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Drive Torque O A A
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Small Direct ©) O A~O
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Fig.2.1 Schematic Diagram of ECD-U2P
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Table.2.2 Engine Specification

Engine type 1CD-FTV 2C-TE
Displacement (L) 1.995 1.975
Cyl.No.-Bore X Stroke (mm) L4- ¢ 82.2 X 94 L4- ¢ 86 X85
Combustion System Direct Injection Indirect Injection
Compression Ratio 18.6 : 1 23.0:1
Intake System with Tnteregoler -
Valve Train 4-Valve DOHC 2-Valve OHC
Fuel Injection System g;gl;:;on Rl ]Iiljsetg?;l r:(gu'fr}llg ©
Max. Power (kW/rpm) 81/4000 66/4000
Max. Torque (Nm/rpm) 250/2000~2400 203/2200
EC Driving Cycle
Fuel Consumption (L/100km) 5.7 6.4
Table.2.3 ECD-U2P Specification
Control Method 2-Way Valve W/Flat seat
Injecter | Nozzle Type VCO
Hole Number/size 6 *00.14
Type Inner Radial Cam and Tandem
Pump | Conrol Methd Suction Metering
Delivery Capacity 1047mm>/rev.
Max Pressure 135MPa
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Fig.2.4 Engine Performance
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Fig.2.5 Specific Output Comparison
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Fig.2.6 Exhaust Emission
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Fig.2.7 View of Intake Port CFD Model
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Fig. 2.8 Shape of the Piston Cavity

-13-



Table.2.4 Item of Investigation
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Fig.2.12 Simulation using AVL-FIRE
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Fig.2.17 Configuration of Valve Seat
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Fig.2.19 Valve Lift vs. Static Fuel Flow at Seat Valve
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Fig.2.27 Tandem Pump Control

Table.2.5 Characteristics of Pump

Single Tandem
Fuel Metering Pre Stroke | Inlet Metering
SR 60Nm 30Nm
Driving Torque
Noise Level Low Lower
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Fig.2.33 Effect of Annular Drain on Side Force Fig.2.34 Annular Drain
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Fig.2.36 Effect of the PVD
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Fig.2.41 Schematic Diagram of Engine Management System
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Fig.2.42 Calculation Schedule of Injection System
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ERRIZ XL 0 PMIXEBRLZBAGE L. RIFRIC PM AT OBREILBERIC L > TREICEBRIL SN S,
VAT AHEIENC L o TEREND Y v FREITB O TIE, NO & REDEMEEESE A NOx TE
RO S5, ZDNOIZHC BXLONCO T K- T N2y He0, CO2ITHEZE %, PMITOW
TIIREDEMBRICL > TBLEND, TDLEHRA D =KL TNOx & PM IZ[FIREHDE
FHICB b Z LIz b,

i FCORIGEELEDEUTOL IS, (OKIIEERESFE, MITEELHESRE L T5)
NOX (ZDWTIZBLF D & 9 72 Tl « BILRIS D L, EERORINIRICEHERT-O,
RFDREFEITH > T RN EEERLTEL,

NOx B%jek)  NO+0z — NOz2-+ 0% NO2+MCOs — MNO3+CO2
NOx I®JE)  MNO3+HC+CO+02 —  MCO3+ 1/2N2+CO2+H20+ 0%

X, BRT BN, BREFFICEENAREIZOWTIIBLTIZRT &L 912 S0x & U 5 F Cfififi:
DHkE (RE) LEE (BH) ORIGIET,

B =) S02+MCO3  —  MS04+C02

WREWERETE)  MS04+CO+HC —  MCO3+ SO2+H2S+C02+H20 + 0%

FRIE SRR CHlE T2 - OMBEHERERIEEZIT O 2 L1272 58, TOBE HeS OBEHE R
SXBDD) =2V o FHIEHGMNEL 2D, ZHUCELTIL3. 5. 8 THTHMEZIR~R5,

3.4 T4 —¥/VNox, PM FIRHER S X7 A DPNR OFE

LIk, NOx & PM Z[FIBFICIEIR CX 2t a7 &M LT,
TUDVVVAT AL TCIOfEE 5 F<HEBESHELZEPEETHY  UTAV AT A
DIFFERAFEBERIZ OV TS,

3.11 |Z DPNR 2 #5#; L7~ B D4D (Direct Four Stroke Diesel) T UV MNEEMIZH

DPNR Catalyst

Fig.3.11 Diesel Passenger Car with DPNR
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Table.3.1 Engine Specification

2.0L D4D with DPNR 2.0L D4D(1CD-FTV)
Displacement (litter) 1.995 1.995
Cyl. No.-Bore x Stroke L4-682.2x94 L4-$82.2x94
Combustion System Direct Injection Direct Injection
Compression Ratio 18.2 18.6
Combusion Chamber Shallow Bowl Deep Bowl
Intake System Turbocharge with Intercooler| Turbocharge with Intercooler
Valve Train 4-Valve DOHC 4-Valve DOHC
Fuel Injection System Common Rail (180MPa) Common Rail (135MPa)
Nozzle Hole @0.115 %7 ®0.136 X6
Max. Output 81kKW@4000rpm 81kW@4000rpm
180NmM@1400rpm 160Nm@1400rpm
Max. Torque 250NM@2000~2400rpm | 250Nm@2000~2400rpm
Combustion Noise 68.0dB@750rpm idle 73.0dB@750rpm idle

HINTWABRNERT, bbb X512, DPNR iz N—ZiZa /7 N THY
BEHI\HEEHARETHD, R 1LV YV UVERETT, 2EV LV —/)LY AT AL 135MPa 2»
5 180MPa ~DEE(LER 57z, /S AMT/E - 5L e L, BBEEGEM G bEM G
WCEE Lz, TRNODOEFIZEIVIEE M7 O%E, BRESTOER., = YrhbErH i
LHER T AR ONPY OWENFREL 72 o T,

3.4.1 AT AERR

3.12 \ZDPNR DY AT MER AT T, TDVAT AIBEINTWDS 2L DEET 14—
BAZ DU ER—R L LTEY, FBROAED 72 & F AL DO MREZ R KIRIZE] & KT
e DFk 2 R E L Bz mA L,

DPNRIZF 4 —ENEEELEIEL L — VI AT LER—L LTS,
IDAFLL— VU RTFAERE 2HRITE L LIV T AL, BE L HEIEICET S
BRaWBEERL, XM vy NEFOARZLT, FRA NENELZEDLEEHLEHRL
7o EGR IS 27 MZB L TIIREE - BFIFEER 7 — 7, BIREERE EGR SV T RO
E—AEOAr Yy PAOBEBRIZEY, BT HIKIBMEE (LTC: Low Temperature
Combustion) ZFEH L, T VU NHEEHINBEX—RXADHER UL % KIEIZIRE LT,
B 2T DZOWTI, Vv FEREBEZEL D DHEIEIINA ¥ = 7 # (EP1: Exhaust
Port Injection) ZHERK R — MBI L7, v =F—/L R "—& [T NOx & PM % [FIRFICIE
BTED d-way A EACE 5 L O ITHEEEE L, R TITITNER & Rk OER{LARE (CCo)
ZHEHEH L7-, A/F ¥ ¥ —(Air Fuel Ratio Sensor), =7 7 —RA—& HeWREEL
T FRERTR OEELZBHTIE B P —ZOFEE L AERIE O D15 L ERF L
7
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Diesel Throttle New Common Rail
System

2™ Generation 180MPa

EGR Valve

Inter-Cooler

Exhaust Port Injector

EGR Cooler
Intake Air =) _|

- Pressure Difference Sensor

|DPNR Catalytic Converter (2.8L) |

S
> Gas Temperature Sensor

Air Fuel Ratio Sensor

Exhaust Gas <=
Oxidation Catalytic Converter

Fig.3.12 Configuration of DPNR

3.4.2 BE2itRae L L—NTRT A

AR D & 9 \ZHfff s 27 A DPNR IZEE T L— LV AT L ER—R L LT3,
BIZECHBALEE 1 T L —IL Y AT Al 1999 FEi2/NBITF o —F L RFHAEFIZE
LN, HAODOERZA L, =P bEEH S35 Nox, PUEOERL, 35 X OfhgE X
TLAERRKBICHEIE 22O DOHIEREREDHELH->TE 2 a1 —N1 T X T A
DR Z#EDT-, K3 13 IZE 1 HRMLLFE 2R TOEELEERT,

High Response
Magnetic Valve

Reduce
the Height

* High Responce

(Small Dead Volume)

\ 4.3
bt Command

Piston

15t Generation 2nd Generation

Fig.3.13 Improvement of 2nd Generation Common Rail System
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REREERIIA V=7 ZOIREER IS WE EEEXETH D,
UTIC&MREM EIZmiT 2% ERNEEZ T,
(1) "&5EAL (180MPa)
SR R - WHERER R - EEEWEREEm L - X WM TR R
(ae/ N ANVERDKENN 95— 4.3 TxH)
(2) HHENT Y FERE
- BRIFIGEMESE - QR(Quick Response) = — RAHIE (% AMHIE)
(3) ZE"EHL
- BRIF OINE M E
(4) A > &=/
- BREFOINEMHSE - HIEESEBRAEOEE (0. 4ms—0. 2ms)

