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ABSTRACT

The emission regulation of passenger vehicles is becoming strict worldwide to improve the
atmospheric environment. Despite the enhanced regulations, the actual atmospheric environment has
not been improved to the level of the regulation values. This is attributable to the emission gases
obtained in the chassis dynamometer test that deviated from the real driving condition. To improve
this deviation, a test method for measuring the emission gas during real driving using a portable
emissions measurement system (PEMS) have been introduced and implemented. However, an
evaluation of real-driving emissions (RDE) using PEMS is influenced by the driving patterns arising
from various road and traffic environments, weather conditions, and the driver's driving
characteristics. The exhaust gas changes each time and it is extremely difficult to evaluate it. To
fairly and efficiently evaluate the emission gas under real driving, it is necessary that a method could
predict and evaluate the tendency of the exhaust gas under various real-driving conditions and
fluctuations in the emission due to various factors.

The objective of this research is to evaluate NOx emission under various real-driving conditions
with the limited engine information. Firstly, a 1-D simulation model with GPS vehicle speed and
road gradient as input variables was constructed and the amount of exhaust gas was predicted during
transient operation.

The second section describes a NOx emission prediction model constructed for diesel passenger
car without NOx reduction catalysts, which can evaluate NOx emission under real-driving
conditions with simple variables chosen. NOx emission could be predicted by adding velocity,
acceleration, square of acceleration, and road gradient as explanatory variables and constructing a
NOx emission prediction formula for each determined gear position. As a result, the NOx emission
model accuracy was verified by applying this model to real driving conditions including the city and
highway regions. The amount of predicted NOx emission showed a high correlation with the
measured NOx emission. These explanatory variables could be regarded as important factors for
accurately predicting the NOx emission in real driving.

The third section describes validation for constructing NOx emission prediction model for diesel
passenger car equipped with NOXx storage catalysts. NOx emission on the engine-out side can be
predicted in another engine with different specifications and control logic as referred above NOx
prediction model. In addition, it was possible to appropriately predict the instantaneous NOXx

emission and total NOx emission in real driving on the engine-out side by applying the NOx



conversion efficiency of the catalyst obtained from the chassis dynamometer test to the NOXx
emission prediction model. However, NOx slip section existed where more NOXx emissions were
shown than those predicted occurred after a temperature raised by rich spike. It was possible to
appropriately predict the NOx emission on the tailpipe-out side by applying the new catalyst model
considered rising temperature.

The forth section investigates the characteristics of NOx emission for environmental factors under
real-driving. A humidity had high correlation with NOx emission. In order to reduce the influence of
humidity, it was clarified that a humidity correction formula used on the chassis dynamometer could
be applied on real-driving condition. An ambient temperature was affected on the maximum
combustion temperature and road load, and no large difference in the NOx emission amount was
occurred. Atmospheric pressure seemed to be a factor influencing the road load. Since the difference
in the atmospheric pressure is not significant in real-driving conditions, the influence on the amount
of NOx emission was small. The effect of wind on NOx emissions was investigated during
real-driving. In the section, where the road gradient and the acceleration fluctuation were small, the

amount of NOx emission showed a high correlation with the wind velocity.
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Fig.1.1 Diurnal variations of hourly averaged concertation of NOx and O3®@
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RRCARIC& D —Jofiit D, —Jeflilix, % OMBIRILIC S D7 ELEEE, it
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Fig.1.3 Emission of air pollution by automobile exhaust gas, 1979-2015 (9
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FHEE LICHEMZREL TUESN TN, VY AT RIFERZ2REL0—703H0, n—F|2
1ZFAFEA—FCIY EFEDOIE R Z BT T DO LM AR RARESH, THICKERAETE
BT 2% E ChD. RBREN CHEILEESILTRY, JRUTAZRmRL CToird 22 THEH
TABIORE 27 TE 50008, Z N F THRSE TU v ¥ AT B2 W TiBRERER T
iz, 72k, RN Y 7 TITEE N REINONTZTANENIEND, Ty X AT EE N
ZRBRIIMTONTEL T, FEVTIUCBW T VU BRTIHB 21T = DU R F iR
DPTHONTND.

1. 2. 2 SEOFERR

FE O T —ROFRIEENT /N F— L TR T DA R USRS R 2 X 14127909, —
KAVRREREE — R DG, BH OEITRIFZ M LIS D L5720, BE DR, Wi b
TRRRBIT A S —=S 2N EIT72Y, FRAERRERIF I F 3~ RIEE A A AT O REIRIE, FERRETTH
ROHPH IR LITRERR ST, TP A5 RANE 2 i FE 72 A AN D Aub i o
NI, ToL 2R THh o ThZ DORRLIVZREHE CHE A ARIE N R Z L O ERL T %
P T 257 FHIT DL, ZDOHERPBIRICKEREIGE HHDHT LT, K0V BR S
ECORED VEEMED FE-> TETZ.

