO 0, HPERO SR O A
FEHL- (X18),



#FE ISUZU D-MAX DEMEMHAERERICDNT

INYITFIIN—

HE

2RIE R
1R (EH

v

i

Lkidh 2wiFh | Ay Ty T
e Fiille BT 2 KA
& - FREk - i
B 16 YNHINLD 32 DI

SRYBIZHETHREME L TEMDLE

#HEID-MAX  HERITE HhEA fthEB #hED

17 FA—REANDICHT S, REME L TEA

N ¢« REMEBELETZER > K

REMEEAAAORBLAL

B ¢ RBEEE > B

#HED-MAX  GERTE thEA fhEEB thEC HhEE

18 REMBELAHLROIERE LNV
6 TJL—FtRE

R D-MAX D7V —F13, Ko&etomnk
ZHW, Jury bTr—-F%& KL L, Hr/zk ABS
(Antilock Brake System) 2= FZHRHL, &fd
TR & B RE DR b A X - 72,

6.1 F7L—%7 1 — Ni4%8E

FRID-MAX 1372y b 7L —FH9 4 X% & 300 mm
25 ® 320 mm NKEUL Lz, 7L —FOKRBULIZK
DwHMESKIEICHELE, TV —F7 = — FYERED RAL
L7z b, BEEMGFmom i Dk -7z (B19),

Brake temperature

fieql=

A

S uL—FBE

BEED < B0 SEEEL

19 T —XBEHRE JL— T RERE

6.2 ABS t4gE

ABS FAFIZERWTE, #HizlCfRH L2t ABS
2=y MDD, WK Z RN TE 4 G ffoy il
HANEEE D, A4 Y & B O B & e KRRFI 3
BHHAFEBL L7z, ZOMR, HEHTH itk X0 &
BRHEE A KIS 255 2 &0k L7z (X120),

Stopping Distance

TERTE

fhitA

i
L2

FTELD-MAX

FIBNEEHERE. — Bf(m) —RIBEERER

20 100km/h H5OHIENEERELEE

6.3 TCS t4gE

PE AT H X O R L T 5 TCS (Traction
Contorol System) I DOWTIETIY; TORERTIRIL
EEEL, IhE Tl RICHERTOMHERBRISEA L
7= TCS #ilfl# HI LB L7z, 03T WK TO
FEAEE, R PEAEHTHERRICHELR LDD, RO,
VeiER 2 & ETIRPIS K E LRI TE, BEVPDORS)
ISETTEDREIF 2 —=v 7 Ei Lz (K 21),

B e - UNS
21 TCS BREWRMHER WFIZIRE



WIS K131 5

6.4 ESS

B D-MAX 128 7L — F 12X 3 i 8o 22|
WEAMET/2DIZ, WESsE YT 9T Ty ELTUR
#1TESS (Emergency Stop Signal) ##F L7z,
ESS 260 km/h YA L2 6 2oHE L7258 % OF ABS
PEBIL TR LRI, N — FI 725 <
BT E S EANER A T TH S (K 22),
T —FRENZ [T, HljEEE»5 2 7L —F
T3 E i Sz ZIZY 2T L3RR SN 5,

22 ESS #Br SUBE T

6.5 HSA M4gE

PERTE XD ERH L% HSA (Hill Start Assist)
FIHEONTIE, FIANTY A MEA EO7=o, {E8)d4
BYUE AR A PERTHL LD T, KWl Te 7Y
Z b FTABEINTHE LTz, 72, (KAE TO AR
5l 20 A& RSN Z 0D, ESAEOIREE T
TRODHNGIHE LD EINT VAL DT 2 —=V
7w I L7z,

7 B REE

WFIZBTAE Yy 27 v 75y 7 OFMEEHD
BEDICKD, fERT D-MAX TlxHi 2k L, i
P FpEME oA A B ISE TR 21T - 72,

P D-MAX I3F ¥ BV OYA A AT EZ LA
<, VA79 b &R Rl LIZKD iERT D-MAX T
Ko 723 - SR 2 IS S0, K0 FAIHP 2k
WHEAA LB ETAZ LA HMELTHE 2T C
X7,

Bz, 7T EE L, HRSENICEF TS
D-MAX &, SEIEEEEOL—FITflibhs7z0,
EDEZLDANIIZANGNEHETHZ L2 HIFICA
n, WREITH> 72,

7.1 B{EH

% DL — Y H iR 5 HI LB A HES T ENT
B XITT 5720, Hif D-MAX (3 HEERE O FH4%
BEA I XY, AT TV VIR —LIZE ETFTOFIL
N AEEICINAT, BRI 40 mm BIK FL ATy 1%
BEABIIL, FI43Y — M bavyba—iLo
A RERT IS LSS 15 mm $EK, BEICY — b
7y g YFILMEREER BN LTS,

BRI 23T, fERT D-MAX IS TREIC flbtt ke
Ny T2 ZADEMAERLTED, Hif D-MAX 2k
WCEZOENMEATER S Tnh5,

P D-MAX (S EEM A HICED 5728, & — b
DIV =T VIR LRSS, ¥ — by o B
DIgRE RE L, KRB L LA TSI EHNTE
LEICEE LS (F23),

F72, BAMEUTHEE S 7-IRRETE BARICHIIE S —
FRICEANES LS Y — L — L ORE & fowil L
T35,

-—-  ftni D-MAX

23 o —bMNy 7 #HIHHEE

7.2 FEREM

PREBIERE e B 23 A 3l XD AN — 2 F LK &
B3 ZLI3HERT D-MAX OFETHD, HA D-MAX
EB YT —TFEHOBKE RE L7z, ZAUZXD HEH]
D-MAX (T B ERERE D FebE, FRICFEH B fE 2
L—=RfTAB &I 572 (K124),

24 KIRSBM FE



#FE ISUZU D-MAX DEMEMHAERERICDNT

F2, Yoo 7y T bTy 23 HENEL, RN
WL —HICe > UIHEBNICLC B LS LB@ifE L
KA, B D-MAX (2 B ¥ —%EIc7 v A b2 v
TEEIML, FEHEENZ RS AL 20 T0OkNE & L,
ZOTY ANy 713K 330 mm & KT A4 X2
A, W EA258 1300 mm EAROENSRETLI L
THWE TN EEX -7 (B25), Zhickh %<
DAI—HFIZE S TFIHERTL, ¥4 FZATF v 7LD
HAB DI > TERELRPTOHIIZH: EA3 5 T3,

MR RE

25
8 BRENROMEE (MT BREMUR)

i D-MAX Cid, BFEIR B ICHENT MT O

TEMR R 2 H K& LTE TSN,

FHZRDO 3HHDOUEHEIZKD, #fET7 4 -V v 2E

PERTHUZ ERTRIE T v 72 Rz L7,

@O MBD (€ 5 L XN — Z Bl ¥ :Model Based
Development) Z¥WH L7277 MEREDF 2 —
=%

@ ZH L3 — D Pull Ak

@ 74 =N rroYHE

AFETIZZO 3 FUZDWCHAAET S,

8.1 MBD @A ULATT U M MEBODF 1 —=2F

TT Vv MERARD D RHEE, VT MRERHC T2
WUBNThHB, ATy 27 bbb B M1 kD,
FHFH SR I EHE T I av—Y 3 VEFLAE
WL, 777 MEHODO DiAA% #ED7-, BRI
26 DEHIZEBED—EBDAEHA T Lz, bT
VA Y oa VRERGER O — SO PERE A Sl L,
V3ialb =Y a VETAGEEHMILZFEDICAE S K51
R L, avv—v g vak sk, SMmE—RENS
Detent SBOFFM: T — 2 HUG 2 A EHNRSH Z LT, ek
BNz MT 722 7) ELTORMEA/ED LT Tns 72,
AW ORFEE LT, LCV (NEIREGH H : Light
Commercial Vehicle) R TEHRHINTBL AL 7 b
BATOEHLIN=H, YIab—v a3V ETOLD
IABDTIRE L 75 > 7z,

R —
TR | p—— ot
ntecey it sflever
e | P ™
LT

|
v |

Resolin! me;:uftl'u—wm oA

forcer’ ‘ foreev
E_xlSinﬂDmm»‘

® i
ShiftBlock’ =
d -
i
——————— 18
Shift Detent measurement model

RREHAMICEDE TRl - YA AT IRy

26 Shift Detent DF 21 —=>%

8.2 TEL/N—D Pull 1k

PERTEL TII N 7 XY NEIETHEE, 7Yy 25l
NIRRT A K XL T BT & TERIBER I A2 X5 T
7275, HAI D-MAX Tl Pull RZ5# LN — 2418 H
L7z (B27),

WA Pull Ring
27 Pull REEL/N—

ZHZED FIANDEX LN T FI A& ST
ZEIZKRELFHTHLLERIZ, BXVEEOMNE
M—EIZHD, B —&E 52, eI E
IR &hiz,

8.3 74—ULJDOYEEIL

PEFe > 7 MREDFMIZ T 4 — V) VIS Qe
7S, S E RS A28 A U AORKY: 2Bt §
BZEIZETA L7z (K128),

T4 =)V YR L UCHMBAREICL2Z & T,
7 4 =) OKIER FIZE# U,

{

28 7 MREOFRE AR



WIS HE 1315

8.4 overview
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Manufacturing Engineering of New ISUZU D-MAX

KHHE*
Satoru Nagata

ANYE S R

Takuya Kobayashi
2 g

A4 HEKRER D BB, 24 TOAFESEL
THERTY 7 AL, MESGENOID AL S
H OB 15 & A DA & U C il 72 4
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A PE T RE DGR % 38 U AR PER Al & L Co b Is & #
95,

AR {E &1 Al

Shinya Yamane Tsukasa Kaneko

ErARE T 1A il

Katsuhiro Shiota Hiroyuki Yoshida
Abstract

In response to the environment surrounding the
Thai business and soaring labor costs in Thailand, the
shortage of factory areas, and quality improvement
initiatives, Along with strengthening competitiveness in
the future, an optimal production method for the next
generation vehicle is required.