3.4.3 HERUREHRINS 2T A

DPNR TN T, fEERN TR b FHEEZMED H L, NOx, PM 2K T 5 7= OHERAE
WY A7 2 (EPI: Exhaust Port injector) ZF7=IZEBERE L. HFRA—MA v V=T H
ZEMUE, K3 142y Y OB EBERINA > ¥ = 7 Z DIERK % RT,
IEFEVL— VDY T TA R TNLEHEKBINA V=7 ZIME SR ENE, =% — X
Fv ==/ RO TFHRIZE > TESF S, HEIZA M SEFEE2EVHTIENTE D,
"5 E 1% 1. 5MPa T B,

CR Injector Exhaust Port Injector

Exhaust Port Injector

Injection Splay
Enlarged View of Cylinder Head

Fig.3.14 General View of Engine and Exhaust Port Injection System

3.4.4 Ffifi = N—%

B4 3. 15 ICHfREDEE 2R T, EMITT /) VABEOET I v 7 ANGR0 | BEOEE
1372 SADHIELE D B, ALl HOBICTREIZREE D S, REIZ NOx WAk % =
—hLTW3B, Z0EEL, HERT AMBEEOEEZE-> THNAD DT Wall Flow Filter &
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HEEA TS, BTN X 5 I A7 AT L TIX, v=F— /L Far \—F% Nox &
PM % FIFRHEIR C& 280 4 TfEICEACX D X HBELFE Lz, A/F B2 ¥ —(Air Fuel
Ratio Sensor), BERKH ABRE LV —, ME OB EELRETAENEV Y —%, i
12k Y — 2 SRR D 72 ITER A LTz,

NOx Storage Reduction Coating

Exhaust
Gas Flow,_

O

Diesel Particulate Filter Enlarged View

Fig.3.15 Cross-Section of New Catalytic Converter

3.4.5 DPNR#EH 2L = Vv DMt

X 3. 16 IXBKIND EC KZ A 7E— RIZH1} 5 DPNR OHER N AMERE R E2 R, Hrinfl
& 10 5 km A D L{LAHE TORER AL X—RAD 10D = DTk L THE LTV 5,
NOx, PM fEJB~DKRIEZ2%0528 DPNR IZ L > THRIBEE 720 . BREHEERICE L CITMREET
T, BHEUAT A, EGR VAT ADOKE, ROBERIEFNY AT AOKBEILIZE D X—2D
1CD L RIFD VANV EER LT, ML 2T 27200ERHEREZMA5Z LT, Z
DY AT LK CO2 &K NOx, PM Z RIFRFIZIRIT 2 L WIHOMK T HRIEZ R CTX 5,

. EC mode ( IW 1470kg)

. L

.........................................................................

( £ /100km)

o o o
o o o

Fuel Consumption

0.06 : :
i Euro3 !

0.05 g g 1CD-FTV(Base)
(R Ee— frononee S T @ |

0.03 | , , . ,
0.02 |Fresh - o e B e B
0.01 ; ’ : '

PM (g/km)

0 04 02 03 04 05 06
NOXx (g/km)

Fig.3.16 Emission Test Results of a 2.0L D4D with DPNR
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3.5 74 —ENFEFAEM DPNR OWFFEE%E

INET, VAT AERKEONEC KT 4 7 E— RTOHHMBITOWTIHREA L,
ORI AT AT 4 —EBARAEICEAT 2121, KB (LTC) D XL 5 72 KE EGR %
AW ERBERRERIE, o€ L— L D8R MESHIE L OHEKEINEIE (EPI) 238,
BRA IREBEHFTROBRET CAUEOIEE 2R T A DITNEL R B,

3ATIXV AT A OMETH D, DPNR ZZhRAICHERE S B 57201, ST+
BN, ZZIRT R BHIEIT— FRZNENOEGLREE R OV AT LDOIREEIZH L THLE
LRDARBIRENZE O L VU B 2 TV A IREE (KIH (2)) TiX, 1B OBREEIZ EPT 2N X,
NOx & PM DRI Z T 9, BER S L2 REE (B (b)) 123\ Tik, BEBRIEEIZ EPT & LTC 2N
A NOx & PM DK Z AT 9o Bk LWEAT A3 8L L, PM MEENITIE E - 72356 (B (o)) I,
RANERLINZ BT, MEEOKIEZ 600°CLLEICHED PM OREIERLE2ITH, HEFEA—
EHEBEZED, MERTRBICL2HEELZZITHE (®WF ) id, WERTH D LIC &
EPI DfEAHOFIZ L U EFERE X M A X5 L Lo RIE%Z 600~700CIZfR S
BREE D EEERIE 21T 5.
ZTNZENDE— RBEVBDLRICHET D, NI EEBRUBREEE(LEZIMET 572012,
BREFOIE S EER - BB B, ECREZMMNSHIBE L CVDE, Z0be, ARV AT LKEIC
DNT, EBEDZ DU BLIUOEBFERNLELNEITEREZ S L IZHAT 5,

300 300
250 250}
= &
£ 200 | Combustion Z 200¢ ormal Combustion
< N T AN
g 150 & 1501
g 100l Normal Combustion S 100f Normal Combustion
= +EPI = +EPI
50 50§
0 A MLTC+EP]
800 1600 2400 3200 4000 800 1600 2400 3200 4000
Ne(rpm) Ne(rpm)
(a) Cold Condition (b) Hot Condition
300 300
2501 250}
% 2001 : % 200}
Eg | Normal Combustion W | Normal Combustion
8150 SEPI 3150
<RIl Post Injection 3 100f
L S =
50 50t
i araE e
0 0

800 1600 2400 3200 4000 800 1600 2400 3200 4000

Ne(rpm) Ne(rpm)
(c) Forced PM Oxidation (d) SOx Discharging

Fig.3.17 System Control under Different Operating Conditions
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3.5.1 HF2i{fRaEer v —NTOHREHR

318 IIFE—tHRaE LN EFE2HRIEL VNV AT LT, A V=7 XD
BEFICXT 5, BREREZER LD TH D,
AR L7z & 5128 1 AR5 5 2 HRICHET T, Y V. A4 ROBERESIHEM & HIH=E O BRRE
BOEBIZ LD =— FLDISEMEZHEL, S vy MBS L A A VB OREIEE 0. 4nsec
5 0. 2msec I[ZEMETAZ LN TE, ZHITLY, EEFICHTEL CEEENTAHZ &N
FREL 720, A vy FBEFIC K BBREEES OEERIROIER, EHITIERR MEFIZL S
PEXVRE D EFIT X 0 A RE DIEME(L B FIRE L TR o T2,

X 3. 19 IZFFEKIEE 600°C., FESKE bMPa IZBWTHE 1 #A, 52 R OEEEER

CH1=100mV: : : < : CH4=193mV: 500us/div
oC 11 : : I AC 11 (S00us/div) o
: : ¢ “avazmsss | Pc=140MPa

Qp=2mm?/st
Qm=58mm?/st

Nozzle flow
810 cc/min

1t geﬁeration : A _ :
2ndgenemnon ...... T ......... AL InectlonRate

X
A

— ———— {Ime

0.4ms
Fig.3.18 Improvement of the Response of Common Rail Injection System

Nozzle flow

Pc 32MPa Q Smm?/st Pc 80MPa Q 30mm®/st | . g10ce/min@
0.2ms after Injection 0.2ms after Injection 10MPa

Nozzle type
:MS,DSN

Atmospheric

Pressure
5SMPa
Atmospheric
Temperature
600°C

lst

Generation

w

|

2nd

Generation

1
0.4

¢ Equivalence Ratio

Fig.3.19 Observation Results of Mixture Formation by LIEF for Each Type
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REHB LD THD, FHIET A RAMEEDO L—)VE 32MPa//EST & bmm®/st & HiE «
BT D 80MPa/ME S & 30mm®/st T, MBEEH 0. 2msec FBREOEAR DY ELSFEZ L
TS, Ihrbbond Loz, ENBERERICE 2 HHIROFNEBEZNIENY, RIRT
%%bbrﬁﬁ%m“ﬁiﬂz%ﬂé*%mk 23 H U, BRRAE A TWD Z E RN BIETE 5, ZhiZ
FIRDA V7 ZFOHBIZEY, =— NVEERER LEZZ LICXD, KY 7 MOV —
NF = —7%%753&%3%7‘:%%& E2D, ZHITE D, RED EGR %21 - /- {EIEBREE D #
BHEPHETE, VU b EH SN DPERDER G AT & 2o 72,

3.5.2 [KIBARBEDOEA

IEIE#RE (LTC: Low Temperature Combustion) DRI % X 3. 20 (2399,
—fRAYIZ EGR & NS ¥ 5 LBREENED T 5720, BE ) 133832 (BF (@),
UL BEGR 7 —F %o CXBHIZEGR EREMSHRALZEL T3 L, BECHEH
FEAERE 2D (KFG) A M FEEES TIEEEL-VRITEEr L 25, ZOH
£, RE EGR & EGR HyANC X 0 BABEIRE & BLARIRE L 0 RV RRBIZHIE 35 Z & THEE
LRBBDTH D, BIZZDOFE, NOx ROBGEE b RIBIZIEH TE 5 £, KED HC 232
OBV v TFEETTRAL, BEAMELG FICBWTHDAMEDRIES EH X5 2 & XA 7EE
L5,