BMEP
A

Engine speed

Fig.1.4 Operating range of engine load among test mode and real-driving®



1998 A KE T, BH DRI B A— I —HIFRERIE LIS O s BT S TR B LA H e L
CHEH AT AR (B A RE L 72\ HIE 2 FER L 724t 5, NOX HEHI E 23S FFABLHIE LY 3 kS
NIZZENFERSNICOZ LD REEET O BLENEN GRS, ZAUTEY, KETIT Portable
Emissions Measurement System (PEMS) & F\ /= K HEOHE H A ATERRHIE % i1 79 D& -0 T
E720, 2007 4E S RAVH T In Use Compliance B 23K E bt E~7-@D,

[EIPN T, 2011 AR —F DR T 4 — BV EIZI W T, SERERER YA 7L & Fe D EITIREEIS
725 LHE AT A Z BT D LI (T 74— hART TV —) BHLAIAEN TWDLZERHRL,
FORERRER FIED—E RESN DL EHIT, MURIR R E CTHE T AHIH O — 5 EER A 78D D504
(= AR O WL T =@,

ZOZODFNFTNT LT A — BT DU AR LT ElIC BT 2D ThD. T— BT
2V DY AT AR R IR RE M AMERE L ST D728, Hk AT AR AT D T8 A EE A3 A
F o3I EER AR L IO LU TRIERBIEI S THO LV IRILUZH > Teb DLV 2 5.

HTRLO In Use Compliance HLHillZBE 4 2F A D —ERE L T, West Virginia University (WVU) T
I% PEMS % Fvy, K[EHIHI D Tier 2 Bin 5/ULEV ITIZiE A L= 3 B DT +—E /LR HHOEEE A
ITEBREAToTZ. TOFRER, T X AT ERBR CTIIERH AT TERE Th o7z 2 BOHNIZE
T, 5705 35 /50D NOX IS FE AT 2 ZEDERRSN=@. 2, iDL —7e b HvnTy
YL ATE LR EITEHIEL, NOX AR 28T T EGR A I3 322 E1T
L7=7o) CThole. BRI 2B ENO T v X A0 —7 BIZEETHZEEFIAL,
8l B A— 77— 2N FRRERRBR R (R o THE AT AR 24 )2 T~ 2B ORI 24T > 7o 283 3o Tz,
WVU D #4525 The International Council on Clean Transportation (ICCT) ClRKN Hi i
EURO 5/6 ZiiliL 7= 15 B O HMIZ BV THEREGETHRZIT 72, K 15 1R8I, FEHET
“C EURO 5/6 ¢ NOx #iffill &-{i7= 9 #ili (X377 1 5z e & E0, HbilEE b B - B CIds
FIME LD 25 5D AZF AL 72@. o> Joint Research Centre (JRC) T3k f #HLA % 41T
PEMS ZFIH L CEBEITEREITTRER, YV BT THR L ATERFF A HEHELLN
Tholz. LLRRG, T —E/VEIZEW T NOX JEH &SI L IERE s m K EICH DD
EDON, T 4— B HHETD PEMS ZHH L7 ERETHBI N L E THOZ LA R L@,
EWNIZBNTS, 8 BDT 4 —EBARMETORNEY 7 MEF A ELFHAELZRE R, 8 BOHMIX
TR IVHEATE ECORIEY T TR T273, RIRICED EGR (RERIHZIT 726 &
O HI TR EITHABR TO NOX HEHH &2 HIE LD @< o 7o 2 &M R S 41739,



On-road emission results, by vehicle Above type—approval

2 Below or equal to type-approval
I ~bove Euro 5 limit

SCRO LNT 0 I ~bove Euro 6, below Euro 5 limit
I Bclow Euro 6 limit

Euro 5 limit

Euro 6 limit

-
()]

SCR G 15 test vehicles in total (6 manufacturers),
with different NOX control technologies:

—_

+ 10 selective catalytic reduction (SCR)
Sl G m EGR » 4 exhaust gas recirculation (EGR)

* 1lean NO, trap (LNT)
EGRQ SCR QSCR o EGR
SCR Average Euro 6 NO, conformity factors
@1&@ EGR (ratio of on-road emissions to legal limits):
SCRQ EG e GSCR + all cars: 71
0 SER « best performer (Vehicle C, SCR): 1.0

100 120 140 160 180 » bad performer (Vehicle H, LNT): 24.3
« worst performer (Vehicle L, SCR): 25.4

Average NO, [g/km]

=
w

Average CO, (as % of type—approval [g/km])