This time, we will explain each production process
issue triggered by the new model change and introduce
the correspondence as Manufacturing Engineering.
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Abstract

In order to comply with the exhaust emission
regulation in 2016, the new 18-model ELF is equipped
with the urea SCR exhaust system for the first time as
an ELF for domestic use. While enabling the installation
of new equipment such as a urea water tank, the
chassis components have been extensively reviewed to
satisfy the basic performance and body installation of
the truck. Furthermore, the special chassis for vehicles
under GVW5 t has been developed, which has realized a
significant weight reduction.

This paper introduces the development outline of

ARTIE, ZHUZBDB Y v &I O TR A A chassis parts related to this.
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Suspension and Steering System of MY "18 ELF
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Abstract

The MY ’18 ELF’s Suspension and Steering was
developed with the purpose of improving comfort as well
as technology of safety and economy.

This article provides an overview of these features
and technologies.
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AEBS with Stereo Camera of MY "18 ELF
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Abstract

The 18-year-model-ELF is equipped with AEBS
function using a stereo camera system, which is the
first in a commercial vehicle.

The outline of AEBS development of the stereo
camera is explained.
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Technical Construction of Learning Method of Advanced Emergency Braking System
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Abstract

For product competitiveness improvement of the
domestic market and European regulations, the first
time AEBS (Advanced Emergency Braking System)
function to ELF is mounted.

FORWARD and GIGA had already sold vehicles with
this function. While these vehicles recognize objects
using a combination of millimeter-wave radar and a
monocular camera, ELF uses a compound eye camera.

The initial learning of the compound eye camera on
the vehicle inspection line requires high accuracy, so we
studied the equipment to achieve this.
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Introduction of Cooperative Adaptive Cruise Control Truck Platooning System.

BN e NI Hra Fz* WA EaE* YK AR
Yasuyuki Mishima Tadashi Konishi Hideyuki Idonuma Kouji Okamoto Yuuki Iwaki
2 F Abstract
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Based on the roadmap of the Japanese government,
METTI and MLIT have been carrying out demonstration
experiments for the practical use of truck platooning on
highway. The purpose of the experiment is the technical
verification of the system and the evaluation of social
acceptability of truck platooning. We introduce the
prototype truck that we developed, and explain one of
the base technologies, CACC (Cooperative Adaptive
Cruise Control), and its effects.
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Development of StageV 6UZ1-6WG1 Engines for Industrial Purpose

Al HA e HE* I HIsE* S v A e
Yoshikazu Taniyama Takuma Magario Kazuyuki Erikawa Akihiro Takashima Yutaka Kakuta
WAg  fETr il Hel* AdF e Hokt R R B
Yuusuke Itabashi Shinji Gotou Hikaru Ishii Tadashi Nakamura Seigo Itou

g2 F Abstract
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J577 5T Stage V HEH 2 HLHI A 2019 41 H» 5
JifT Sz AL TEZOMBNHERL RS, =D
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DHHFN ST 5 &R, ek L RS oM
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> 2B O R % B LzFF &2 170, R
sz L,

In recent years, stricter emission regulations have
been enforced in the world for industrial engines. The
most advanced regulations came into January 2019 in
Europe, which are called as EU StageV. Each company
developed own engines in order to comply with the
regulations.

This report introduces the development history and
technology of 6UZ1 and 6WG1 of 9.8 L and 15.7 L
displacement from the lineup of industrial engines that
comply with StageV emission regulations.

We have developed products that have longer
maintenance interval to use in the market while
ensuring the same level of performance, reliability, and
durability as conventional engines while complying
with the regulations on particulate matters that have
become even stricter than previous regulations.
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Study on the Quantitative Evaluation Method of SVOC
in a Vehicle Cabin Using the Passive Method
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Abstract

In order to lower vehicle interior VOC concentration, Japan Automobile Manufacturers Association (JAMA) is
announced self-imposed control of vehicle interior VOC concentration. Although high boiling point substances,
such as phthalate ester, are contained in the substances for self-imposed control, these quantity boiling point
substances are difficult to measure with sufficient accuracy in the collection by the conventional tube (Tenax-TA).
In this research, we studied the plate material suitable for adsorbing SVOC. Solvent extraction method was found
to be suitable for desorption method of SVOC adsorbed on plate. Quartz plate was the best for SVOC adsorption.
performance on plate and desorption performance of SVOC adsorbed on plate. In the actual vehicle measurement,

DOA and DEHP were able to detect more efficiently than conventional active sampling.

1 Introduction

In February 2005, operating from the viewpoint
that the interior of the passenger compartment of an
automobile is part of a person’s living space and using
the same approach concerning chemical substances
in the air as that used for housing, the Japan
Automobile
a self-imposed goal of reducing the concentrations
(VOCs) in the
passenger compartment of passenger cars'. The

Manufacturers Association announced

of volatile organic compounds

objective of this voluntary initiative is to reduce the
concentrations of indoor VOCs while satisfying the
vehicle interior concentration guidelines established
for nine substances (formaldehyde, acetaldehyde,
toluene, xylene, ethylbenzene, styrene, tetradecane,
di-n-butylphthalate (DBP), and di-2-ethylhexyl
phthalate (DEHP)) by the Ministry of Health, Labor
and Welfare for new vehicle models produced in 2007.
p-Dichlorobenzene (p-DCB), diazinon, chlorpyrifos,
and fenobucarb are substances peculiar to houses and
are not used for parts in the passenger compartment
of cars; thus, these compounds were not targeted. In
March 2006, an additional announcement was made
to start voluntary initiatives similar to those for
passenger cars for new models of trucks and buses

produced in 2008 or later.

In response to this effort, in April 2007, standard
JASO M 902, “Automotive Parts: Interior Parts
and Materials-Measurement Methods of Diffused
Volatile Organic Compounds (VOC)?, was issued
by the VOCs Measurement Subcommittee of the
Automobile Interior Part Public Interest Corporation
of the Association of Automotive Engineers as a
quantitative method for evaluating VOCs released
from the parts of automobile interiors. Furthermore,
the standard JASO Z125, ” Automobile : Car, Indoor
Volatile Organic Compound Measurement Methods,
was issued in 2009 as a quantitative evaluation
method for VOCs in passenger compartments. These
measurement methods include some of the semi-
volatile organic compounds (SVOCs); however, in
all cases, the main target is the measurement of
VOCs. The measurement methods are summarized in
Table 1. As a method for the quantitative evaluation
of SVOCs from parts, standard ISO 12219-6, Method
for the Determination of the Emissions of Semi-
Volatile Organic Compounds from Vehicle Interior
Parts and Materials at Higher Temperature : Small
Chamber Method®, has been issued. This method
involves quantitative evaluation based on heating and
desorbing SVOCs adsorbed onto the inner wall of the
sample chamber; the procedure is the same as that
stipulated in standard JIS A 1904, Determination of
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the Emission of Semi-Volatile Organic Compounds
(SVOC) by Building Products: Micro Chamber
Method”. SVOCs have poor collection efficiency
in active sampling; in addition, the toxicity route
of SVOCs suggests that transdermal exposure

assessments are warranted.

Table 1 Measuring methods of reference
standard
Type Target Reference standard Apparatus
Vehicle VOCs JASO Z125
1SO 12219-1
Material | VOCs JASO M902 Bag
ISO 12219-2 Bag
1SO 12219-3 Small chamber
Odor 1SO 12219-7
Components | VOCs VDA276 Small chamber
1SO 12219-4 Static
ISO 12219-5
SvVoC 1SO 12219-6 Small chamber

Although the SVOCs emitted from automobile parts
are quantitatively evaluated using the aforementioned
approaches, because only active sampling methods have
been developed for evaluating SVOCs in passenger
passive method is

compartments, establishing a

necessary. In this research, we investigated the

SVOC

desorption properties) of plates used for the passive

materials properties (i.e., the adsorption-
method (referred to as the “plate method” hereafter
to distinguish it from the general passive method)
and evaluated the amount of SVOCs transferred once
adsorbed to identify the optimum method for storage,
etc. We evaluated the desorption from the plates with
a recovery rate by dropping a reagent onto plates
made of different materials (glass, quartz, and stainless
steel, with silane and polydimethylsiloxane (PDMS)
treatments) and then heating for desorption. As a result,
we found that the recovery rate is low for stainless
steel. Assessing the adsorptivity requires reproducing
the actual SVOC emission from parts inside the vehicle
compartment in real space. Therefore, the recovery rate
was evaluated using parts of the SVOC inclusion that
had already been confirmed. Accordingly, the largest
amount was adsorbed onto the plate made of quartz. In
addition, the collected components will clearly desorb
(migrate) from the plate to the storage container, etc.
when the collected plates are left untouched. Thus, if
the analysis of SVOCs immediately after collection is
impossible, then the total amount of SVOCs collected

can be evaluated by covering the collecting surface
with a quartz plate made of the same material as the
collecting plate to suppress migration, followed by
quantification of both plates. Furthermore, we measured
the air components in the passenger compartment and
assessed their practicality by comparing the results
with those obtained via conventional active sampling.