Actual Using Area

Smoke/NOx/HC

14.5 20 ~apeeeesesss - EGR Increase

Stoichiometric

Air Fuel Ratio

Fig.3.20 Principle of Low Temperature Combustion

3. 21 1B EEERS T ISRV TRIRMEEOMEHEE R ~OHRER LI b D TH D,
EEED A/F(Alr Fuel Ratio) Z7m L, TEPMELORKIE L HEL T, BEDRETIXA/F
X330 L ETHEICY —VRETH DD, KIBREEEZITO Z L TA/FIZ20 # FERIZETY
VIR | AERIBZN 50CEASEDZ ERFREE RoTe, M AEEILIEE72D
(21 200°C LA LD PFRIBESME L 12 505, (RIEBBEOBEAIZZNEFIREE LTz,
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EC Mode (Hot Start)

ke
ail A E
M Ib [‘1 ) | L-s-'l T 40 g
/ 7 20 L
. <
%ggg Normal + L.T.C / A
S \ Normal <Al \‘ -
2'250 AWaVal “ ﬂww/——wo 3
o :\7\"\” ~ A B <
B T SN SN N £
O TR
: ,mmﬂ/w VAR m/w %2
>
LTC Time 200sec

Fig.3.21 Effect on Catalyst Temperature under Transient Conditions

RIRRECTOEEERE A/F OBEEIZ= D00 MV B, BEL L, BRERER
JOMRERIEZ ZE L CHRE L7z, X 3. 22 [ITEFRED LIKIERE~DEIRE Y BEOKEF &
RN, FHEEE— FOTBVICHLTUL, MIEENCL DY a v, RERTOREA
AL EN L S HIERITR A TNDZ LB

40 1600rpm-45Nm
T 530
=
R~ é 20 \
< :

10
g 80 Normal Mode Low Temperature
p=ge Combustion Change Combustion
29 75 M-S, _
g -2 Py g Py
O Z

70
)
g
S € 45
g 40 .
g 35 - ‘ :

0 5 10 15
Time (sec)

Fig.3.22 Torque and Noise Fluctuation
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3.5.3 NOx {&JiHI#
3.5.3.1 #ERHTBMARNOEH

FRIEPNIC IR S 372 NOx & N2 [ZBTT A7 012id, MEmic) v FHEEKEEY HTZ
EBRNELIRD, K 3.23 13V v TF AL 7 BHERUABHESIN (BPT) & 2 W IR R MNEHR THA
ST BONRERE TR, B NEREEST2 U v F R4 7 HIBHOFEITES BESH
TNBHED®E  ULnl, BR MNEHTY v F 2310 7 21E5 546, WEITERETHENEZL O
BRELZIBE T 5720, ERNCTR TR MV EEH D WNEV Y V FBE~DOBREHTEIZ L 0 3
T DFAN~OREIFEIR & 9 BED W, ISVERRFIF TY ¥ — 7 TRV Y v F A3A
I EERTHIENELL +o7a Nox BIMREEZES Z LB TE W, —JF, FERBREHER
WFERITTRT L 912 MV BEIA~DOEEN 2 JAVEEEH TV ¥ — 7 TEW Y » Tl
MARETH D NOx BTLHERE DL BV, KEREE— RHFO LT, = VUKD A/F R v
FENZEE SN TWIIE, BEZIRINT 2 Z LT BREEREDOELMLIEON S,

3. 24 IZBERIINA v ¥ =7 XD ) AN D ERFME LB O A UEER R OBIERER
PRt BERIEIA v P 2 7 ZIZEETI Y Voo DDA vV 2 I B R—R L, SR
NE DT E RN ICRE (L LTz, 7205 0. TnmX 0. 19mm DAY » RMEFLEZ —OHIT
BT &T, BHEREIOMB LA EE L, AR T NOx ¥R ZHE L TV 5,

1700rpm,Pme=0.23MPa

Exhaust Port Post Injection

35 Injection

30 Static Flow 430(cc/min)
%g ll " Width 0.70mm

Slit
15 I ol I v— 0.19mm

10
Cat. In Q E Q : g
\ \ ,“; g

Air Fuel Ratio

Gy o
o O

Ny
(]
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o

(@]

B P e
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Time Fig.3.24 Observation Results
Fig.3.23 Rich Spike Control to Reduce NOx of Injection Splay

3.5.3.2 NOx Wik - ZEmhsik
NOx % Jgk 1% TT Ak oD W &k At & NOx [ TBi=R 2 [X] 3. 25 12779, X (a) 1'% 10sec 38X 1Z 100msec
DY v F AL 7 HIEZ2FER LT-5HE. X ()X 20sec BEIZ 100msec DY » F A1 7l
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2900rpm,Pme=0.50MPa 2900rpm,Pme=0.50MPa

35 Exhaust Port Injectlon 35 _Exhaust Port Injection
= 2 30 = 30 B=F -
& 25 o 25
820 g 20
=15 ‘s 15
< 10 <10
15 Cat._In 15 Cat. In
E
? = [ L
?m——\& d g1 ’
‘ ore
~ ~ Stored NOx
= NOx \%Stored NOx < Cat. Out
g 5 % 5 f c
k “\NOx Conversion Stored NOx NOx Conversion Ratio
Ratio
o L. Cat.Out ~~ Ralio 0
Time 100sec Time 100sec
a)Injectioninterval=10sec b)Injectioninterval=20sec

Fig.3.25 Characteristic of NOx Storage Reduction

BEAToTLbDOTH D, K () ITBWTERICHAT 2 & AL NOx % 100%% 8k L 7= 514
T, Vo F AL 7HIEHEAZ—FZSHETWBER, U vF AL ZHIEIFD 100msec DH,
W jEk NOx D —HE[I3AREE D S N2 IBTE SN D, TD L& Nox DAL I BRR LD
DT —EDPBELZINTICINOx E LTLAHLESDTHD, Z LT v F AL JHD
U=V EHIZBWTC, KONy F U I TRT I P bHEH S iz Nox D—EIE%
JRSND T, A DD NOx L S/WZ skt UAREEH 0 oD NOx L~ WERET 5, 2 DED
T &% NOx EiBiER (NOx iBIT3R) &9 25, HIEBHAERIT, MBI STV 5 Nox &
NN, U — B NOx EGEEIZE VWS, U oy F TO N BT AEVIRT Z LT, fit
BERICIRER S LTV 5 NOx DR EITED LTV 7O RJEEREE 13BN 5, # DS, flfit
THDNOx U/WIIREBITIET L TV E RERRE L BmslE N — T 5 & 2 A TNox (K%
IF—EMEE 725, WSz Nox DBETLEEITY v F AL T ORIV EDLY . K (b)
TART &L DI, BEREREE 20sec IZDIXT LBITEENEL 25720, MBENICE Sz
NOx b+DIGETENTICEIENEZ D720, K (a) ITHAREEE LEL . BREOICE
BWRITEL 725, Vo F 2 ZHIBEZEIE L2, RO Ny F o 7 TRTE S NS T o
WBRHBEL R, M@IZHEARE (b) 3D 72nZ E bbb, ZOFRIT YY) v
T{Ebﬂ(—b \ 5ﬁiﬁ & ﬁ L/Tg?) 5 (29) (30) (31) (32)0

ZDX ST, BHEERSEV & NOx KEERIIEMT 5, ZOMHEITY v F 281 7 HE O
SEROAR BT, h—F VOB NOx IREEES], fRELA O D NOx L~UL, BEHHHART &\
STHIEINT A—=HIZKVIRETDHIENTE D, Uy TF RS 7 OFIESEIT, FEEEIIC
X NOx IR LR E:, HC BB L CRHDZ &I 5,
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3.5.3.3 KRB

3. 26 [THERIINC K VEBR LTE Y v F AL JHIEIZBWT, BHREM A7 —
PSIVEREZTHE D N RV R~ DEEL R LD TH D,
TN DERERII—EOEESLEHEDO S & T HKBIMC L 2BENER I —EICRD L=
BE L 7o, BEHRHIRE OME/IMCHEWBERSIIER b #3252 & TREHEE 2 —EIC LT, "85
FELENFLENEE, Uy TF AN 7 OREBPR+4 TN GBTHREIXME T+ 5, —
7. EHERER L OHENEVWGE, B THREORWASA 712XV HC B3N 5, %
D7z, NOx [FlkE HC bEERKIRMAIEI T A — X B RET D H 2 CEERER L5,

2 35
T 30 | e — —
55 | W /
g | Wi J
R ]
s 15 stoich _
<C e —
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e N\
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Fig.3.26 Optimization of Exhaust Port Injection

3.5.4 DPNR fiiftD B

3.27 |Z DPNR |z 3317 2 1B OBEDONER DR 2 EEZE R T, HERKF D NOx & PM
X7 4 NV E—BERMNOMILOM Z 30 $R1T B EEZ, Ebf £ NOx W jeiiE oAl & /i LT
#lhsibd,

TANE—EMNICT 4 —BNL= P00 Lz NOx WG it 248 L, +4074
PM, NOx #HbARMEZ G D720, SELVLLT O X 5 7B % EiE L=,

(DEWEDBE LBV PUHERDREZALSE LT Iy 7 EEEROBRSR

Q)T 4 —BNZ VU HITHEA LT NOx W e oA o B 3%
(3) BEMBENE ~DABEFEARD = — FE, DO HEEREDER 3
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NOx Storage Catalyst

PM size ~20pm

Fig.3.27 Structure of DPNR Catalyst

3.5.4.1 7A4NF—EMOKILEOHR

e D DPF EAIZBWTIL, PU IR EZ M EIE B LEABIEN EF T3 L5 BEEN
HiBCTho/z (K 3.28), Ziicx LEEDEREZR T HFMEL RHT720ic, HIEE
DEBRDPK0EOa—V2TA NUOET I v I 7o VE—EME/ERLL, PMREIEER LT
TNBERICHEET IEREZLEEFTICLV EE L,
R32ICFOEREZHRVHE LIEERE T, R3.2D0FERLY, PMHFHRER LLENE
LARBOWLICIT, B ENEOMILE 20~40 um 124597 B, PN DT IRITNAE LT,
ELT N T BRI — N T ARRCAE SN RV E I I L, 205N OMALE
BEEMEEEENRA U N THDI ENHBALE,