Fig.1.5 Results of NOx and CO2 emissions for vehicles under real-driving test ¢4

XV ATERERE R ET COTBEEZ S E D720, PEMS & W TEBETROPEH AT
A E T 5 BRTE (Real Driving Emissions: RDE) 38 X N O LIS 2258 A S TR,
[EIN T 2022 LD FFEDOHEH T AR A AE AT 2 EBRERIIBHINFIZ OV THRmSILT
VSO

T4 — BV EIZB W TUIRFI NOXHEH A X G E LT, SESERETRIE/N—LTIY
BLEOYEH A AVEREE AR CE D% B ICHRBRIENED DIz, E1T/V— NI D 3AE
1EIEDZWTTN (City), FIEH TOEITEZFEET D84 (Rural) 38 X OVE # (Highway) # & A7
DEL, 7 =—ADEATIHHEHIA 3B3%LRDRMAT T VERDHD. BREFMFIZOWT, v
DEATERBRTITEIR 25°C, E 30~T75%FEE D —ERFMFTITIZENEDHILTVDIS,
RDE R CTIIADIRWVRIRND E O mWRIR, =7 2 O 7R EEBRO BB 2 S -5 R
HREND.

UL D, R AEFTRFOPEH T AMREITRIR, B, KRRIEE W7o KIES(F, EE -

B LD EAT I — U BIORTANOEEFHERE S DR 1O BLEZ T HT-0, il E
it 3D EECHE T AMERE A AL L TL RV, A RFHli AR THEL VY. D728, WNIENDH)
RN ETRHIZ I DU T APEREZ Al 4 5720121, v Iab—Tal45a IV TRk
FTHIENLEL. FHNTIZLDPEH T AD LB 2 UL TE, o2 REREITSRMIC
BT DPEH A ADOYE A 2 TR - R T2 FIEOBR RN LE THD.



1. 3 NOx EHETFHIFIE

T DU DHOPEH AT A, BT 4= Db NOX JEHEZ T2 5 IOV T
3R & 2B E D BT, REL 3 DI srahd. - (b U DWW CE G AT 7
DEET IV, WEET WKL CTERT — XD LB LOREET Va A GbiT
BT L, =P OFHIIT — XIS W E T VTR AN TED. KFHE
TNTHLT Ty IRy I AET NI, WHRRERE E B TR ERE RO 72 bif
NS E T VARG D70, (HRIRFIC LD A2 Z 2L CHENICHREHOMNICTHTL
ZHIE T AR TG M B2 % REI TR B OB L0 iR BT T LB IO
Wy PR A G L Cil 32 B SR HE T /LIS DV TGRS,

1. 3.1 MEETNEHZ NOx THIGE

PRBEFRIZ 35155 NOX DA k%1% Thermal NO, Prompt NO, Fuel NO X1 N2O #&H > NO
W23 T HIVTNA R0 ZE R i DFEFR LR RN TV R BEE N CRER L EUS I IV AE RS
% Thermal NO A FEIZFATHZENMERSNTZ. ZOERKSISE Zel’dovich 232 %L, &(1.1)
(2R LTe Zel’ dovich # D RS IC I A kS s, A (1.1) OO RAREB LI KE R, 20 (1.2) 2345
HILDH®D)., ZORAND, NO ORI E LR E IR E KT HIEN DD,

O+N;=NO+N #(1.2)
N+0,=NO+0
N +OH=NO +H

d[NO] 6x10'® —69090 1/2 X (1.2)
= e (T 10,1 Va1,

TRIET AT DU NTGA=ENG, EASNDIT AR (e, ER)ER[NENE ATIL,
WRBEIRFOD K IR IR BE LIRIGE S DRI C DI ARy A 5T T 228 T NOX HE e TS FTREL 725
Andersson HIE, WEE, TAREBIOHENE1E2 ANZEEELT NOX ERET VAL, K
BEOBEE R A2 AT T FRFIZB W T L2 5:4CTD NOXx THIZFREEL72CY. Payri BT,
Zel’dovich #1212, EGR EFHEER ICI W TARKE LD NOX TORMET AT 57202, ZHUz kD,
Zel’dovich HE#ED LD EIRFEETO NOX AR TFHIEI A+ THHZENDN-T-. Fe,
EGR 3 m< BEIRE MR /2 HIRIR AR T Zel’dovich ##0D ZTO TG EALL, BIIFE
HDEEBNVEELD. Lee HiE, Engine Control Unit (ECU) % VN THENJE &I BV A B &
ORBEREZ R L, MAZELR~y 7T BLIREGRETF N EZ WAL THINTOMBELER DR
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FEa TRz, =P 2 RINFEAEE —R Téh2d New European Driving Cycle (NEDC) “&—K G
BiL, BT VO TFRRERET VU O FBRAEREMEELTZ. ZORER, EMERNTE IR L7220,
TEBANS T6%DIRAELLRY, BV TR RGO, Fiz, Ay MESIZIDTARE,
IREHR G B E B2 2 AT — VB L OBBHE & @ EICHER L T Y=o 2 I iifG 32 aE
Y=V DIENPEALT HTET NO JERRKH IZ 2 52, NOX HEH &L E§ 52 L2 fERd
L7z, O EZ KM CEDLMIEREAE 52, &4 B LU Worldwide-harmonized Light-vehicles
Test Cycle (WLTC) &—R CTOMGE CHEH BEDRRFED 3%L72DfE R MFHIT-CY.