Research work flow is shown in Figure 1.

-~
Study of SVOC desorption method from plate -
Procedure comparison between solvent extraction

and thermal desorption method

(S J

l

Selection of plate material

+ Blank evaluation of plate

+ SVOC desorptivity (recovery with reagents)

+ SVOC adsorptivity (adsorption of emitted
\SVOCS) Y,

|

/Storabilitv of collecting plate

+ Quantitative evaluation of migration from the
collecting plate and examination of the
countermeasure proposals )

|

Measurement of SVOC in vehicle interior using
the plate method

+ Measurement evaluation by plate (comparison
with conventional method)

~

~

Figure 1 Research work flow

2 Experimental method

2.1 Selection of plate materials

2.1.1 Study of the SVOC desorption method

Two methods for desorbing the SVOC components
adsorbed onto the plates were investigated : desorption
using a solvent and desorption by heating.

In the solvent extraction method, 1 1L of a mixed
standard reagent (each containing 1 pg/ ul. of 2-ethyl-
1-hexanol[2E1H], dodecamethylcyclohexasiloxane[D6],
dibutylhydroxytoluene [BHT], hexadecane [C16],
diethyl phthalate [DEP], tributylphosphate [TBP],
dibutyladipate [DBA], tris(2-chloroethyl)phosphate
[TCEP], dibutylphthalate [DBP], eicosane [C20],
dioctyladipate [DOA], triphenyl phosphate [TPP],
and bis(2-ethylhexyl)phthalate [DEHP]) was added
dropwise to a glass plate, which was subsequently
dried for 5 min. From a test tube containing 1 mL
of ethanol, 300 xI. was dropped onto the glass plate;
the surface of the plate was then wiped with washed-

and-dried glass wool. The glass wool was placed in a
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test tube and subjected to ultrasonic extraction for
15 min; the SVOC in the extract was subsequently
quantitatively analyzed by gas chromatography-mass
spectrometry (GC-MS). One of the plates is shown
in Figure 2.

Figure 2 Glass plate (¢80 mmX2 mm)

In the thermal desorption method, 1 xI. of the
mixed standard reagent was dropped onto a glass
plate, which was allowed to dry for 5 min; the
temperature was then increased from 30 to 250°C
using a generated-gas concentrating and sampling
device (MSTD 258). The desorbed gas was collected
in Tenax-TA (Figure 3) and
quantitatively analyzed by GC-MS. The analytical

adsorbent resin

conditions are shown in Table 2.

Plate Pum
P,
‘ | <— Micro-
,klﬁa % 7|—7|’ chamber
|
N2
| e
N2

Figure 3 Outline of Micro-chamber

Table 2 Test conditions on GC-MS

Micro Chamber GL Science MSTD258M-B

Chamber : Quartz 104 x H 30(254.7 mL)

Sampling flow rate:

[Sampling]50 mL/min(Rim 80 mL/min, Center 20mL/min)
[Stand-by]30 mL/min(Rim 30 mL/min, Center 20 mL/min)
TenaxTA Sampling Flow Rate: 50 mL/min

Sampling time : 40 min
Pre.Purge : 0.1 min(STD),
3 min(Plate and Materials)
Transfer Temp. : 270 °C
Oven Temp.  : 30 “C—11 min —250 ‘C(hold 29 min)
Thermal Desorption  Gerstel TDS
Tube Purge : 1.0 min
Desorb Temp. : 270 °C
Desorb Time  : 10 min
Desorb Flow  : 10 mL/min

Split Vent Flow : 100 mL/min

Split 1 1/10

He : 1 mL/min

Cryo Focus : Cryo -150 “C, Cryo Heat Temp. 270 ‘C
GC-MS  Agilent 5975C

Interface Temp. 1280 °C

Ton Source Temp. : 200 C

Ton 170 eV

EM 1 0.8kV

Scan 1 m/z35~450

Solvent Delay : 3 min

Column : Inert Cap-5MS/Sil 0.25 mm x 30 m

df=0.25 pg.40°C(5 min) -280°C(8 min),10 “C /min

2.1.2 Blank evaluation of plates

For quantitative evaluation, the components
desorbed from the plates were captured. The plate
materials used in the blank test of the single plate
were glass, quartz glass, and stainless steel; a silane
treatment and a PDMS treatment were applied as
surface treatments, providing five kinds of plates
(¢80 mm X 2 mm). The procedure included cleaning
each plate in ethanol, aging each plate at 250°C
for 30 min, and then subjecting each plate to the
SVOC desorption method described in section 2.1.1.
Figure 4 shows the appearance of a PDMS and a
stainless steel plate.

Figure 4 SUS and PDMS Plate (¢80 mm X2 mm)
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2.1.3 Evaluation of SVOC desorptivity from
plates
To each plate, 1 pL. of the mixed standard reagent
described in section 2.1.1 was added dropwise; after
the plates were allowed to dry for 5 min, evaluation
was conducted using the SVOC desorption method
described in section 2.1.1.

2.1.4 Evaluation of SVOC adsorptivity on
plates

To evaluate the SVOC adsorption performance of
the plates, we used our previously developed method
for releasing the materials.

A floor mat (50 mm X 50 mm) made of polyvinyl
chloride (PVC) was used as an SVOC emission
source, the heating temperature of the chamber was
65°C, and the emission time was 1 h. The evaluation
method using a microchamber is shown in Figure 5.
The amounts of SVOCs adsorbed onto the plate
were evaluated using the SVOC desorption method
described in section 2.1.1.

Floor mat (50mm X 50mm)

E t,:, 10mm

Plate— | — |

Figure 5 Evaluation method of SVOCs adsorption
amount on each plate using parts

2.2 Storability of collecting plates

Previous research® has already confirmed that
SVOC components transfer from the collecting
plates to the storage container, etc. Thus, in the
present work, the upper and lower surfaces of the
collecting plate were sandwiched between plates
of the same material and subjected to a surface
treatment. The plates were allowed to stand for three
days at 40°C and 40% relative humidity and were
quantitatively evaluated with the collecting plate to
check storability. The plate selected in section 2.1.4

was used for the evaluation.

2.3 Measurement of SVOCs in vehicle interiors
by the plate method
In this study, SVOC measurement conditions in the

passenger compartment were set assuming summer

season when SVOC emissions increased. In the past
research®, the evaluation is carried out under the
condition that the vehicle is left outdoors. Since
the temperature and humidity conditions depend on
the weather conditions at that time, it is impossible
to evaluate by fixing the temperature and humidity.
Under such test conditions, quantitative comparison
of results is difficult. Therefore, in this study, we
decided the conditions so that the measurement
results can be compared quantitatively.

For SVOC measurements in the interior of a
vehicle, two evaluation scenarios were performed :
one case where a new light truck was installed in
an environmental test room with controllable solar
radiation and temperature (infrared lamp) and another
case of outdoor exposure. We investigated these two
cases to check whether the SVOC components could
be similarly detected under temperature-controlled
conditions in the environmental test room and
under outdoor conditions. The detailed conditions
are shown in Figure 6. The test conditions for
measuring VOCs in the passenger compartment were
individually selected with reference to temperatures
measured outdoors because standard JASO Z 1257
has not yet been introduced. The temperature
shown in the figure is the temperature set inside
the cabin. The temperature and relative humidity in
the test chamber were constant at 23°C and 50%,
respectively. The conditions for collecting Tenax
were 100 mL./min X 100 min = 10 L. By contrast,
the plate was installed in the passenger compartment
on the precondition of an opened door. Table 3 shows
the setting conditions. The plate in the environmental
test room was evaluated together with the collecting
effect
components) in the case of cooling the plate. The

(generally used in evaluating condensed
cooling device used for the evaluation is shown
in Figure 7. We preliminarily confirmed that the
surface temperature could be controlled to 20-25°C
when the passenger compartment temperature was
65°C; however, because the dew point at 65°C and
20% relative humidity is approximately 32°C, the
temperature of the cooling device was set to 40°C
to prevent condensation. The collection position was
the exposed part of the human body in the vicinity of
the face, which is the most exposed part. Outline of
vehicle test is shown in Figure 8.
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Figure 6 Evaluation schedule on SVOC

emitted from vehicle interior

Figure 7 Outline of cooling unit

Table 3 Evaluation conditions on SVOC

into vehicle interior

Index condition Sampling | Flow rate Sampling
point (mL/min) volume(L)
Vehicle type Light truck - -
chamber Tenax 100 10
Plate/Cooling Driver’s -
Unit(40°C) Face