PM Capture Ratio EgensS ot Table.3.2 Regression Analysis
Increasing PM | Decreasing
I captured Ratio | Pressure Loss
- LowerI P
Higher Internal| size | 20~40um > Much | 20~40pm - Much
Effective] Pore ;Z:ieo Small Large
- Factor =
maller <= =P Larger Surface| Pore e
Pore Size and Pore Ratio Pore| Size Oum= > MUk JI00pm=  >Much
. ) i i 083 ~ 0951 098 ~ 0.
Fig.3.28 PM Captured Ratio i e e e

and Pressure Loss
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b0 RICESE R L7 A VZ —EM OIS K 3.29 17T, ORI
BRIZHIFLD YA X% & DN Z TN DMLY A A TORBHREZEE L bDTH D,
YRR MRS O E— 2 [B% 20~40 un DIVMEL L AT OREF 205 2 LA T
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3.5.4.2 NOx filifitDe B
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Fig.3.31 NOx Storage Ability and Storage Material
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Fig.3.32 SOx Discharging Performance
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Fig.3.33 NOx Purification Performance
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3.5.5 DPNR ® NOx. PM{EiZhER
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Fig.3.34 Effect of LTC and DPNR on Emission
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Fig.3.35 Characteristic of Continuous PM Oxidation
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Fig.3.39 Characteristic of SOx Discharging
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ATE T DPNR D FMTHESLIZ DOV TR 7223, RE TIL DPNR 24T 2 VAT AR KON
B OFEREZHERTHZ EE B E LT, BN, BN CRFMERERZ E L-ERICO
WTIRR B,

EZEDIXZ, 207 ) —F 40— Oz h% D-CAT (Diesel Clean Advanced
Technology) &4&fHiF., TP v hDH LIZ DPNR &\ D FifkiE s 25 L2 IBATT.
BEEZHMRE LEBEEZEDDLHZ L L Lz, ATETHR 72X 912 DPNR 13 AREE, [KIRA
o v 7 NMEDOHEREHRE LIV AT A THD, DPNR aRAEH UL T4 —E LD
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NIZBWT 2 BORBENSERE EHE L, EBREROT X b a—XOFHE TIXR0 72D
DO, BFRERIEH ORBER L OEEITEB T CORE~DEEIZ OV THE TOMT 21
Wiz, EBREZBIMET DENCEER T DPNR (2 X BHEH A4S DIKBMERELHER LT, THEE
17, TWHEST. BEEIT VI ETEBEOBNDOLL LT, B, BEHL V- BEROD
BEWILERLITo, EBRZEL T, Al RIZEE -7 PM OFEFIERL, MEHEREE
LORRA RAEHIENREOEELSEME (E— ), BETICBW T E<HEL VDI &
EHER L., HFE TR T ADOEEMER O DOBE LD EE L REREDEE, +RbbY)
D NOx gk, BITMERBIC R L COLMEM HIEET D Z LN TE 2, TN OHHE TOFEM
FRIV, BERBICHAIT DPNR OFEREN -+ Th D & Hkr LT,

4.2 RHEHEERE
MHERIEDON-RBREMI 2L BEET 4 —ENVET XU VAZHBENA 2D TH
Do N—AD 2L EME (ICD-FIV) 2 2 R L— AV AT A HERBNA v V=7 Z
REEGR VAT LIS TED L HWEB Lz, DPNR OB EREZRK 4.1 12, =PV
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DPNR Catalyst

Fig.4.1 Diesel Passenger Car with DPNR
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Table.4.1 Engine Specification

Modified Avensis 2.0L D4D Technical Specifications
Power kW 81 at 4000 rpm
Torque Nm 180 at 1400rpm (250 from 2000 ~ 2400 rpm)
Combustion Noise dB 68.0 at 750 rpm idle
Displacement cm? 1995
Bore x Stroke mm 82.2 x 94
Compression Ratio 18.2
Valve Train 4Valve DOHC
Injection System CR (Max180 MPa)
4.3 B

MHERIIX 4.2 (TR T L9 BN 7 D E O = —F OFEERERE TIZEVIREECOFE R Z
BB DICEE L, BB B COER L E D, ERFEMIITICEEET/ Y —
v, WHEETAAY - T - Bl - SINEEEIT Y D 30D F— KR LT,
REDOHEIZRAVEAFIVRATEMEL, —HITF 7 —a2—2AbEEND, H. ZNHDE
Tl 50ppm LA T DR ERE A 5 TR FIRE Th o 72,

Conditions Country Driving pattern Nr. Of cars Fuel S content
Normal Germany Highway 27 50 ppm
City
Standard
Normal UK City 19 10 ~ 50 ppm
Standard
High altitude Austria Standard 7 350 ppm
Cold area Norway City ~ Standard 3 10 ~ 50 ppm
Normal Italy Highway 2 350 ppm
City
Cold area Finland Standard 1 10 ~ 50 ppm
Normal Belgium Standard 1 50 ppm
| Highway
1 Country
[ City
Highway pattern City pattern Standard - mixed pattern

Fig.4.2 Field Trial Overview

4.4 E=F VU TVRT A

K 4. 31T EHIC, TRCOBBREICITT — ¥ 2 ERAHER BCU 2484 L, BREALT
T UV UDEEEREE, 2 L — USRS X5 L, DPNR flifitss oD BRI BE T 57—
FuEFra—RL, Rand DB ¥ —I|TEE LT=d & B ENT 2 66 L T-,
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Fig.4.3 Weekly Download of ECU with Data Acquisition Ability
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R Lz, vy & A FETOEBPERMA 100000kn & OHHEE TD 5000~20000kn 7
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Fig.4.4 Emission Potential of Field Trial Vehicles
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Fig.4.5 Temperature during Particulate Matter Regeneration and Speed Frequency
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ecifications of the Production Model
D4D in new AVENSIS

Table.5.1 S

D4D in field monitor

Displacement [cm3) 1995 1995
Bore x stroke [mrm] 822x94 822x94
Combustion system Direct Injection Direct Injection
Compression ratio 182 178
Intake System | ymocharge with Intercooler VNT Turbocharge with
Intercooler
Valve train 4y DOHC 4v DOHC
Fuel Injection 2 generation Common rail | 2™ generation Common rail
system
Nozzle Hole 0115x7 0119x6
Power kW] 1 at 4000rpm 85 at 3600rpm
Torque[Nm] 180 at 1400rpm 190 at 1400rpm
250 at 2000 ~ 2400rpm 230 at 2000 ~ 2200rpm
Combustion noise 63.0 at 750rpm idle 845 at 800rpm idie
[dB]
Displacement
Of DPNRIL 28 20
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Fig.5.1 The Output Performance of the Production Engine
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Passenger Car— Swirl Chamber Diesel (IDI)
Commercial Vehicle— DirectInjection Diesel (DI)

l H 4-Value/ Electronic Control”” Common Rail
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l @umm| Cleaner, Higher Power Output,

and Lower Combustion Noise

TOYOTA D-CAT
(Diesel Clean Advanced Technology)
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»Cleanness (Diesel Particulate NOx (Diesel Particulate Active Cleanness
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Fig.6.1 Development of Diesel Engine
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Fig.6.2 D-CAT Development History
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New Common Rail System
180MPa Piezo Injector

Diesel Throttle \
EGR Valve gorv— L
Exhaust Port] :
Injector R
Switcable
Intake Air =) /E — EGR Cooler
Air Flow Meter e ::‘aStR ’ g;z%urre Difference
VN Turbo Chager L=
’ 2::' : Gas Temperature
[DPNR Catalytic Converter 3.4L Sensor
‘ Air Fuel Ratio
Exhaust Gas <_—_—| o Sensor
Oxidation Catalytic
Converter

Fig.6.3 Configuration of New Generation DPNR
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Table.6.1 Main Specification

2AD-FHV 1CD-FTV
Cylinder Arrangement In-line 4-cylinder
| Displacement(cm”) 2231 1995
Bore x_Stroke (mm) 86 x 96 82. 2x 94
Max. Power (kW/rpm) 130/3600 85/3600
Max. Torque (Nm/rpm) 400/2000-2600 280/2000-2200
o Common Rail, Common Rail,
Fuel Injection System Piezo Injector Solenoid Injector
. Four valve, Four valve,
Valvs Machanism DOHC, Chain DOHC Belt
Induction System VN-Turbocharger with Intercooler
Engine Weight (Dry kg) 168 189
Emission Compliance EURO 4 EURO 4
. . DPNR + CCo+
EmissionReduction System || o i hable EGR Cooler | EGR Cooler

Piezo Injector Power
Low Compression Ratio & Torque
= Ceramic Glow Plug
" EGR Cooler By-Pass Valve
Low Fuel
DPNR Catalyst Consumption

High Efficiency EGR Cooler

High Pressure Injection
180MPa

Low Emission

Hydraulic Rush Adjuster

+ Roller Rocker
Silence
Aluminum Die Casting
Cvlinder Block Service-
Aluminum Qil Cooler Ability
Combined Water Pump & O

Pump to Chain Cover
Rechargeable Oil Filter /
7
Balance Shaft [

Lightweight

Fig.6.4 Technologies Adopted in New System

6. 4 [ICHTREAEM 2RI, ERBDIIRD 4 K TH D,

YAV s VAT AR OWRTE DPNR D4 IRFTREMIC L 5827 U —11k

b. [EEMEL a7 N o VEREIA ¥ = 7 Z R OEE(L 180MPa 1 & B & H A1k

c. ZERMER, BRI, a7 NManXT U AV YT b, BRHBRBEZFEIAN—ITE BT Y
Voo P AOEREREL

d. TAIFABA N Ty 78AICX ABREL

o

.92.