fili 1% > NOx HEH &4 T B (b7 a7 V238 ©& 5. Schwiedernoch &
1Z, CHy LAIECOUGHOE &, TAVH L, TV —B I OMGRE SRR DA O W HLT
(BT MEEATV, il CHy LD FE SIS T 22 TR FET L AREEEL 729, Koci HiT,
EITHI CaHe & NOx W fiff (NOx Storage Catalyst: NSC) D& i KB L7= 1-D 71/ T L%
W= TRIET VERBEEL, B4 72IREE ST NSC 1231 2 Wik & 3% o SR 2 & BRI Tl
72@9. Gao HIE, i TITHON AW RIS LM FHR LA Simulink 7 077 L6 ET LAkl
7-. Federal Test Procedure (FTP) & —R CTOMAEAFTV, THIME 0.05g/mile (ZxL, FEBREA
0.04g/mile L7 55E R AFFHATZED.

WEET WL NOX HEH &4 @V CTHRITE, MIERFSOSME X IV THRED
EBWENDD. —J7, BT NAD AN DU R_GA—ZTHHMBEENIE S, EGR %, HEX
HAIRSE, MR B 7o & Sk DO BRI WA B L3 DT O ML DS RE T BT,
a2l —valRHNRSTRAMNE W ZERHD.

1. 3. 2 WHE-HEFHET VRV NOx FHIGT#E

ZOEFET IIT L —Ry 7 AET L (Grey box) &AL, ECU DI lids LU —ak & D&
RS 5720, BRI AREFT — 200Ny I Ty 7T —T )0, BRI E DTk
%Rt 4569,

Asprion HiE, NOX E7 VO EELH /3 ChHARNIENZE T =~y TG+ 528
TR LUz, AMEXREICIBN TS 35%Dih ALY, KIS THITHEL 7257269, Shilling &
X, BN STA—ZDFEI T I RET LV OMBE DAL, NOx HEHEF /1T E
PR E R 52 DB BV CRIRET VA L7, Hirsch Hi%, FERIET VB L OENM
JFET VA AW THIELL7Z NOX JEHI BT /LA L 7=, ECU MO AN EERFTRY, =
VHAAREERNAZETRINIE NN TRICEZ. ZOFEEZRWADZECHERMZEL T2
EWFREE T2 572, NOX HEH ED SE-HIE D H TR 84% D MG DT 03, NOX B — 712 E
WO b2 B S, RFTXK I COIMROUEEN LI L2 50D. Zn b0 FiETIIMEET
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IO NOX HEHI &2 THITE, ECU S &3 2L TRIAKR MNP DR R HD. —
7, BT NANDATNCENEE DT — 2 BLOS EO T VAR E LT DHEN G5,