Out door

Tenax

Plate

100

(c)Outdoor test

(b)Sampling pum

for Tenax

(d)Plate was set in
cabin

Figure 8 Outline of vehicle test

3 Results and Discussion
3.1 Results of selection of plate material

3.1.1 Results of our study of the SVOC desorption
method

A comparison of the recovery rates by thermal
desorption and solvent extraction is shown in
Figure 9. These results show that the recovery ratio
by solvent extraction of 2E1H, D6, BHT, DEP, and
C16 was found to be as low as 40%. Consequently,
we presumed that the components that disappeared
easily dissipated during the procedure after the
reagent was dropped onto the plates. In addition, the
recovery ratio of the thermal desorption was greater
than that of the solvent extraction for the other
components. The low recovery ratio of the solvent
extraction is likely due to the solvent wiping process,
etc. However, the authors of a previous paper®
reported that not only the solvent type but also the
extraction temperature is related to the recovery
rate; thus, room for further improving the recovery
rate in future investigations exists. In the present
study, we decided to use the thermal desorption
method for desorbing SVOCs collected on the plates.
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m Solvent extraction _
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3 80 :
z
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e ]
> 40 .
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Figure 9 Compare of recovery rate between

solvent extraction and thermal
desorption

3.1.2 Blank evaluation results of plates

The measurement results for the plate blank are
shown in Figure 10. Hexamethylcyclotrisiloxane(D3)
and octamethylcyclotetrasiloxane (D4) were detected
from the PDMS-treated plate. The corresponding
amounts of SVOCs obtained from the other plates
were less than 1 ng. Therefore, we decided to exclude
the PDMS-treated plate from the experiments
conducted in the remainder of this study.
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Figure 10 Chromatograph of plate blank
(upper: PDMS lower: Glass)

3.1.3 Evaluation of SVOC desorption ability
using plates

The recovery rates of SVOC components from
various plates are shown in Figure 11. These results
indicate that the recovery rate of certain components
(e.g., DEHP) from the stainless steel plate was
low, suggesting that stainless steel is not a suitable
material for collecting plates. The poor recovery
rate from stainless steel is likely associated with
the oxidative decomposition of DEHP on its surface.
The recovery rate from the other plates was good
(approximately 80% or greater).

140
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s 80 |
=
2 60
S —+Glass plate
& 40 | -=Glass plate Silane treated
20 | —Quartz plate
o —<Stainless plate
P 3RS R L
FITFIEIFIFSIFEE
Figure 11 Result of comparing recovery

rate of each plates

3.1.4 Evaluation of SVOC adsorption ability
on plate
The results of our evaluation of the adsorption
efficiency of DEHP emitted from the parts on each
plate are shown in Figure 12. From these results,
we found that the quartz plate exhibited the
highest adsorptivity among the investigated plates.
Shinohara et al.” have reported that the degree of

adsorption varies with the adsorbent. This variation
is speculatively attributed to differences in the
surface area, electric charge, and functional groups
among adsorbents. In this case, the efficiency is
assumed to be enhanced by the interaction between
the hydroxyl groups on the quartz glass surface and
carbonyl groups of the phthalic acid ester. Given the
results presented in section 3.1.3, we decided to use
quartz plates in our study, which enables the efficient

evaluation of SVOCs.
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Figure 12 Adsorption amount of DEHP.

3.2 Storability of collecting plates

The results of our evaluation of storability,
where DEHP emitted from parts was adsorbed onto
the plates, are shown in Figure 13. These results
show that approximately 57% of the DEHP emitted
from the parts was adsorbed onto the chamber wall.
Furthermore, the amount transferred from the
collecting plate was trapped in the storage plate and
the total amount was the same as that before storage
(DEHP amount before storage : 2601 ng). For storing
the collecting plate, a sandwich method of shielding
the upper and lower surfaces of the collecting plate
with a quartz plate was applied.

3000

2500
2000
1500
1000

500

Adsprption amount of DEHP(ng)

Adsorption position

Figure 13 Adsorption amount of DEHP
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Study on the Quantitative Evaluation Method of SVOC in a Vehicle Cabin Using the Passive Method

3.3 Measurement of SVOCs in the interior of
a vehicle by the plate method
The results of SVOC determination in the
interior of a vehicle are shown in Figure 14. 2E1H
and BHT were more efficiently captured by active
sampling using Tenax than with the plate method.
However, for DOA and DEHP, the efficiency of the
plate method was good. The results for DBP were

dispersed because of its low concentration.

10000

W Tenax-TA(outdoor)
OTenax-TA
1000 W Plate(outdoor)
H Plate
@ palate with cooling unit

100

Amount of substances (ng/unit)

0.1 . 8
PFEL LRI DR TR
& OLF (}&&&Q@ Q’(/;GQO S

v

Figure 14 Quantitative results of SVOC
into vehicle interior

The ability to efficiently collect the components
by the passive method can be said to be easy to
adhere to the skin etc. That is why components such
as DEHP are regarded as a problem concerning
absorption toxicity (dermal toxicity) of the skin.

Furthermore, DBP, DOA, and DEHP could be
more efficiently collected in a device equipped with
a cooling unit, which likely facilitated condensation
because of the temperature difference. The results
obtained via outdoor and environmental-test-room
active sampling and those obtained with plates were
similar. The results show that an environmental test
room equipped with an infrared lamp can reproduce
outdoor storage conditions. The temperature and
humidity during the outdoor test are shown in
Figure 15.
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Figure 15 Temperature and humidity in the
Cabin

The influence of humidity in each method will
be described. Active sampling using Tenax has been
reported '’ to be less sensitive to humidity. On the other
hand, regarding the plate method, the efficiency may
differ depending on the components to be collected. In
other words, in the case of a hydrophilic component, the
efficiency is considered to be improved when the humidity
is high. In order to reduce the influence of humidity, it
is important to prevent dew condensation from occurring
on the plate surface, so the plate may be stored at the
evaluation temperature before being used for evaluation.

Next, the influence of ultraviolet rays will be
described. Although it is reported "V that general VOC
is a cause to generate photochemical oxidant by sunlight,
there is no actual measurement case in the passenger
compartment. Also, since ozone is required for this
reaction, it is considered that ozone is hardly generated
because short wavelength ultraviolet rays are cut when
sunlight passes through the glass. I think that it is better
to distinguish properly using active sampling and plate
method by the route of toxicity of the target ingredient

(inhalation, transdermal).
4. Conclusion

(1) Thermal desorption was found to be a suitable
method for desorbing SVOCs adsorbed onto
the plate.

(2) Among the investigated plates, the quartz
plate exhibited the best desorption ability of
an SVOC reagent dropped onto the plate and
the best adsorption ability of DEHP released
from the automobile parts.

(3) By sandwiching the collecting surface of the
plate after collection with a quartz plate, we
could assess the total amount of trapped SVOCs
by quantitatively analyzing the sandwiched plate
at the same time as the collecting plate.

(4) SVOCs in the interior of a vehicle were
quantitatively evaluated using a quartz plate. The
results showed that evaluation could be conducted
more efficiently than with active sampling.

(5) SVOCs emitted from the vehicle interior were
evaluated using a quartz plate. The results
confirmed that the assessment is more efficient
than that with conventional active sampling. In
particular, DEHP could not be detected by active
sampling but was detected by the plate method.
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On the basis of the aforementioned results, we
examined the procedure using quartz plates to evaluate
SVOCs. Although some components were difficult
to evaluate because of their low concentration, we
successfully evaluated components such as DOA and
DEHP, which are difficult to evaluate by conventional
methods. We believe that this method can be used for
evaluating transdermal exposure to DEHP because
the passive method does not use a pump and readily
enables long-term evaluation.

In addition, in order to evaluate the occupant’s
exposure, it 1s necessary to carry out the measurement
according to the riding time of the occupant using this
method.
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Application of Aluminum Alloy for Commercial Vehicle Mass Reduction
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Abstract

Aluminum alloy application technology for vehicle
mass reduction is extremely important at not only
passenger vehicle but also commercial vehicle. This
paper shows how aluminum alloy are applied for
many kinds of Isuzu commercial vehicle actual
parts, development examples, results of fundamental
experiment and what future technical problems to solve
are.
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Shortening Casting Cycle Time by New Mold Cooling Structure
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Abstract

To improve the productivity of die-casting,
shortening cycle time is important, and it is effective
to shorten solidification process time. As a result of
shortening solidification process time, mold becomes
high temperature, because of the mold cooling were
prevented, and sometimes occurs trouble because the
molten material in the mold does not solidify.

In this paper, we introduce the case study that
strengthens mold cooling and shortens casting cycle
time by adopting a new mold cooling structure that
improves heat transfer efficiency by using materials
that are bonded steel and copper by diffusion welding,
and the results of the durability survey of the new mold
cooling structure.
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Development of Heavy Duty LNG Truck and LNG Refueling Station
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Abstract

Natural Gas emit less CO,, compare to diesel fuel by
unit calorific value. And using Natural Gas to Heavy-
Duty truck which drives much more distance than
passenger vehicle in transportation section decrease CO,
more effectively. Especially LNG can mount more fuel
to a vehicle so driving distance can elongate more than
1000 km, additionally have economic advantage. As a
purpose to spread LNG vehicle and realizing low carbon
transport we attend Ministry of Environment subsidy
project THeavy-Duty LNG truck and optimal design
for refueling infrastructurel and developed Heavy-
Duty LNG truck , construct LNG refueling stand and
demonstrating driving was performed.
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Development and Validation of a Semi Two Site Kinetic Model for Severely
Aged Cu-SSZ-13 SCR : Inclusion of Ammonium Nitrate Chemistry and High
Temperature NH; Oxidation by NO,

Chintan Desai *

Abstract

® SCR model for severely aged condition
® Ammonium Nitrate (AN) chemistry
e High temp NH; oxidation by NO, to NO

In this study, we present the development and validation of a one-dimensional numerical SCR model over
Cu-SSZ-13 catalyst. The kinetic model was developed for severely aged catalyst based on the micro reactor data
collected using ORNL SCR protocol. The operating condition for this data collection and model development were
one aging condition, two space velocities and temperature range of 150—550°C. The protocol used for this work had
argon as balance gas giving us important information about N, generation and assist in model calibration. Overall,
the model consists of NH; adsorption/desorption, NH; oxidation by O, generating N,, N,O and NO, NH; oxidation by’
NO, generating NO, SCR reactions generating N, and N,O, AN chemistry.