6.4.1 7 V—AfbEBmHIMbLDOML

6.5 IXFHEMEZF L P UICEATHIZ LI D VWICEHIEE Y U — b E
WENT=PERLELOTHY, HEEHIZ NOx, HHEICHEREDH =V O (bHF) 2E-
TEE L7, BELV NOx #HIIZ DPR & 2 W IEERLARME (CCo) ZfE - TR T 2 5HAICIE, —
YVUVEDLDDREBIZE T UV UNOEEI N IS Nox 2B T AMNERDH S, L
DU B Z OHFAITIE, Nox DR & H ) (R OYREMR) IRFOIRT LI hL—
NZTT7DBRE 27D, 7 V- b mEIMEOESTIIE LV, IFOITRT LT, 1
vV ZO Y bHEEMEAL (e 16.8—15.8) Ik D NOx, HAICHETE 5720,
RIZE—D NOx L)L CHER 5 L L T OkW/L WETE D, ZZ2TOD LS IZ FL—F
FT7 T NTFSTHE A% T3 & Nox bEINT 528, ZOWREET DPNR 238145 &
@D XD ITHHINTIEDL BT Nox 2MERB L, FERAIZFE—D Nox L)L ThHiLiX, DPNR &
INCHH A ZEIZ 6kW/LEMS 25 Z ENFREE 72D, B L E IRV A2k LW BERER
RIS T 5% 6, by asrb— BERLL VWO U DU B G EETH D A5, NOx
fifit (DPNR L) 2SfFROBEHEMERVBLZ L0 5,

W, KHFIZIZEMFEERE (IV: Inertia Weight) ZERE(L L72HE D NOx (EEZIE & T
RLEDR, =V UDRE EHERENMNEBRIIEFEICEETHLZ LEBLND,

65
IW:1590kg | IW:1700kg

¢ Y E— DENR cat. 2
= Piezo Injec tor/!
= €15.8
8 55 DPNR Cat.
FE’-‘ 6kWL g
o
Q o ) e
% 50 Piezo Injector il -
a €15.8
= 9KWI/L

45 -

Trade off Line U ”~DPR Cat.
Solenoid Injector
40 €16.8
0 0.1 0.2 0.3

NOx (g/km)
Fig.6.5 Relationship between Low Emissions and High Power Output
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Fig.6.6 Power and Torque Performance
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Fig.6.7 Acceleration Performance and Fuel Consumption
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Fig.6.8 Emission Results in EC Mode
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Low Fuel
Consumption

High Pressure Injection Low Emission

180MPa

Fig.6.9 Key Technology to Improve the Base Engine Performance
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Higher Power

Lower Higher Boost
Compression Ratio Pressure

Low-Temperature
Performance Worsened

Ceramic Glow Plugs

Low-Temperature
Performance Improved

Number of Nozzle
Orifice Increased

Exhaust Emissions Exhaust Emissions
H1 gh Rall Worsened Irnproved
Pressure *Finer Atomization
2 - * Multiple Injection
Piezo Injectors
Needle Speed
Increased

Fig.6.10 Effects of Piezo Injector System and Lower Compression Ratio
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ERBED RV AT LADBBIZLY SHITEMEAMET L TEZI LIZHAATH Y 24D
TV EBNTIE 16 # FES 15.8 ZEEL L TV 5,

ZHLIE, SEIOF TV T 15.8 ZEBT D ITE - HFRBREIC OV TK 6. 10 TELEA
L7 etz RIZip-> CiRBAZMNZ 5,

X 6. 12T ALY U FORBESIOHEBEEZRT, (B DUV T —F5E00)
V=TT, TA—BAT PRV DU R BRI xR 7Tk
STHIRINRWZD, BRI L > CTHREHIMERFETH S, LLERL, Z0HEK
EABEES BN UBEDRERNEL R D, ZORERT VU OEEITHEM USREHEE O
Bz bl 0T EBERBNEMNT 5, 2okt UVIREREHALSFIEE & 720X, BRI RT X 91Tk
HAE ) VEAEREEHOHBEIIEEAANCYS 7 5720, REREEIIRE CEELH
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Fig.6.12 Peak Firing Pressure to Achieve a Target Power Density

6.5.1.1 ZYZrar - -RE~DHE

6. 13IFHERE2L DT 4 — BN U VU B E ol REOBREBELRORBREREZRT,
RERIIE—F VU 7 CHEM L, BEBRIIEHEECTE Lz, BEMHRILIC L 0 BEEL
ZIEBTEAZ LIZHATHY, REUEBLHFTE D,

X 6. 14 IZIREMEHARIC X DA EHEZE OWEDIRZ T, HEIIEREHEFEDETH D,
B AR CIEREMR L BNREBLBIC RN DL EZINHELTRY, ZHITEOHDIET Y 7
VarDPRTH D, BEFIIANWTHEEMILIIC K VRBITZLEL THER, ks
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Fig.6.13 Motoring Friction (2L Engine )
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Fig.6.14 Fuel Consumption 2L Engine, max. PFP=15 MPa)
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WCRDHZENDOND, TR IETHRARRBRIFEDOA =X LTHD, —F., EMEL 16. 1
BWTIZA/F 2 v FRANCEL ST THERETEN LV EHERE LTV 5,

6. 16 IR B2 DHEDREDEWZEAET S BT, BREENORKRHREE
TEYEN ¢ (BEBAF/ENF)OBRE ¢-TXAT 7T L%E>TRLEZS D TAVL-FIRE
BEST-VIa L —v g VR THD, T I TiE 2000rpm, Pme0. 86MPa DIBERSAFD E & T
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22%, AR 2 v FNCENSETERE, 6T XA T 7T 5 ETITEGBERDA T 5 RE
TARTHFMICY 7 b AEICHESE TS, EfE 171280, 2 o-THAT /T LET
HBHE—ERBEEBICISZZOD LEEND =%, K 6.15 127 L 9 ICEEiZ— BN
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Fig.6.15 Low Smoke Rich Combustion
(Engine Displacement: 2L, 1200 rpm)
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6.5.1.3 BREEWHAL X 2RBEETR OBRES

REMEHAGIC XV EEEOT ADEELIBEIXERT T 5720, EMELFEST CTESH I
EEFEOERS L ERBEFEIIRERY | BREENORERBR L EAEHITEOPHTL 5,
F I CHKBOBRETNEILT DU B EBRIZE N, RESENOEE L REXEH2EE LT,
X 6. 17 |ZBABE ATAR L EBRICfE » T2 B M F R OBREEOFIRE R T,

|
%C linder Head Tolp
. 4 C -
at TDC X | Clearance

A

Piston

H

Fig.6.17 Basic Combustion Chamber Design

JERELEE 2 DEBROBIIEFIIREZOX Y 7 4 —BRVEFET 20, 2 OBRATEHE
ITREOX Y ET 4 —NORAT—LVEEREDL-> TLEV., BEEBANICEENEND, L
Te3o T, JEMEEEZ 16 & 17 TEBRTAEICIE,. BEDEHELEB/IZDIZ, ¥ ET 4D
FERT bbb, F¥ T 4 —DFD EIESHIZZDEET, XM EHE~Y RTEDR
fE (Top Clearance) &~y RH A7 v NEISTHETAZ L& L, BBIZEXIIEYA MV
hy FTIVTTURABREDAZ LT . AR by P TORFT Y Va2 FELLEDLY Xy EF
4 NOFRIICEHET HFEELH D, LLRDBG, J‘%{EJ:!: 15 & 17 TOTEEREDZEIX
0.8mm THY ZDEIIEHETELH LMWLz, R6.2ICHKF TP OERFET, £6.3
IZEREHE AT,

Table.6.2 Engine Specifications Table.6.3 Experimental Conditions
Bore — Stroke (mm) 86 - 96 Engine Speed (rpm) 1250
Displacement (cm?) 550 Inj. Pressure (Mpa) 50
Swirl Ratio 2.2 Inj. Timing (deg. ATDC) | -8 (C.R15), -5(17)
Compression Ratio 15,17:1 Inj.Quantity (mm?/st) 11.6
Injection System Common Rail Intake Air Temp (degC ) | 80

EGR 0

6. 18 IZRBEFRIL D EEMEZ | X 6. 19 [Z LR O—FI 2 RT, ERIZEMRLZ
EEL, A—FKEHOb & TEE LT, 6.20 IXEME 15 & 17T ITRBITB LUV FRE
HEEFEAER ROR) Z2RL72bDTHY, RFBIOE 6.3 1T X 9 ICEME 156 TIX
EKRPBNTZD, [EMEE 17 OFAD-5° ATDC OREEEREIC S L, EHELL 16 TIIEH R

DEFETEZ-8" ATDC L L 3° C.AIZEEALT,

B16.19 128V T, TNENDOESFEEZDOEEMRE LET S &, [KEMELIZEIT 2EED
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Fig.6.18 Single Cylinder Engine for Combustion Visualization
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Fig.6.19 Combustion Photographs
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Fig.6.20 Cylinder Pressure Diagram
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Fig.6.21 Spray Penetration
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]
ARG