FRUEHETHEM LT —2 L0 BICEHA TR a FV, WBR 2R Bk A FF SR 1%
W27 —Ry 7 AT L ONF5ELI T -, Vereshchaga B, FEREZEIR RS> A1 A
& NOX (2R L CTFHIE T VARRE LTz, BB R EEY 5.2 50 VU B, REE ST
&, WAZERI R, BEE S, 3B L —VENBIOYEH T AN DR DI B R A A ) 28
BETHTMET VAR LIZG, Ajtay BIE, TP DxIviar~<y T —2%&2 M-,
Brake Mean Efficient Pressure (bmep), =2 U [aliisdl, ~=7 /L NS & 5T 5T LT NOX
PEHZ TIL, Euro 3 BRI A 2 L7l COTRIZAT 7). = P EliRE =)
EEBETLIFENRESNIZ. X AT EEFIAL, 2638 HOfHEFF>=Ivvar~vy T %
A3 L7z, Euro 2 DT +—E /L FHEL Euro 3 BLHl OB V) BA V- CRGEE T -T2, £ 0D
i F, CO, HC L UMREHHE #l PR LS PIITTE7223, NOX HEH Tl 0@ RFEmL 72, LS
Leis, TPHIET TER O R DA, B OFEUR LS KO~y 7 I 72 & B35
XETREMEOHM ER IR VAN RE TG T 50 ERH S0, % ICH s
NOx Z Tl $ 57 L —Ry 7 ZET N OFEbI T, Pisu HiE, HERT AN &, Y5 AR
BROPER N ARG 2 FHAIL, FHUEA Y B AL BT T M AT)THZET NSC filtlfi#% D NOx
PEH EA THIL7-®. Han HI%, Euros Mz L7 +—B o v a vy v Lo
ZATo7. ECU BROMMERT# DOIRE R E TR E e 7 — 22 B4 L, MATLAB & Simulink
Z W/ R IEINS /ST A= B E R L 72 NSC BT /L EAEZEL7-. NOX W iE 7 /L, NOX iZ
TCET VIR L OISR T 7 A bl o NOx HEHEZTHIL7Z. NSC E7 /LD Tl
& NEDC & — R EBRMEI LA 2 T%E 72~ 7209), ZH0E T VIR 213N E 1 L0
HILLFTWT =2 e, = VU SN D A A8 5E L, ECU BRUR %
eI MIN O SZ 'OT —H T DNENHD. TV AFRE TG TERV—K
FIAZE E3708 1, 2R FIEEZ VT NOX HEH A TR D22 L X#EL .

TV AR RS NOX HEH &4 TR D8OV, BEE) Y, Hm O A,
ERAREBEL, PR Bl OA R 2 AR ST 5 FRIET VORI HEATZ. Ander
blX, FHEH T AET B W CERBIRET VAER AR 7 H0/ ST A—FOBIEE L THEEE
Liz. ZORTA=ZOBRMNERE D IEMIEINE DBRE LV B GRIAL 720, AT
b REFF RN DS, CO & CO, DPEHFIE 0.8 LU EDOFHBIfREL (RY) ZFF>7274%, NOX O
PEHIE21% 0.2~0.5 D R?fEE72 52 LT NOX TOFREEE DMK 747, Cappiello Hb, HjEH) D
BSERHWTET UL, SN, H0E, I8 3 JONE I Al 2 FIV N CHL ) 2 5
BA DI THH A ARZTRIL, > r s X AT EEHOTHRAELZ®. ZNHO R8T E
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T T MEIT —Z D72V X COITITRE DB T 2R B 53, &7 VAREE) s i
HCRHERFH IR 2L, T —=2PHET DX IR W TRV ENGOND. B IR L
REZMONTET VRS HTFIEIT DU KO ECU 7 — 2 2 83" NOx HEHH &%
THITE, ZRRRFMFITHEA TEDLFELEZADND. LINLADND, ZOLDET MTERRDE
FARDLRCBR IR R 2 K CET v 2 AT EO B THREECFHIiS AL, EREAEATRFO NOX HE
HEAZRHE 2L WO R T F oK EICEIEL TOD LIV AT, EETRICLEITES
THET VORI EEND.

1. 4 AEOER

HEVE, FrlZT7 1 — B AR ETORETAPERIL, v X AT E LOKHEE I EITD
PEHUEICTBEN D D2 ENRIEESND. ZDTD VY X AT TERAOTZHERO KNI EE ED
T, FEEREZE1TT 5 RDE HLHIDNAD > TS, LaLRnsn, PEMS Z W EATHEH AT

AGTAM 3 2 7R - ASEBR B IS LD AT —, RIR, BIE, KRREE V-7 KIESMF B X
ORFANOIEGEREIE IR E DR BT D128, #BE FE i 2 EEICHE M T A DRI ZE{LL T
LEV, S A THEEL VY. ZD7=3, A IEO RN R ER E1TRIC I D8 0 2% 34
THIDIIE, FFREEF LD T ADEENZ EHALTE, hokkx REREITRIFICHITD
PEH AT AD P B 2 T - 4288 T2 FIEOBRFE R LI THD. ZDT-DITIT LSRR R4 [ Bk
TX, FRBL— M BT E T HEE TRITED I 2L — 2 a FIENE DN THD. ZET
IZT Vv ECU 7 — 2 BRI = oL BOERE AN To v ¥ A FE L THRAELTZHF
ZellEZ<dHs. ZNDITHFREY — /L LU CREERBRIE~OE A O F(bE FEHIELIZH DO TH
D, EFEOBREIMEREOHREE H L LIZbOLITN AR, —F TEAEARE R B L2 T 5%
FEEATICRB W THE A O DU FRA G NOx HEH &2 T 561130700 pE]
WTHY, —BENTRE TR R T — 2D EBEEITICIITH NOX HEH FRIIZ DWW TRMEEE 52
EDS, JOBLEMRBREVERR AR T 228027 D. T TR EN S HEICERAITICBITS
NOX HEHZ Tl 5 FBEE LT, i P UAFHIIE H LW FEIZ LD NOX FEH FHIE T Va2
ZL, ZOETNERNTT 4 —BARHEIZB T HHEEAEITRFO NOX TRIFRED MR ZEY
Tz LT 5, ATRET VL 1.3 EiDT L —Ry I AET MHETES. BT LD HEL
TIE, FHET VO ATIEHEL T ECU E RO PG RELM AT Global Positioning
System (GPS) Hiid 3 L ONE I Al A S 352 8T, BRiE NOX PEHH B3Pl 95, 2o Fikick
D, #FL<tED RDE HMNCIVBERIER, BREESAF 2R TE D720, HEHA AR R
HTEDLEEZBID. RIFFE CEBETRIZB T D~ 7B R R 1120, NOx HEHIZ 525
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B OWTHET 5.
VL ERY, AGRSCTIXLL RIS R T 6 DOHBIZOWTGHETL2ZE2 HNET D.