The developed model is a semi-single site model. Only NH,; adsorption and desorption is developed using 2 sites,
while all the SCR reactions are modeled using 1 site to adhere to the predominantly single site behavior after severe
aging and also to keep the model simple. At low temperatures, effects of AN (ammonium nitrate) were observed and
were modeled accordingly, 4 key reactions contributed to the AN chemistry such as AN generation, AN consumption
by NO, AN decomposition to N,O and AN decomposition to HNO,; and NH;. It was found that AN decomposition
to HNO,; and NH, was crucial in predicting the experimental behavior. These modeling efforts gave us some more
insights for AN which will be important in the future for the low load operations where temperatures are around
170°C. At higher temperatures, NH; oxidation to NO was observed, its effect was pronounced and sharp at 500°C
and 550°C, this behavior was captured by modeling NH, oxidation by O, generating NO and also NH, oxidation by
NO, generating NO, the later reaction was important in predicting the experimental data in the presence of NO,.
This SCR model predicts the important trends from 150—550°C for severely aged catalyst. The developed model is
validated with additional micro reactor data at different ANR (Ammonia to NOx ratio) and engine dynamometer
testing. The final developed model has numerous applications such as future hardware selection, DEF (diesel
exhaust fluid) dosing calibration, model based controls etc. Future works include the modeling of different aging
conditions and poisoning effects such as sulfur.

1 Introduction catalyst the reductant are always present on the

catalyst. Due to this reason, it is relatively difficult

With the growing demand for diesel vehicles,
there is an important task of controlling the
emissions. The common pollutants are CO,, CO, NO,
NO,, N,O, soot and HC. The automotive industry
has developed catalytic solutions to convert these
pollutants into non-harmful gases. Converting NOx
emissions is a challenging task for which selective
catalytic reduction (SCR) catalyst is used. SCR is
used worldwide in mobile and stationary application
since long. Now, about a decade ago to meet the NOx
regulations, the on road diesel industry are using
SCR to convert NOx. SCR is different from other
diesel catalyst because the reductant is introduced
in the SCR as per the NOx quantity while in other

to calibrate and model the SCR. The reductant used
for SCR is urea water solution (32.5 wt. %), which
is dosed upstream of the SCR. The urea water
solution converts to NHj, which acts as a reductant
to convert NOx. NH; reacts with NOx as per the

following global reactions :

ANH, + 4NO + 0, — 4N, + 61,0 (1)
2NH, + NO + NO, — 2N, + 6H,0 )
ANH, + 3NO, = 3.5N,+ 6H,0 3)

Reaction 1 (R1) is known as “standard SCR”,
R2 is known as “Fast SCR” because it is generally
3-6 orders faster than R1 and R3 is known as

* Isuzu Technical Center of America, Inc.
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“NO, SCR”. NH; is not always consumed by
NOx and O, to selectively generate N,, but some
undesirable reactions also occur, generating NO,

N,O etc. The global side reactions are as follows :

4NH; + 30, — 2N, + 6H,0 (4)
4NH, + 50, — 4NO + 6H,0 (5)
Another regulated greenhouse gas, N,O is
generated by the SCR reactions as per the following

global reactions :

2NH, + 2NO, = N, + N,0 + 3H,0 6)
2NH, + 2NO + 0, = N, + N,0 + 3H,0 (7)
2NH, + 20, = N,0 + 3H,0 ®)

Many types of SCR catalyst are used in the industry
and every type has some unique properties. Vanadia
based SCR has a wide use in stationary application.
Cu and Fe based SCR catalyst are used mainly
for mobile applications. Fe-SCR has higher NOx
conversion at high temperature compared to the low
temperature regions so, they have been replaced by
Cu-SCR for their high NOx conversion in low and high
temperature regions and also they are stable to long
exposures of water and temperature. There are many
types of Cu SCR such as Cu-ZSM-5 which is medium
pore size 10 membered ring, Cu-BEA which are
12-membered ring type zeolites while Cu-SAPO-34
and Cu-SSZ-13 are small pore 8 member ring.

Due to the relatively simple structure of
Cu-SSZ-13, it is studied in detail to know the
mechanistic nature of the reactions. Today, the
most important reactions such as NH; adosorption/
desorption, NH; oxidation, standard SCR, fast SCR
and NO, SCR are sufficient to capture the trends of
SCR catalyst by a model. For Cu-SSZ-13, [18] has
proved the presence of two distinct active sites for
SCR reactions, the sites are Cu'? directly attached
to the repeating units (Z,Cu) near the six membered
ring and extra framework Cu'® stabilized by -OH
ligands (ZCuOH). There is migration of the Cu from
one site to the other upon hydrothermal aging but the
total quantity of the Cu remains the same. The site

migration is represented by the following reaction :

ZCuOH + 2H — Z,Cu + H,0 9)

The development of a mathematical model of the
SCR catalyst will help in simulating various engine
operating conditions to see the NOx conversion.
In particular, the engine calibration engineer can
run a DOE of parameters such as engine out NOx,
temperature and exhaust flow rate to understand
the trend of NOx conversion with respect to engine
out temperature and flow rate. These conditions can
also be performed in the test cell but it will take
time so, model can be used as a tool to run additional
experimental conditions to gain more directional idea
for the calibration. The model are faster than real
time about 20 times, based on the type of solver and
discretization one uses. This model can be used at all
time during the development V cycle, in the beginning
of the project it can be used for base engine calibration,
during this activity the model fidelity should be
reasonable to predict the NOx conversion trend. Then,
as per the feedback from the calibration engineer,
the model should be improved in the necessary areas.
Thereafter, the aftertreatment calibration engineer
can use the improved model and again based on the
feedback the model should be again improved. Until
the time the model reaches the end of the V cycle, the
OBD team starts using it and by this time, the model
will be a high fidelity model based on the feedbacks
given during the V cycle. This explains the usage of

model during the whole product development cycle.

The objective of this work is to develop a SCR
catalyst model for full useful life aging condition. A
single site model is developed because at this severe
hydrothermal aging condition of 800°C 16h most of
the high temperature sites have migrated to low
temperature sites. The use of this model is per the

usage explained in the above paragraph.
2 Experimental Methods

The experiments were performed on a commercial
Cu-SSZ-13 catalyst. The monolith used for the core
reactor experiments was a square cross-section with
the following physical properties: 16.67 mm height,
178.105 mm length, 300 cells per square inch (nominal
cpsi) and a wall thickness of 0.127 mm. The length of
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the monolith used was similar to the full-scale SCR.
However, the purpose of doing this was to account
for any axial washcoat non-uniformities that might
be present. The monolith sample was placed inside
an insulated quartz tube, and feed gas of varying
composition and temperature was passed through it.
Three K-type thermocouples were utilized to track
the inlet gas, mid-bed and outlet gas temperatures. In
general, for most of the experiments, the difference
between the three thermocouple readings was below
5°C. This confirmed the near-isothermal reactor
The only

gradients were observed was during the ramp-up

operation. instance where noticeable
and ramp-down sections of the test protocol, and
these were accounted for in the reactor model. The
inlet and outlet gas compositions were measured
using a MKS 2030 FTIR Continuous Gas Analyzer.
Additionally, a mass-spectrometer (Hiden Analytical
HPR-20 MS QGA, referred to as MS) was used
at the outlet, which enabled utilizing Argon as the
balance gas, allowing for transient N, concentration
measurements. This was very useful to confirm closure
of nitrogen balance, and allowed for validation of the

simulated chemical reactions.

Prior to reactor testing, the SCR sample was
hydrothermally aged in the presence of 10% H,0/
air : 800°C for 16-hours (ageing). The reactor testing
consisted of three types of experiments : temperature
(TPD),

programmed reaction (TPR) and isothermal reaction.

programmed  desorption temperature
The TPD experiments were specifically performed
for characterizing NH; storage, while the isothermal
and TPR experiments were utilized for isolating the
remaining reactions. An internal SCR test protocol
was developed for each of these experiments. This

protocol included the following :

e NH, TPD experiments consisting of an isothermal
portion at 150°C, 200°C, 300°C and 400°C,
followed by a ramp-up to 550°C at a rate of 10°C/
min. 0.2% O, was used for the TPD experiments,
and this is discussed further in Section 4.1

® Jsothermal
between 250°C-550°C to sequentially characterize
NH; storage, NH; oxidation, NO oxidation, NO
(Standard) SCR and NO+NO, (Fast) SCR at an
ANR of 1

experiments at seven temperatures

® Jsothermal experiments at five temperatures
between 250°C-150°C for NO and NO+NO, SCR
at an ANR of 1, followed by a transient ramp up
to 550°C at 10°C/min

® [sothermal experiments at nine temperatures
between 550°C-225°C for NO, SCR at an ANR
of 1.33, followed by a transient ramp up to 550°C
at 10°C/min. Pure NO,-SCR conditions below
225°C were avoided to prevent NH,NO, deposit
buildup and plugging. These conditions represent
unrealistic domains not encountered in real world
applications

® Jsothermal experiments at five temperatures
between 250°C-150°C for NO and NO+NO, SCR
at an ANR of 0.8 and 1.2, followed by a transient
ramp up to 550°C at 10°C/min. These experiments
were utilized for model validation

All the above experiments were repeated for a
degreened and aged catalysts at two gas hourly space
velocities (GHSV) at STP : 30,000/h and 60,000/h.
For all the degreened catalyst experiments, 4.5%
H,0 and 5% CO, was used, representative of real
diesel exhaust. However, it was observed that
the quality of the N, readings from the MS was
relatively poor when CO, was present in the feed
gas. Ordinarily, N, at a mass-to-charge (m/e) ratio
of 28 is relatively easy to measure with the MS.
However, 5% CO, in the gas stream created a

problem, as there was sizeable fragmentation from
CO, to CO", which is picked up at m/e 28. At a

typical electron filament energy of 70ev, the CO"
from the CO, completely overwhelmed the small
signal from N, at m/e 28. Since CO, had absolutely
no influence over any of the experiments (this was
confirmed in further independent experiments), it
was not used in the aged catalyst experiments, to

obtain a better quality N, trace.