Fuel Injection

Ve % "
) ‘ g
| Q
5 &
1100K B
Contour Surface .
C.R.15:1 C.R.17:1 : 330

Fig.6.22 CFD Results Corresponding to the Experiment

ZDE D IEEMRHALICE VEEOBRNIIE 2 5720 BREEEEER » TOBBRIZRZER
DIERA L REEEEI AN E LTZBREHNC L VR Z 5 HC OEMOMAEI 2 ZEETHE, Y ET 4

“—%@jt%b\&ﬂ[w?/(7°®W*J@‘E$&i4&)£7’ﬁ“ﬁtb IEWTEY, EBITIZa T L—IL Y AT b
ICLD2BEERNEFRIBEAREFRT D)X TEETHDL EEX D,
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6.5.2 AU TVx7 FHEIC X DRBEHNS

X 6.23 IRTELY A V=7 XL, BILETEHTHIEY X¥ v 7 2NEICH .
VYV A RA Tz ZITHA_R=— NHIEEEZ RESWETHZ LN TE S, BV A
YV ED ) ANVETIIEBE RIS 2D, BILKES 2L =2 ¥ ® 800cc/min (X}
L.1000cc/min L L, Z DI EZ AT H 72D BFAIZ OV TX2L = P O FL£Z0. 119
X6 FLizxr L, LB 0.129X10 L& L7z, 10 FARITEEME ALIZ AL S (KIRAAEME Tk E B -
TV, ZDHEHETEZI VA RA vVl XD ) XA)ViETIE, FREIZXF U 1000ce/min
THEOIZFAEZ 0. 131X10 FLTH 5,

Solenoid

Fig.6.23 Piezo Injector

100 Rapid Needle Lift at the Rail Pressure : 180 (MPa)

Beginning Fuel Quantity : 80 (mm3/st)

: Rapid Needle Down
N\ atithe End

60

/ }\ Piezo Injectpr
40 A AT

/ Y\/ _— Solenoid
20 } Injector......

-0.5 0 0.5 1 1.5 ¥
Time (ms)

Injection Rate (mm?3/ms)

Fig.6.24 Comparison of Injection Rate

B 6. 24 IXZBmHIIROEHETERELZ LR LD THY, BV (V7 X TIEE
HENEL, BHRHYMIIENTE 2, SEPHOENELR WD, BEOIHEE T+
REBWANELND Z LITX ) BIFRBRAESTRE L 72 5, BREL OSBRI LIZERE L D3R EME
Wb bd, T4 —FBALZ U P UVICBWTCIIEERERTH 5,
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Rail Pressure : 63MPa Fuel Quantity : 2.0mm?/st

wre
T—

Fig.6.25 Observation Results of Air Fuel Mixture

B 6.25 1331 vy NEHICBIT 2EEML~DEEL Y L /) A M vz FET

VAUV ZTHE LIS DT, EEMHEITERE (LIEF) 12X VEZFEORREUKILKEZ
HLTW5D, IFDOTEIIEZEDRKEE %, FERIIEBZEORIEH»Z2rd, BE DRk
DIV I)ARAL P ZITHR, B oV ZTIRERANEL . Bk
HEEFEOTED, BARIEPEREWVEHE CIEBPRE I > TWA Z B3 bnbd,

6.26 231 1 v MNERNFEOEFZEOVEHRRL@EME CHELEZLDTHD, / ANMTD
WTIET v RARY 2 — 20307 nZ & X, veo( (Valve Covered Office) Z A FHEA L
TWAR, =Y ClE=— VA — ROBIZ LV /NI 7 METOY— FFa—7 DFE
MRIBIZFEAT 2, Z07D, BHLEOEHFEX S SXII/NEL, XRIRT L ITEED
BRAL b WEINERILEEEOZER L DREMEEI LD,

- 20 Rail Pressure: 63 MPa 1000 2000rpm, Pnie=0.05 MPa
= / = Just after 0°C Cold Starting
g 16 [ O\\ Solenoid /g 800 O e
£ __Solenoi
b \ 0 o £ 600
g 12 L/ ——i @) Piezo
A . ) T 400 \
s 7
S Piez 200
g = S
0 2 4 6 8 10 12 015 16 17 18
Fuel Quantity (mm?3/st) Compression Ratio
Fig.6.26 Fuel Droplet Size by Fig.6.27 Advantage of Piezo in HC

Piezo Injector
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X 6. 27 1Z)JEAEL AT L7-BRIZ, SRR 0OCITRIT BHEER DT A F/VHC Zf#& T
BLEbDThHD, By ATy ZafEH T & THEMH 16 LT TS HC DEEERB(LE
BWTAZENTES, TNHIIBRKBOEG FIZBITS HCIEBIZOEZRTH Y . (KIBASE
DHRBIZBITA Y A P27 FOFPRIZOVWTHRBERIENE XD,

6.5.2.1 HEAFETERIC X ZEEZEMFNT

J AN DMEAFETIIREENDO T ARE ZER L TIRET HDLERH Y | [REHE L DBREE
IZBWTIRIRRE S 2 WIHMEATFD HC DIRBITEERBRETH 5, BEMEILIZB W TIX
ERMOIBERDT=0, ¥ BT 4 —HNOEKFIHAELZWETE D L &I, M=
ELEBREHC X VEZ 5 HC OEMZIE T 28800, BIAFELWZ EE2RLE, Z
DH L IEEMLE TORBESHRITELZRRE L. YV /A FA V=7 X oo TES
ANV T DEE~DEEBIZOWTHE LR LRT,

X 6.28 ITWEIKIE, iR, ARIBTRTOCEWVWIERBEDL & THHAERDT A RLE
ERFFD HC DEEZFAE LIZBR TH S, L— IV ESN R OB RENC RE D IRREICH 5
ErEEL, VP UIBICEELISN TV EAEADO CRKNERE 2L #BIR Lz, 22T
35 vy NEFII T RS, BEMLONRZARIZEHE T 272012, Efgkld 2AD =
Yy (16.8) LV HEBITEWN13.8 &Lz, /S ANVOEBILKEIIFR—IZRE L OICENE
NOEEZEFE L, EHEZ 6225 ISILETEHo TEELRZIMMECEL LT Lz, BD
EARZHEINL, EEESCTIECTHC BEIIALNETTAZ L3 b2 5, RENR
Bl LTRFIZ9OFE 1I8FLD ) ANVDOBIERRZ TR, /INEFLTELEDZ V) AT
ERINTHED ZEVRHERTE, ZOEENNMEOAVT H—)V ) Z)VT HC B3RV EH
ThdEEEIND,

Spray Pattern Observed in Ambient Temp.and Press.

£
g 2500 Hole dia. (|ﬂm
& 2000 f------- LA SR S
£ s '
2 1500 f--------- A5 ) " A BN S T
5 - R S
& 1000 [ i |
2 500 - SR b, X% S,
@) ; ! :
T 0 '

0 5 10 15 20

Number of Holes

Fig.6.28 HC Reduction with a Large Number of Holes at Idling
just after Cold Starting (2L Engine: 4 cylinder, C.R.13.8:1)
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6.5.2.2 A vy MNEFICER LICEBHENT

/INBHLTEILEDZ ) AMTBRAINTFES Z LRz, 22 Tlkasr b—b
E5TIZ TZ)%IJ““’C&;é/w’ 2y NEFIZRICER L, BERHIFEBITEED T,

6.29 IZESIELRIC %éﬂf_ﬂéﬁﬁ—ﬁfﬁé "% DBLIEIT Stroboscopic Radiation
(exposure time: 2 ps) {2 X > TITR 272, K 6. 4 ITTDERTHE ST 2FEEHD /) ANVFETLTH
D, A~y 71, 23R12VC0 Z A 7"%1@\ BHEIIFE— & L, ABOARERE Lz, KLV,
R REIE A 0y MERO L 5 ICERERD 2O EOBEEORE TH D IME ) AT
INEEFOBEIXEBAINEL 2D, 2mm3/st BRED/NEIZBWTHRICEE L 725,

Rail Pressure : 80MPa,

Ambient Pressure: 0.8 MPa Table.6.4 Nozzle Specifications
Spec1:Q=2mm3/st Specl:Q=10 Spec1 | Spec2
\ / Nozzle Type vCO VCO
Hole Dia. (mm) 0.164 0.1
- . / \ Hole Number 8 8
‘ ' L/D of Holes 6.3 10.4
Needle Seat Dia.(mm) 225 2.25

Spec2:Q=10

\ , Spray Cone Angle (deg) 155 155

Y

0.5ms after Start of Injection

Flg629 Spray Pattern with a Small Shot Volume Spray Cone Angle
(Rail Pressure : 80MPa, Ambient pressure: 0.8 MPa)

X 6. 30 IFBEE A b FLAI - T/ AN DOEZEER (ﬂ‘“@’éu&ﬁ%ﬁ) LIBEAELYTT,
INDLOFRRIY, ARy 7 11T, Ay 7 2 [ IFFITESH & 2mn’/st [IZB W CERI M
BCEBERIIEVWI LB DNL, ZIVUIEEAEOHE/N BN G OB EENRT NI &1Z
FERL, BEADHE/NIARY 7 2IZBWTLDNKREN LIZHERT 5,

_?pray Tip Penetration

Rail Pressure : 80MPa |‘<§

£ 50
~ Spec2:Q=10mm?/st ;
5 Specl:Q=10/ %9 Spray Angle
.2 40 P — 25
5 30 < 20 =
% / Spec2:Q=2mm?/st 4 o 15 A Specl:Q=2
P . bD = =35
,Qé-' 20 ﬁ- r" Specl:Q=2 é 10 ~AK AN N\
t 10 %’ 5 | Specl:Q=10 / Spec2:Q=2mm?/st
g " ;5).‘ 0 Spec2:Q=10mm?¥/st
e 0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 04 0.5
Time after Start of Injection (ms) Time after Start of Injection (ms)