@)

2

®3)

(4)

()

(6)

ADVEEE A R LR BN IEEZ 5 1) BIOWE KA LT 532 —rar T
5T, WHT BT Z L THEary R—x 0 bOEE AN J LT FRIET VT RE R ETNOHET
T =2 HWTTFHET VAR T 55 CThHY TR ETTRICIITS NOX JEHEDO THIZ
D,

NOX (IR 2225 L Cu v 7 — B L 3 3L CIERFE IS5 NOX 2812 1E 3~ TRABEIC
JVAERLIELDEEZONDTZD, () THRAZET VE W T B IO E#ETEE A
7EN—hTCOFRIGEIZ OV THHET .

NOX W fiti 244 L 7= 7 ¢ — BV R I EL T, (1) TR 728 T /WS HNZ T NOX fil i D 45
MWEEBLIZET NVNLELRD. ZOHHTr U OB A ESND NOx HiH &1
WZOWTHE, QTHWELDZHAWSZLELT:. ZORRA2 R ETEHETHZLET, Q0
ETNERRO R DN B TERY W ERGET D875,

NOx W jsfitihiZ 35155 NOX LD AN = R MIIEF ITHHMETHY, TnoEaE 352l
a7 0 EIH H T NOX k&4 Tl 2 AL I T AN RS DER DT80, LU
T ¥ AT IR ORARRE—FETHRO NOX b RE~N—REL, ZTITFEE
FTREREA D NOX THIET VA BN 5L T, NOx W sfii a2 fH L= 7 +— B
IZOWTHT— LA 7 H 0 TO NOX PEHH A2 TRITCED FIEEIRE T 2.

(&) D T2 FAV T NOX WAl % i U 7= 7 ¢ — B L 3 A FA O C i s L OV
1TaE TN —RCOTRNGEIZOWCHAL, ELIEET VOREEZRGET 5.

B2 TRBRBE ST Ko TEBGEITTEREZITV, BREEIA 10 S NOX JEHIC 5 2 D8
DWW T 5.

ﬁ
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1. 5 FIXOBE

KA SII6EH TR S LD . B EOMEZ LI TR~ S,

ABFIETIE, RAERBRIZI51T D HE I A BB & 23 B AT R O JE IS TR A B D Z M
DI T AR (RDE) MG E -T2 28728 %91 T, BLFEITH 2D 2R ETT S TONOXFE
A REE T DT E R AT, T2 CARFEIIFEELL T, RDESHI OB Atz 1T, 2
FCOPEH A AVERE TS 2B+ A FE Bl 2 R L, 0 CNOxBEH T I T /L o Al REME %
BRET T DICHTVELEEFLL T D, NOXFEHH O TR AT 72 E L T, = DU e8I+
ZHL [E A OEH A H LW — O HHET VO BIR I L UE ~ 7B B0 1T 420 2
THTFHET BT DI, EEITREOPEEAT AMEREZ T T 5I2H 72> TRAIK THD
ZHPOLTEIETHY, RIFFE CIIMERIFREESE L2 ObbbLLNT 7 r—F & FNT
NGRS AREAIC AL ATE.

2w R AR L LI R ENOXPEH T illE 7 L

FRETTHRE NOX JEHAZ TR TELh &b — KR Ialb—ial FEEL T, v oM
e~y P E O T AT T L ORERIZ OV TR RS, ZOFHIET UL, =Ry
FREA T VU OBGNRE R G LT — XL DT, YA AT EEHNT
U Ay v a S RRENER Sy DR R AFHAIL T2 T — ZIZ ST Ay v a BT VB LOETT
B I ETERIIZFHU L 7R RIS A BT ADOEEIND . ZDET /UKL, HE
BIOEBAREANERELTHEA TS, ZOEFLEHNTO Y X AT EERICIVYEH T
ADREEAT, RTRET VO FTREMEEFREIZ DWW TEZEL T 5.