Since multiple experiments were conducted for 2
different conditions (2 GHSVs and 1 hydrothermal
ageing conditions), the following nomenclature is
used in reporting the data and model prediction
results throughout the paper :

A-30 : aged catalyst at GHSV of 30,000/h
A-60 : aged catalyst at GHSV of 60,000/h
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Figure 1 shows the mole fraction concentrations
of an isothermal experimental trace at 250°C for

D-30, along with the corresponding nominal inlet

concentrations.
NH; Storage 300 ppm NH;, 0.2% O,
NH; Oxidation 300 ppm NH3, 10% O,
NH3 hventory 300 ppm NO, 10% O,
NO Oxidation 200 ppm NO, 100 ppm NO,, 10% O,
NO SCR 300 ppm NH5, 300 ppm NO, 10% O,

NO + NO, SCR 300 ppm NH3, 150 ppm NO, 150 ppm NO,, 10% O,

NO,-SCR 300 ppm NH3, 225 ppm NO,, 10% O,
NH, Storage/ :r:’, rli"ovmw NOSCR ;gko NO.
D-30250C e
400 ~—NH3 In=——NO Inf—NO2 In—( 125
(____A“— 1 ds
r_r q : 100
g g
§| 75 5
-1 [
H H
g
4 s 3
E o
25
-
DO 50 100 150 200 250 300 350 400 450 500 550 600 ;; 708"J
Time [min]
Figure 1 Isothermal experiment inlet mole

fraction concentrations :

D-30

at 250°C ; 4.5% H,O and 5% CO,

used in all steps

Table 1

3 Kinetic Modeling

3.1 Governing Equations

GT-Suite v2019 was used to develop the model.
The details of the equations can be found in our
previous literature'”. The difference in the current

model compared to our previous work is as follows :

1. Temperature dependent diffusivities for NHj,
NO, NO,, N,O and N,

2. Axial discretization of 40 sub-volumes

3.2 Kinetic Model

The approach for developing the kinetic model
relied on semi-global reactions to describe the
surface chemistry. Eley-Rideal type kinetics were
used, with reactions occurring between diffused
gas-phase species and adsorbed NHS(Z). As stated in
the introduction section, it has been shown that two
chemically distinct active sites exist for NH;-SCR
over Cu-SSZ-13%. In addition to the copper sites,
additional Bronsted acid sites also exist, along with
low temperature physisorbed ammonia sites”. The
number of sites to include in the global kinetic model
was decided based on analysis of data from the
NH,;-TPD experiments. For the aged catalyst, only

a single desorption peak was visible at ~300°C, and

Reactions andrate expressions

No.

Reaction

Rate Expression

R1

NH; + S1 «» NH4(S1)

rif = Ky fynu, 051

Tip = kl,beNH351nl

R2

NH; + S2 e NH;(S2)

o = Ko fYNH, 05202

Tap = kz,beNH3SZ Q,

R3

4NH,(S1) + 30, — 2N, + 6H,0 + 4S1

— 05
r3 = K3y0, Onmys101

R4

4NH,(S1) + 50, — 4NO + 6H,0 + 451

— 0.5
Iy = k4Y029NH351Q1

RS

2NH;(S1) + 20, —» N,0 + 3H,0 + 251

— 0.5
I's = ksYozeNH351Q1

R6

NO + 050, « NO,

Yno,
Q.
e

Te = ks(yNng'zs -

R7

4NH;(S1) + 4NO + 0, — 4N, + 6H,0 + 451

— 05
r; = k7}’NoYo2 ONH,510

R8

2NH,(S1) + 2NO + 0, — N, + N,0 + 3H,0 + 251

— 05
rg = ks)’NaYuzeNHas1ﬂ1

R9

2NH;(S1) + NO + NO, — 2N, + 3H,0 + 251

o = Ko¥noYno,ONHss10

R10

2NH;(S1) + 2NO, — N, + NH,NO3(S1) + 3H,0 + S1

k1o)’NazeNH351Q1

Fg = —o2NOz NHsS171
T+ Kan—-s1ONH,N0,51)

R11

NH,NO,(S1) + NO — NO, + N, + 2H,0 + S1

Iy = kllyNoeNH4N0351ﬂl

RI12

NH,4NO,(S1) — N,0 + 2H,0 + S1

I = klzeNH4N0351ﬂ1

R13

NH,NO4(S1) — NH, + HNO; + S1

ri3 = Ki36nm,n055202

R14

2NH,(S1) + 3NO, — N, +3NO + 3H,0 + 251

s = K14Yno2OnHgs1

R15

8NH,(S1) + 6NO, — 7N, + 12H,0 + 8S1

Iis = leyNOZSNH351ﬂl

R16

2NH,(S1) + 2NO, — N, + N,0 + 3H,0 + 251

Ti6 = leyNDZeNstlﬂl

— 157 —




WIS HE 1315

the intensity of this peak decreased with adsorption
temperature, as expected. Here NHy adsorption and
desorption is modeled on two site, site 1 accounts
for chemisorbed site and site 2 accounts for
physisorbed site, and all the SCR reactions occur on
site 1 because it is chemisorbed and it participates
in SCR reactions unlike physisorbed sites where
reactions don’t occur dominantly. Figure 2 shows
the NH; TPD at 150°C, used for model calibration.
NH; TPDs at 200°C and 300°C were also used to

model the NH; adsorption and desorption phenomena.

] ;gg —NH3 In

—NH3 Out Exp
400 G —NH3 Out Sim
4300 | E —Inlet Temperature
q200 2

'\ 1100
(1]
4000 6000 8000 10000
Time [s]

Figure 2 NH, TPD at 150°C for aged condition

The overall reaction mechanism is shown in
Table 1, where kf and kb refer to the forward
and reverse rate constants respectively, described
(10). In
equation (10), A and Ea refer to the frequency

according to the Arrhenius equation
factor and apparent activation energy respectively,
and T refers to the catalyst temperature. Species
concentrations in the reaction rate were described
in units of mol/m®, and the overall reaction rate was
described on a turnover number basis, in units of

3
mol/m” reactors.

—Ea

k= Ae®  (10)

A two-site modeling approach was used, with
unactivated ammonia adsorption. In literature, NH;
desorption models utilize differing approaches,
including the constant activation energy (LLangmuir)
approach as well as coverage dependent activation
energy (Temkin) approach®. In the present model,
desorption from site S1 was modeled using the
(R1I-R2 in Table 1),
desorption from site S2 was modeled using the
Langmuir approach (R3-R4 in Table 1). R3,4,5
are used to model NH; oxidation generating N,
NO and N,O respectively. It is observed that NH,

oxidation has two different activation zones, low

Temkin approach while

activation zone generating N, and high activation

zone generating NO. R6 is the NO-NO, equilibrium
reaction, R7,15,9 are the SCR reactions selectively
generating N,. R8,16 are SCR reactions generating
non selective N,O. R10,11,12,13 describe the AN
(Ammonium Nitrate) chemistry, where R10 is the
formation of AN, R11 is the titration of AN by NO
to generate NO,, R12 is the AN decomposition to
N,O when the temperature is higher than about.
170°C and R13 is the AN decomposition to NH;
and HNO;. Lastly, R14 explains the NH; oxidation
by NO, to generate NO at high temperatures. The
novel features of this SCR model is the inclusion of
AN chemistry by R10,11,12,13 and NH; oxidation
by NO, which is R14.

The calibration of the rate constants was done

in a sequential manner, with specific isolated
experimental data. The optimization algorithm used
was primarily the well-known genetic algorithm
NSGA-III®, in combination with a gradient based
Nelder-Mead Simplex method” once the optimal

domain was identified.

4 Results and Discussions

4.1 NH; Adsorption/Desorption Reaction
For detailed explanation of the modeling NH,

adsorption/desorption please refer our previous
work [1]. The modeling approach adopted in this
work is very similar to [1]. This work is only
different from the previous work with respect to
the aging condition, which is 800°C 16h. With this
severe aging the SCR shows different behavior as
will be explained later. We will start understanding

out results in the following sequence :

1. NH; adsoprtion/desorption
2. NH; Oxidation

3. Standard SCR

4. Fast SCR

5. AN Chemistry

All of the shown results are the reactor results
for 60K (1/h) standard space velocity. Figure 3
shows the NH; adsorption characteristics with

change in the adsorption temperature from 150°C,

200°C and 300°C.
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Figure 3 NH; TPD for 150,200 and 300°C

The results shown in Figure 4 are the final model
predictions after calibrating the kinetic parameters
for NH; adsorption/desorption reactions. R1,2,3 and
4 from Table 1 were used to calibrate. It is clear
that the model is able to predict the NH; storage
reasonably well. This is the most important part
of model calibration as it will predict the amount
of NH; available on the surface for reaction at any
given temperature, NH; concentration and flow rate.
Site density () and the coverage fraction of NH;
both together govern the quantity of NH; on the
surface for reaction. Once, the kinetic parameters
are calibrated for NH; adsorption/desorption then
we do not change them and proceed with calibration

of remaining of the reactions.