Fig.6.30 Spray Penetration and Angle (Rail pressure : 80MPa)
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B 6.31 |2/ AN OMBE 2R, BAEND R =— RNV 7 RIS WEA,
ARy 7 1 TIEELO LA OIS SREBILERE L 0 /NS W, 2 2 THROEIZIRE &
b, —75, BIARD/NEV SPEC2 TIIE D EH A K/ MNRBRERE L 25700, ZHBEFHEE
DELSRVERND LN P2BEHREEZ S,

Table.6.5 Experimental Conditions

I\Il)eec_ll_e Seat Distance from Compression Ratio 15.8:1
BEko Needle Seat Engine Speed 1600rpm
Hole . Injection Pressure 80MPa
Flow gati area Pilot/Main Inj. Timing .6° /1° ATDC
i Pilot/Main Inj. Quantity 11.6mm?/st
Intake Air Temperature 42°C
Fig.6.31 Nozzle Flow Area EGR 0%

6.5.2.3 A vy MEEIZEHE UTORBEMRNT

X 6. 32 IMEARREITBITAALY 7 1 & 20 ) ANVOREZLEZ R N TE»DH Al
FUELEEbDTHY, REEHEZE6.51T7T, EEROFAHEIEL= VUK 6.18 LRT
Thd, MERBOBEMRIT THLONoTZX IIT/IME AWE, XM vy NERD B WIEE
BHEOBNWEBEICBWNT, BERAITHLZENHATHD, MEV, MR ANVTITEE
D OER OFARFRIITEIL., KRITREZDOIMAO= v VENOHTL 5, Z0OHERBL
LT /M Az LA ey NEZENREFEICAN 2720, BETRI 72 miEEsixsMal o
Ty VEICEEL, Moy PARIZEDEEF~DEKNDENDI LD LEEZ B,

Crank Angle (deg. ATDC)
-4 3

5 (With Light) 6 (without Light)

Specl

Hole Dia.
0.164

Pilot Injection Spray Main Injection Spray

Fig.6.32 Combustion with a Small-Hole Nozzle
X 6.33 1XX 6. 32 DEENRHZEOSNTZEDO V) VHEDE AT 7T b EBASEARELRTH,
W) AVZEBNWTHEERETA LD LRV, BBAERIIFETH DN, REENTOEK
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I L BT RRESRESMITITEVRBEINLTWVD DT, ZIUIFEFEITHEBRE,
K 6.341X2L D4 LV U HF P rEMEST, M/ ANVTELNTZHC OXEETHYD, R
R ER 6.6 18T, KLV A vy MNEFZITIHE, /IME AWVIZHEIT 5 HC Lv
IEBALT B0, ZBREHQ M uy NETHIZLTUETELZ RNbND

Main Injection 1° ATDC
Pilot Injection

26 =__ATDC 120 Table .6.6 Experimental Conditions

= éﬁ Compression Ratio 15:1

4 4 = Engine Speed 1600rpm

£ o Pme 0.25MPa

5 2 % Injection Pressure 75MPa

E & Pilo Inj. Timing 31~-5° ATDC

6\ 0 Pilot Inj. Quantity (Single) 1.5mm3/st
30  -20 -10 0 10 20 30 Pilot Inj. Quantity (Multiple) 2, 1 mm?/st

Crank Angle (deg. ATDC) NOx 0.5g/kWh

Fig.6.33 Cylinder Pressure Diagram and ROHR

3000 =0.50/kW
NOx=0.5g/kWh / Inj. Event
2000 Spec2 7 5 [~26 1° ATpPC
i -21:-11 —7“

/
1000 Q 4 ¥
*JEEL_LQ- s#&

0 10 20 30 40
Pilot Interval (deg)

HC ( ppm)

Fig.6.34 Influence of Small Hole Nozzle on HC Emission

CECOBHETERIZIABITHEREELDD L /M) ANVTII A oy MEFD
Eﬁf&ﬁﬁwb#ﬂy% oy MNEZEOTILBAIME I L, FRINZREKBEEBIERT 5, £
DD, 734 7y MNEFEOBFKAIL X 5 BETH R BIRERIIREENDOIMAID = » PERITE
L., EEHIIZOEBEBRICEZET 2RNCIERT 5720, BN EVREEEMEL | HC
NELATZEEZOND,

DX, IFV LA VATAIBNTS vy MNEFREZBEBRICE S BEIT. BN
IR HHT /MR ) ANV CIRATRR O HC N E M?é%ﬁ%%é;k%%ﬁféﬁgﬂﬁéo
BER., BEEIEIIEE L Nox Z{EHT 5 72DICNETH D P, KAFFE TO HC ~D

RREL I NA oy NBEFOERMOEZE L ULIH{LERET D Z EXRARERD, &
L ORBEND | BEMEALIZH L TORT Y AREL . ZEEHOEIEE LSV ET
AT ?753#%“&:7%5%’6‘&)50
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6.5.3 ¥ Iy rru—F7 Ik bikEsBE

{EJEAE B T ORIBAAENZ BV T, EMETTRRE OEMRBENMEWZOFKEREN, £
D, REFFRITEL . REERBRBEICL Y HCREMNT B, by A 0P X & Fo
TREREROUER LOSZ AL OMEZ R T 5 —FE LRI, BIZHRN2DIX
RRIBRED LR TH 5, 7u—77 JIIREHRBRFRORTIBE LEFODIZES LD TH D,
WRDER IO —TFF T CRERDIEHBAEEDDDIXMEEHELEHE LN b . ETI v
Ja—77 7 COREBBRINEED TE 2, KEMFLOL & CIREBAREIMEORIEZ BRI
B0, BEHEBEEDOEWE T I v 7 /ua—7FT7 7 %5 Z LIIIRHTH B,

X 6. 351X-25°C COLEENRRBR D 1l 2 /Rd, & Z TITEMEE 15 D 2L =0 P U Z VT8,
1400COREBE L7225 T7Iv 7 7/ u—FF 7 2BRTHI LT RODER T u—TT
7D 950°CIZx% L CHAEME D EHIR R BN AIRE & 72 5,

[ 6.36 X 0CTOIRENERDHC L)V e e —REREDEELZRLIZLDT, Fu—
REREDO LFIZXE Y HC L-YVRIZIEEROIZEDT5, 20Xk Hic, Fo—KREHEEZ
EFBZ LTI BEOEKEM L= VTRV TH BIFRIKIRMAEME L IKIRRE T TOIE
HC LNV ZTGRTHZ LN TE D,

25°C CR.15:1

Ceramic Glow-Plug
(1400°C) \ e

Metal Glow-Plug (950°C)

)

1600

Engine Speed (rpm
% D
S S
S S
?
1 o

|
1

o

10 15 . 20
Time (sec)
Fig.6.35 Improvement of Cold Startability with a Ceramic Glow Plug

(e
(9]

Ambient Temp. 0°C
R4S+

HC just after Starting ( ppm)

600 800 1000 1200 1400 1600
Glow Plug Temp. (°C)

Fig.6.36 Effect of Glow Plug Surface Temperature on HC Reduction
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6.5.4 BREHEDE L
INFETCORERREDORERZETLHDEME6.3TITRTLIITRD,

Requirements:

- High Power

- Low HC

- Cold Startability

High Pressure Piezo Injector
- High Injection Pressure

- Small Hole Dia.

- Multi-Hole (ex. over 9 Holes)

Low C.R.

A

Wider Cavit ; AT
: Ceramic Glow Plug Multiple Injection
- High Temperature of Small Quantity
- Rapid Heating

Fig.6.37 Combination of Lower CR, Wider Cavity Piston and Piezo Injection System

c [BEMHAVICE Y BEERHOEMI L, X NIy BT 40— 2 AT ESF AR
LT ENMKRETH D,
BEETY AV FICLY, BESEL (BEREEOERE) LKV 7 METOESE
DKL FIRE & 72 B,
J ANVEZHAGIMRBLEEMED DV T, BARIED HC OWERFIRETH 223, /MR LHE
HEbE M ay MNERERIRETH L XX, BEOERANHET 2D, HC DE(LICE
BT OUERDHD, WERLLTEZY A V=7 FIT L BEEOHKAL L & BEHH
BEHTH 5,

- BT Iv I T u— I L BREMA L B K VIRIBRFOEESRENFREL 25,

EEY, BEMHEHEZR—XL Lo MIBWT, BHAZER L, BE L R AKE

BVNIERARTEED HC BB, (RIEREIMESENFAREL 2D, ZNbDare 7 Moy LT
WENBIIEHEED 2D T 4 — B DN T RTER L,
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6.6 fllts 2T ADKE
I TIIBAE R T LAOBBBRIC VTS,
£ 6.7 THEEBRNOEONMEL ZT LOBBERA 2 MZOWTEEDELEDTHY
6. 38 ITBRMLE L AT LOEEIELZT Y, K6.TITRTHRA Y b2b LITHRZED,
WE - FROWE T RET LT,
Table.6.7 Knowledge Gained through the Field Trials

Item Improvement Point
. *Reducing the Amount of Sulfur Poisoning at the FrontEnd of the NSR
(ONOx Reduction *Finer Atomization of Fuel through Exhaust Port Injector
@PM Regeneration » Continuous Regeneration for Better Fuel Economy.

= Optimization of Forced Regeneration Timing

Sulfur Discharging | *Expansion of Control Range to Accommodate High Performance Engines

»Increasing the Engine Exhaust Gas Temperature
@Actual Fuel Economy| , Improvements (1D, and @Shown Above.