3 T A RMABICEIT AR T — X EFE TIEICH SO NOX JEH FlET L

B 3 WO, EmMOBIET — 42 AWbZ e, ME B L ONE AR A5 =
F—2 &AW S NOX JEH T T VOfEEE1TY. 7 —B VA HEAR BRI, Ttk
BROEHEN— M B AT R ETERCTOTRNEE R L2 B LT, BEBEE N TR E
CRIFTRBICONT, FEBREFHHEDOE ST NHHEL TV 5.

XUDIZ, TRIET VO ANEREZRET DO, Hlj#h 7 W THERL TS, =
DANGREAE ST T VLT D0, B, I R L ONE B AR A s A S SR E LT
Z0 LT, IERE 2 AR IR OIS A1IE, HEH T AHIEIC X0 & R R L0
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EGR 2K EHZENMTONDT0, TN ARILT DNNEE " RIEAIBINTHZET NOX B'—
METOTRREEZ ) LS THD.

EH X CTOFHREELZM L2 HMIC, MU Ay a B A BRI AT L TET L
WAL, mEERO AR & A TORIINE, &R0 L ONEEETT O NOX B —2fED
TG 1) LRI OV TELRL NS,

5 4 7 NOX W Rfilii 2 25 LT 70— BV A B 81 D AT T NOX HEH P IlET /L

£ 3 T TIE, NOX IRt A-F77- 9" EGR D A4 FIL T NOX HE &K %57 +— B /L F H
HAZ, ZOE TP TOBRBEICIVAER T2 NOX ZXRELT, THRIET L EREL,
T EAT COMGEEAT T2 b D, AT T, RETITETHELZ THIFIEO—iMEE
RAET 2728, =2 VAR B2 DRIOT 4 — BT HEEZ AV TET VOREE R NZ DK
AEAEAToTz. FEo, YHEHEMIZIBWO IR AR DO T-0D1Z NOX Wit 2 #5Hk L T o, AR
WHFZEI2 81D NOX HEH T T /L3, BIER L OUFR O NOX HEH HE I 3U TR A4
FFL I, ZOXOZRBEmICIWThIEH A RERb D THLME N DD, ZZTARED 2O H
DOFEELELT, F72lc NOx Wi it 2 Nk L7z &7 LV OFREAITV, A TRITFIEDZ Y%
FITOWTHAEL TV,

ZNEATICHTZY, IO KISIZ BT 5 ERICKREFRBIND 0, MEOREMR X
OV D =2 AR LA OV L PEREZ TS A2 LT R EECThD. Fiz, NOx Wi e
fl T, AT IR L TV NOX B KDL R AL T D1FD NOX Wi+ 57 =—X
EWE LT NOX 238 IE 957 = — AL D ZEND, [Al—DEITEIT-> Th iR AEIX[A
CiZ725Z 8137, HlHEEZHW3EETLRICPRIFEZEAL TR EZ I C&n. £
ZT, MEICET ML HIEE B, NOX WRHGE TTARBEASIT I OMEREZ MERFL QW AHIFH T
X U F AT A AWCRRGERBRE— R IC BT ol bR A L, 20 L CHEEITRISE
O NOX HEHIHA G % 8 — 95 IR AR L. NOX W s fil i) X0 S 7= NOX & 38 2357250
— R ERB IR T R R EAED (Vo T A7) IR T CnD. Uy T A7 DH
LT NOX HEH PN M BRI - ChoTotoh, Yva=7T e —2HWCGHIIL, FHIET
INOEFELTEML TS, Fe, iE EFICE2WEE NOX DPEHESNDB G036V, fil
DR % T A7 O IR AT 7 Wi 352 8 TR E 23 A ELT-.

555 & BREEIK 125D NOX HE ke
T4 — BNV RMEZ BRI, @B B ETIZI T Dk~ 7B B4 T NOX HEHI R E AT A L
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TEOEN (FREOBSITHET D) HEL DN —ab BB, [F—Tr VU 2§ 5 dm
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2.2 HEEBBEZIELLZTHLETNVORELE

PEHAAD T 22— ar BTO120I20E, T Pr Oiflngtr 52 LSO P T ABEDIE
fe7e~ 71, BITRO T VA D DA B IRV ORHEE O EfE/2E T AL LB
THD. TIT, AETITBREET—FOAMEZE LRI TER = Vr~y 72 lEGL, 5N
TR AP REZ WD ZE T DU BT N EET D, BT O DU RIEERAHEE TS
728D\, FRBREE O B B2 H % (Automatic Transmission: AT) Cf it CW A A Ml H &2 €T /L
b5, £, EATHOTU VU AREHETE T D121, XA Y OEINVIRFIE BRIk TiEEhE
NETMET 5.