The next step in calibration is the NH; oxidation
reaction; here there are 3 main products which
are Ny, NO and N,O. Figure 4 shows the model
sufficiently predicts the trend of oxidation, it is
seen that there are 2 slopes for NH; oxidation,
first is from 250-400°C which is the region for N,
generation and second is from 400-550°C which is
the region for NO generation in majority and N,O
generation in less quantity. The model predicts the
NO and N,O generation very well. There are two
O, concentrations used 0.2% and 10%, the reason is
to calibrate the order of O, dependence in the NH,
oxidation reaction. From literature, we know the
value should be around 0.5 and the model calibrated
value was 0.5366. Interesting part is that at high
temperatures 500 and 550°C some amount of NO
is generated and as per reaction 7 of Table 1, the
generated NO will participate in the standard SCR
reaction. Therefore, to account for this phenomenon
we calibrated standard SCR reaction and NH,
oxidation reaction together. In real world there will

not be any scenarios where there is only O, and
NH; in the system, there will always be NO and
O, present together so, this approach will help in

developing correct kinetics for the model.
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Figure 4 NH,; Oxidation at 60K (1/h) SV

Figure 5 shows the results of the standard SCR
reaction, the NHj conversion is well predicted
because every SCR reaction consumes NH;. The
important temperature at 150°C and 175°C, the
model capability of NH; prediction should be
judged because the experimental conversion is not
100% so there is no issue of model overfitting the
experimental data. Here, high temperature NO
conversion and N,O generation are not predicted
well due to the interaction of NH; oxidation to
generate NO. We did not try to tune the kinetic
parameters of standard reaction to predict
NO conversion rather we focused on achieving
a reasonable prediction for all the four plots
shown in Figure 5. Lastly, from the N, plot in
Figure 5 it should be clear that between 200°C and
400°C where standard SCR reaction selectively
generates N,, the model is predicting N, very well
but at higher temperature the model struggles to
capture the actual phenomena. With aging, there
is a change in the individual active sites but the
total number of sites remain the same. Here, in
this work we assume that with aging all the sites
have migrated to low temperature region hence, we
are ignoring the fact that sites associated to high
temperature region might have an effect on SCR
reactions at high temperatures. It is proven that

at high temperature there is formation of CuOx
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clusters with severe hydrothermal aging (800°C
16h) and that results show some different trends

for SCR reactions at high temperature regions.

SSCR NH3 Conversion
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Figure 5 Standard SCR results for NH;,
NO, N,O and N, predictions

Fast SCR reaction occurs in the presence of
equimolar concentration of NO and NO, and the
NH; to NOx (NO+NO,) is one. This reaction makes
it possible for the SCR to convert NOx at about
90% efficiency at 200°C. From Figure 6 we can
see that NH; prediction is reasonably well but the
model is not able to predict NO at 350°C and 400°C.
Fast SCR chemistry is complex because NO, is
adsorbed on the surface as nitrates and then they
participate in SCR reaction and in this model we are
developing global kinetics so, the detailed reactions
are not modeled to capture the exact effects. N,O
predictions are good as shown in the bottom left
figure, the model is able to predict the high N,O at
low temperature, low N,O at medium temperature

and again high N,O at high temperature.
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Figure 6 Fast SCRreactions for NH;, NO,
NO,, N,O and N, predictions

5 Conclusions

In this work, a detailed global surface reaction
model was developed to describe the behavior of
a well-characterized Cu-SSZ-13 catalyst for
NH,-SCR in a temperature range of 150°C-550°C
for two space velocities (GHSV: 30,000/h and
60,000/h at STP) and one hydrothermal ageing
(850°C for 16-hours).

mechanism proposed was identified based on detailed

conditions The reaction
understanding of the available experimental data, as
well as conclusions from literature relating to the

nature of active sites present on this SCR catalyst.

A large experimental protocol was used to
calibrate the reaction kinetics under all operating
conditions, and included stead-state, isothermal,
TPR and TPD-type experiments. In general, the
kinetic fitting of the parameters to these experiments
was reasonably accurate. NH;, NO,, NO, N,O and
N, predictions justified the modeling approach
of including the reactions only on S1, leading to
reduced computational complexity. Furthermore,
the steady-state SCR behavior was described

successfully using the global reaction chemistry.

A complete global SCR model should serve to
emphasize the range of validity required for a global
model for its utilization in model-based control
applications. The developed SCR model requires
full-scale validation on an engine dynamometer.
Along with the SCR model, ASC model was also
developed and both the models were used for engine

and aftertreatment calibration work.
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Structural Analysis of Ash Loaded in Diesel Particulate Filter
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Abstract

Ash accumulation in a DPF affects the pressure drop
across the DPF and reduces the accuracy of determining
the pressure drop caused by the particulate matter
loading. It is therefore important to determine the
effect of ash on the pressure drop. Herein, we used a
used DPF that was installed in a vehicle to investigate
the ash distribution within the DPF. In addition, ash
samples with different thicknesses were collected from
the DPF and the pressure drop was measured across
each sample. Furthermore, using scanning electron
microscopy, we analyzed the micro structures of the ash
layer at several points.
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JEDIE XM R EL BAEAD DD DD 5Tz, —H
T, E14,15, KU 16 &0, &LD Ash HEFHIRRE
AN BT Bk 5 THD, Ash DHERLINAE
BRI —THBIErbh -7,

HH
e
RS

1 e I 55 I e

1 2 3 4 5

14 &BIVICHITD Ash BFHE S
(Sample2, i)
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350
300 -
250 -
200 -
150 +
100 -
50 -

Ash Layer Thickness[pm]

6 7 8 9 10

15 &HBIVIIHITS Ash BEHEX
(Sample?2, #&imE)

350
300 -
250 A
200 + 8-10

150 | plug ash
100 -
50 |

Ash Layer Thickness[pm]

6 7 8 9 10

16 BHILIZHITS Ash BFEHEX
(Sample3, #immE)

3.3 Ash BEEHERER

1713, SEM H{§&f#th &0 153 5 =Rt o5 A K
OO —H & LT, Samplel DR Am &
R TR AN IS - A A £ o)) 0Nt ST A E A e v
LIS DENHBHEDD, Kifk K 2 REE A DR
WEREHC K SR LTl D, RifE R UZERR R 75 A D
Y= EIFR 17 LR L TRELSE DS 572,
72, £21%, SEM H{§# T/ Sz &alklo
Ash FEOkEE (RO, V22, Z22[Eo
rhoufie) 289, &2 &0, Ash REOKIfE, 22K
OZEfRER 1T he DPF FiitOikEHEE /N &< %%
fe 2 RS Nz,

100

(a) Sample 1

Area Fraction[%]
wn
=}

\qo

QF QF
Particle Size[pm]

.6 (b) Sample 1

s i ©
B «° NN
Pore size[pm]

17 Sample1 ® (a) KES & (b) ZFEES

£2 SHHONE TRERVERE

*Particle Size | Porosity | *Pore Size
(1) (%0) (1)
Sample 1 0.48 74 1.9
Sample 2 045 75 2.1
Sample 3 0.36 70 14
Plug Ash 0.39 60 14

*: Median

3.4 TWiHENY DPF M Ash K%

% 312, SEM H{§fEHT &0 15 57z i mi s
HERE L 72 Ash Rife & BEH @7 o Ash Kiff oD Hik
T FITNT LD K Ash MIEHERE R ER K O AT
72 L AARIC HD truck 2 U722 9288 B4R IZ & D
B oMM Ash Rtk & 45 &, AHERER T
457z Ash Ki7151%, BEHO Ash — XK1 & [
B ThIEEZI6NS, 72771, AW%E Tl SEM Hi
1§37 & FITC Ash Riff 25 L Cn%72%, SEM
DG THER T 5HMA LD KEHRE (10 zm
P E) 28D Ash KiFI3rd R & i, 2
D=, BRI T2V, R EROFHEA T Hh
TN,

£ 3 BIEED Ash RIRHEE

o Ash loading
Particle size
process
0.1-0.5 pm
SAE Technical i
; echnical (Primary) Field
aper
20010101009 | oMM o
(Agglomerates)
04-1 pm
SAE Technical i
! ‘echnical (Primary) Accelerated
aper
) HD truck
2005.0137167 | B7100HM ( "
(Agglomerates)
SAE Technical Accelerated
cceleral
Paper About 1 pm B )
2006-01-0874® o
Field
This study* | 0.36—0.48 pm l
(HD truck)

*: calculated from SEM image analysis

7z, “RITOMERBICE S B THD, =k
TCH s REERE RIS o, Sk, BIEOREH K
OBIBFC Ash i SEM 158 K U AT % 1700,
Ash KifEDHLD 5 B OFH, FERRET O 1AL 1
BCOSGESE R O LR & TR S 5 M E A DB
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Diesel Particulate Filter (ZHEF& U 7= Ash D& &ERET