Catalytic Converter
- NSR Catalyst $
oenrcaays AN

Low Fuel

Low
Emission

Exhaust Port Injector

Fig.6.38 Key Technology to Improve the Catalyst System

6.6.1 NOxck B ZhE
X16.39 1% 20D = DU EHEEH LT XU U ADERIN EC T— REITIZRIT 5 Nox %, 15
EBRE L OB TRt BfTEBOEME & HICAEEROMBMEBIER RN 508, 0%

1,590kg Avensis I

0.30
Euro4 Regulation

0.25

0.20

0.15 |'%

NOx (g/km)

0.10 |

0.05 '

0.00
0 20 40 60 80 100 120

Mileage (1,000km)
Fig.6.39 Emission Data of 2AD Engine on 1,590kg Avensis
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DMEREMNZE L2 TD NOox L-UUIETHIERERE|IKRT LEkE S i, BRI Eurod HE4 A Y
ERWE L O TERTE D LD D, [FRITRE D D WIIA A VEOREENMER T
UL, FRELMERESNHME L S HIEVVENER TE B L FRTE 5,

6.6.2 [EIX il COREEERIT

Z ZTEBINTOTHBERI GEONTIFROMBITERIZOWVTIEANS, 2 b DRERIT
2AD TV v DI BRI L T\ 5,

X 6. 40 |XTHIFEBRED> b EUX L 72 AELIZ 33T, NSR fififft, DPNR A2 £ OFiEIC
L BXRABES T TN HDTH D, KLY NSR ORISR DWBREN LN LR’
DD DY, T AV OER /T B~ B = S HIE R O RIR MR & & A/F A —HR
TRWZ &2 L%, DPNR ARELIZ W CTIXERERAMAIA BB Z VDS, 2RETIZIE NSR fffiz
A EEITD 2L ZHUIRIBRE OA/F O ASNSRAREEIZ R E VB —TH D Z iz k5,
TS NOx ¥ LHEBRIC DWW T H R Z & R E 2 5,

Fr
,:jf %/ Sulfur Poisoning
. v : Re Amount (Relative)

i

___l__,/ Fr 1.6

DPNR 1
cat. I 1.2
//I Quter 0.4

Outer |
/ | Rr o0

Center \ I )

1.6

o [a—
=t
)

N
~
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S
oo

<
~
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(=)
oo
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S
<

Fig.6.40 Sulfur Poisoning Distribution in Catalyst

B 6. 41 IITHEBRED OB OB EZEER O Nox WEEZ, EITHERD & 1cEH
L72% DT, NSR+DPNR fifgt, NSR fifif, DPNR it DAEATHER 27" 7, T EBRIT Y 9] DPNR
fRIED A TR X — h L7z28, &9 ChTE: NSR filff, 7%E% DPNR fifilicgl v Bix /=, Z 2 CiX
BEOT—FEEHLTND, RBZOMBEERIIFIED 10D DEEMLFETHERA L,
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NSR Cat.+DPNR Cat.

= ; :
= o Field Trial |
< 0.8
& 06 ¥ _/ \_
g > NSRJ§ DPNR
&g 04 E L& | cae
6 -% 0.2 C1 \ /
0 5 10 15 20 25
Mileage(10,000km)
NSR Cat. DPNR Cat.

= =
é 1.0 e g 10 ¥

Therma | Thermal
ﬁ 0.8 Damage % 0.8 Damage
& 06 o0 0.6
§ ’jg\ 0.4 Sulfur § § 04
& 2 ey & B
6 % 02 - . o1soning 5 % 02 .t
Z & 0.0 . : : Z & 00 —— .

0 5 10 15 20 0 5 10 15 20
Mileage (10,000km) Mileage (10,000km)

Fig.6.41 Degradation of NOx Storage Performance

B & DA Nox WBEITBESILR ORREIC L D KAREDOEELZITRENMET T2
T &3 0D D, BITIENSRHDPNR 8 LN, 2 E N DAREELIZ I8N THILD 72 W FHE B AR FRE D
EZN—R|ZHBECTEEL, MEBEICKDKAEED LESLOEEBIZ LD LDICHBELT,
VBRI L CiT, BB LA BEBDY U Z ) v/ (BE) BER L ORI O EIC
K DRI T A DFENTRE R Z VW TIT o 72, 30000km F Cld, NSRRI EICHEHED
B X T, F7 DPNR M IIEICBSOEELZ T THITBMT 508, Z0ORIIEE
THEMIZH D, 2T, BEERBOEC LAV U F ) U IINEELX, BRENERD 2L L
MBEOWERENHE L WEFR TN THEELZEREEX D,

6.6.3 flEy A4 XDEE

R 6. 8 [IAREEDFETIZ OV T, [X 6. 42 IR B8 FE F O FRIEEER IR DR E AR ITD
WTTHHEREDOT —F LB LD TH D, BESMIONTUL, ZHFREEZ D LI0E
L7z, 20D IZB W T NSRIEDE S LREZHEC L2 Z & T, BR T/R$ NSR AREERTHO
BESMILIVE 220, MEEEEERIEMEIGE CE =, BESAIY—LLLN
5 Z LI ETOHC, A/F b —LENTWAZ EERLTEY ., Zi b 1T NSR il Dz
BEDHMNE bbb, F—& /10 Nox WEMERER EIZ B EB L TV 5,
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Table.6.8 DPNR Catalyst Specification

Field Trial 2AD
Catalyst NSR DPNR NSR DPNR
Capacity(L) 0.8 2 1.45 2
Size 0120xL60 | @129XL150 | 129X L110 | 160 XL100

< Condition >

70km/h
Sulfur Discharging

Average Temp.

I700°C

650
600
550
500
450
400

2AD

Field Trial

Fig.6.42 Comparison of Bed Temperature

6.6.4 FRHFEEEEHBEOKR
X 6. 43 | 3ARE DB B E BITH T DRI & NOx WEERE K OVRE MERE & DEELR

ERLIESDTH D, RERHEOERIED 650 COEMEEZ L5 L it EEN D WNEE,

NOx D&

Rate of Fuel

NOx Storage

Sulfur Discharge

T9%, O, MEKREENSVEE

(TINS5 —7, BRERAHEEITK

-§ ‘l:.G.:md......“ it
a
g
a USSR 0 ot o (R Y &
£ |1 BitE
SOV R 1] i Discharging
= With 650°C
g After 100,000km Py Sulfur Discharging
Eo
22 [Tioomd WS
58
_ 60 ............................
: 40
£
§ 20 o et R Bed Temperature
o 0 | 650°C
8.5

5.5 6 6.5 7 7.5 8
Sulfur Poisoning Amount in DPNR Catalyst (g)

Fig.6.43 Influences of Sulfur Poisoning on
Discharge Speed , NOx Emissions and Fuel Consumption
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(ZHANRHIZE T SRR R R D720 BVEHEZE T RIBICE LS 5, £ Z T 2AD DFifbfs:
VAT BT TR R £ S 5 7o, BUCRY & 5 ICHEE AR OBRIR I
% 650 b T00°CICEH B = L 1T Liz, ROBEIIAMEOREERS T L THY ., 650TIC
B2k AHEE BREHKEEE 0 D&) X 7g CTHIXEE TS Z LiTHskRv, BIFEY
MIOWERERIENL, 8g ETHO T Tg ETHEIET D LW 5 FlEIZ A L T\ eas, R
E% 100CIEHIT 5 2 LT, KAKEEIT 6g L 720 T B Tg £ TEDHT 6g £ CH
BT DLWV HEICEE L,

ZORR LRI~ &0 72 < Th L 0GR CHERIET 5 2 L AT L o T,
ZHRIC XV IREREE ~DORE GBS FIRE L 72 D | NOx WIBRMERE S DT CTldd 2 A S
EHZEBNTE I, THIL T00°CLNTORE EF THIUTKHEERZ 8/ 513 5 23k
DELIIZONTHEFTHD EVIERTH B,

6. 44 IR EHFEERIEF O, NSR filfft, DPNR AEDENE COREZEEZ R LD
DTd %, NSR Al i s & (8 DPNR AlIE I AW T IR IR DB/ & < BAZLZEIC A -
TV A, NSR ARIZ BV CEFEHEIIEVICH DL 67, B TR X 5 ICEEVEHIE
BiE% EEo TV, Zid, AISES MO BIC L ~RERHIENRS 5720 TR B
bRV Z 2 2EEL TV 5, SRV CRBEREHRINC £ 3 U v F— ) — i 0
AU E— VRN FEEENEN2/3 IZEMETEZ L T ERO X HITNSR ADDIR
BEZEENE Z#E /1N L, 600~T00°CLAPIZHIE§ 5 Z L 23 FTRE & 72 0 BB bl b D7 3 o 7,

DPNR Cat.Center

-OQO/_'.Y

NSR Cat. Front NSR Cat. Center A/F Sensor

Control band
DPNR Cat. Center  NgR Cat. Center DPNR Cat. Center ~ NSR Cat. Center
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Fig.6.44 Temperature Control during Sulfur Poisoning Recovery
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Fig.6.52 System Durability: Ash
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Table.6.9 Summary of Catalyst System Improvement

Item Description
*Increased NSR Capacity
NOx Reduction Improvement Reduced Sulfur Poisoning Amount

Finer Atomization of Added Fuel

* Optimized Amount of PM Accumulation

PM Regeneration Improvement
g ! pr for Forced PM Regeneration

Reduced Pressure Loss

: - Improved Catalyst Substrate and Coating
to Support High Power
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