3.5 DPF N Ash ZfEFEDZE{L & DPF BE S &

BE# @ Tk, Ash 2 &t PM JE2ssmbl i kD
DPF TNk shb & 5bh b, DPF O Fif
T PMED PM »ABREEL, BrEIhsZiicky, &
DEEDE Plug Ash FERTEKT5EE Z 60T
%, Kiff72 15 5 N7 DPF & D2k %13, DPF
TWIEE NS B> THD, BEHE kOB K
ZoTWBEHE NS, $7-, itk DPF 2 ##iL <
W H O P HEEOIEEA» S8, ik DPF 358
FIFAE OB LB T QL EIONS,

4 HHUIC

AHfFeTiE, HiGmI &7z DPF W<, Ash
HERERY O DPF Ri#6 25 & Ash RS Okifk, 22
ROERE) AL, RO (1)~ (4) DFERE1F 72,
(1) Wall Ash D AN DPF ICHERE L T\ 5 L %,

DPF D424 1x DPF EFiA 5 FiichiI T
v -an=,

(2) DPF O¥LIZEWT, Ash iE AR — 5 HER 0 A
iz,

(3) AWEDOFE (SEM H{G#T) % H\WbZ &Itk
0, FEEXD Ash RS ICFEDW S R % 15
HTENTES,

(4) Ash DKiff, Z2PRHR K OZERFER, WIhd
DPF @O E#» s FiZhT TNEL 5T,

SHOPBELE LT, AshOV Y LK AEHRLT
[RIRR RS AT 2 170, S O 53 X O DPF
FAME 2L DPF O IR E Ash JEREE 25,
Ash HEFiRED DPF Ri#AEHEATT ML) PHlT5
ZENEIFONS,

ATk, EEFEERT s 49 & 6 STk
Nz L MEBEIED 458D TH 5,

SEW
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Construction of Multi-mixed Production Assembly Line

2 F

TGEROZAL, FHEMREA O R ENnS
HEONMEST B Z e A FN, EEFEMO N
G L BT AT, EMZTLIZT54 Y 2/ D28k
KEM T4 Y 28D, DX MEkETA v 2O &
LD R0, FHOONT s HEHUIIRGH A 8BS L
TWBEIHE F, PERTHERDEESEL KL ZEDHD,
RFETA VA MM/ 2 LM TE N0, (KB
T4V ETHB, 22T, SHIE LD EE
fRIRT 572D —DDEFN L LT, LmFERH
LIV 23 9y 3 VR4 Y OREEIZHD A
DOTHITEIT .

UGS o

Hiroshi Chikaoka
Abstract

Due to changes in market demand and short-term
introduction of new models, the ratio of production
models changes every day, but having a line for each
car model has a low load line In other words, it may
have a useless line. In particular, since Isuzu Motors
manufactures commercial vehicles, production of
conventional vehicles may continue for a long time,
and the production line cannot be easily abolished, so
low load lines tend to remain. Therefore, as a model to
solve the above problems, we have been working on the
construction of a transmission assembly line for multi-
mixed and mixed flows.

1 (2UBIC

WS HETHERE 4 TEIZIE NV 23 v g v
ML T4 LT, KELSDITT6 74 VHFIEL T,
W HEE IR BAE R EETE A 15, KD RED
ROWTHETE2012, 74 VOIS EIT->THD,
V23 v a VL IA VIZBWTE, 6 91V &
34 VITHAE L QK ENHTHS (F1),

AfaTid, OMUA/MVL/MVC #3254 &£@
MSB #3774 ¥ DA L35l 2387 LT,

*£1 BREITHENICAI Yy a HIT7M1
HA A%k

LCV |@OMUA / MVL / MVC #HNZ

+ |MUA / MVL / MVC / MSB %ﬂﬁ'

LD @MSB #H37

@MZZ / MYY FHAT

MD |@MZW HHAT

F ‘MZZ / MYY / MZW #ASZ ‘

®MBJ / MLD / MA s #S7.

D - [em s |

©MJT / MJX / MEB H37

2 EHBERINPAIvD a3 BEORNY

FIRF Y 5 SR O R E K O TR IS LT
ERCE

2.1 MUA DOIB&

@ Hi RS (PR 7Y — B 0)
(1)

@ 2B :5 SPEED

@ FvLiAs 4

@ FRaEpE A 14X 2 4X4

® Tk

R 7L — M2 LTEY - & v 7 b TR, 2
HEREHLS 2 fLAHT QK 2 T—DDF Y 4 T H/iL &
UCHEEL, B XB- bV A3y v g vr—AIC |k
POIAMM %)Y — 2 &2/ 5.

ZOH, KEATEBEH LTV AI v ¥ 3 VL,
aVbA—=LRy A VTR Y g YHVESNE
M5,

SR LTIV Ay a Vid, BT A TFILT R
M TRRICT, AL, SfERRE, S M, YA
O EERA TR L, A& mAH Shb,

A2TIror T BETL—F avbA—LIRYIR AL NTE

roURIVTaY houE—TxTk
r—2

X1 MUA (4 X2 EFI)

*PT 43
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2.2 MVL &

OFi 3 : RIS (P 7Y — b sL)
(X 2)

@ 2P :6 SPEED

@ Fvrrit 2

@ BrEpZA 14 X2 4X4

® Tk

FY - v 7 MY TN, 2D TR A G e
IZC— ML XY, ELXB-bFVAI v g v —2X
12 B AMM BRIy — 22/ 5, 2D,
KN RT LS5V A3y g /I, Ay ha—
MRy TR bIVARI v g VAR AT S,

SR LTIV AIy Y a Vi, BT A TFILT
b TR AT &,

AT IrovTh AVPA—LRYIR AU w TR

FSURZVLaY  phLs—xTk
r—A

2 MVL (4 X 2EFI)

Yrr—2

2.3 MVC D&

O H fRiERESE (b 7Y — F L)
(X 3)

@ 2R :6 SPEED

@FYLot 1

@ BrEpEZA T4 X2

® T.i%

MVL A~X—2 L L7 LD (& :Light Duty) bJ v
ST HEAITHS MVCIZY Y7 — 2 & /T 3£ T,
MVL ERIUL#ETHS, )Yy — 2 &2/ T %Kiz
VAT —=FOMHTETS . TDR, KPITEEE
BNV AI vy g /s, JLV—=FKF4, a/b
O— LRy VAR TV A v Y g VAR O
FIFERRT, BET 74 F T A b TR % $C HfT &
hs,

AVTYbow Tk AVRA—LRYIR YN —R AU vTh

FSURIYYAY AUV E—IwTh wuA—TJL—F
r—2

X3 MVC

2.4 MSB O#&&

@ Haxt DN A TG (K14)
@ ZHEE :5 SPEED
XVt 2

@ HREpE A 14X 2

® Tk

K@ NIz, NZAZTOEHEBIRE LSV
239y a =2 LT, FY -V 7 M THLE,
ZHERER S A K A A C0E, avbe -tk y
D INTCEET D, TD%, BifRIZIT v FNTV VT,
VY N —Z T 721%, v a2 T —FHOTIT YV
VEMMNT, BT 7 AFILT A TR AR T X
hs,

AT IbvTh T=R UNIT—R AULxTh

woA—TL—F

II9F . Hhoo8—xTh Ho5u s

X4 MSB

SRS TEH T4 v OB EENT 5,

3.1 MUA/MVL/MVC #8351 >

MVL/MVC @ 2 $i7/113 2015 4512 v EiF 4250 %
BB LWLV 23 9 v 3 v ThHD, HUi%bT
VZ3I vy ¥ a O EFRIIZIE MUA SR T A4
VHELE TR, L EFIZADETIA v DF|
FELEIT 72, 74V EFIZETIIHz - TUE, Hix
JIMUA OHEFZROWH / sl A2752&T, /1=
VXY NAANEWATOIA VIR ET 572, £7220
BE, MUA 94 v A7 b & RESTIET, Sk
% 3/4 MG XEB T ENTES,

TAV EBRETHE N B RAEREREERICK ST
X, RELEAHDZEn5510, TIREGGEOREN
RATE, £, SBOETLF = VOIS T, 4
PERY 2 — 2OBIMA TSN, Wb kpEae i
MR LT Tz,
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3.2 MSBEIZ1>

MSB #1374 13 2005 G2 FEIRES 4 TGRS
ENzF7A4 2V Thb,

M LI R AR BERE ) BB IS & — AT - Tk, R
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THEE XN Tz, LA L, 2010 FRIRRIZIRIE A2
DAL E ] 2 RBETOMEES &7 5 Q.
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BEND, ZDED MF4 Y EOMEDBERDH 5 7=,

4 BELIHOIE
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me | oo | 300 | mm | Lvam
MUA B 5 = 5 4
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I
Ed
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5 HEFRRIHEEER
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Automotive Engineering Exposition 2019 Hosted by JSAE
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[AELBEDT 2 70y —JE 2019 ] ARl Xh-,

Wi s HEj I HB RS OB E e LT
JBLTED, Wi s O@EWEHli e ttba=— 2 ~0%
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Aa R U=,

BRI R

Youhei Iida
Abstract

Automotive Engineering Exposition 2019 hosted by
Society of Automotive Engineers of Japan, Inc. (JSAE)
was held.

ISUZU takes part in this exposition as JSAE
member and devises a better exhibition so that
visitors understand its high lever technology and its
correspondence to social needs.

In 2019, we exhibited ’18 ELF and 4JZ1 engine
to which the latest technology is applied. For safety,
economic and environmental technologies, we
introduced the latest achievements in ISUZU, along
with the exhibits.
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