P 2% TF 57280, 22l —rar7msJ 5 (GT Suite, IDAY) & W CHEE H il fez
(RE LT IR Ee & NOX HEH TIE 7 VAL LT, 2.1 ET VO ERKZ /R RET/VILH
IRHR IS LOE B AR D LB R B S 2B L, oAy val BT WpbT VAl
BAFRNCHETL. 20%, EEFTREIT TERLIE= Uy =y 7 Db ETTREOHEH T A
ZRHETDHET L THD.

TV, FERIOEONTRENEE ~ > 7 (= DU Elis, BMEP, REHHE &), =0
VIV var~y T (v nlifisg, BMEP, FMEP(Friction mean Efficient Pressure)) < >7°L—
IvvarvyF (NOX) T VBT VELTH X, NIV AIyvald, v A& 0
TeFEBRAF O AT OB H~> 7 (FE, 1), FTH) 25272, 7 MIIETTRERIC
THROLNIEEAV T 22 R UR B x5 7.

Chassis

Fig.2.1 Simulation model of exhaust gas for transient driving
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2.2.1 = UFFIV

(1) AT

AWFFED TRET MBI LT P Ot aR 2.1 [T Fe, FHII AT A0 RIX
2217 ERTIIT A —EBAEHED 4ARF T — B P20z, =P 3iR
BB R R EX T 1 E2RD T Ay ar @ 4TS L, REHR EF (NEF
%R, FP2240H) ([ X0RBEW B B2 FHAIL 7. =2 ORI ##E ] ECU 2L, HEENL
DNCIRBINTT 7NV ERIELCTRY, &7 —2&iHILT. P ENEHERD DI, =2
YD 4 FBRECROAT O TWDRENE LY — (Kistler) DI 5% F ¥ — 7 7 (Kistler,
Type 5011) Z8LC, 7T 7M1 EZ EDJEINE A IERLTZ. ZDEEDOEMIZIZn—4)—x
va—&— (7 e, 360Pulse) IZLVEHIED 2T 7L, Top Dead Center (TDC) {5 75215 ]
L7z, BEH A AR OFHANZBIL TI, HEHE T 2553475 (HORIBA, MEXA 1600) [ZKDFHAIL7-.

Table 2.1 Specifications of test engine

Engine Type In line 4 cylinder
Bore x Stroke D86 x 94.2 mm
Displacement 2188 cc
Compression ratio 14
Maximum Power 129 kW /4500 rpm
Maximum torque 420 Nm /2000 rpm
Turbocharger Serial Sequential 2-Stage
EGR System w Cooled EGR
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Fig.2.2 Schametic of engine bench

(2) =V thRERER S

7% 2.2 \ZHEBR LM AR T, o DU RIEREUL T ARV AR S CTdh D 800rpm /> 3000rpm E Tt
W7z, o VU RIS A& o VU ARG DR T BICHERL, =Yo7 7V
JEATEET DL TR AMEFIILZ. K 2.3@)I0, A—H—ICLVARSNTOEATL YU DR
N I—TNZ, FHAIUIER S 27 ry R LI O &R T, R r v OflE alREFEI DY D, K,
BRI A 71N — L CWDZEDMfERR CT&D . ARMFZEITHE FH LT A A /AR EE TR E DO I HIRE /712
HIBRR o7 loth, o P ARTDN 44kW £ TEFGA ATRE Ch o7, ik §% JC08 E—RTD
BRRFE S DR KMEA 30KW ZHX 22, Fohic~vy 7 EHNWT= P87 /WAL,
JC08 E—RFHNIT A HEL 2%, [ 2.3(b) L ()N Vv EBRNLELNT- AT~y 7 BL T NOX

e~y 7 %R, =T VCEAH L.
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Table 2.2 Experimental conditions of engine

Engine speed 800 ~ 3000 rpm
Power / Torque 0~44 kW/0~ 262 Nm
Water temperature 80C
Oil temperature 90C
Atmospheric pressure 100.9 kPa
Temperature 20C
Humidity 40%

Torque [Nm]

450 T T T T T T T
1 =  Measure point
400 Max torque B
350 -
300 -
250 -
200 -
150 = n I~
| = =
100 .. . -
J n - ™ u [ ]
| |
50 I . " " - u [
- u [ ] [ ]
| | = u u | | | | | |
0 — T T I I I T I
500 1000 1500 2000 2500 3000

Engine speed [RPM]

(a) Measured points of engine performance test
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(b) Performance map of fuel consumption
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(c) Performance map of NOx emission

Fig.2.3 Results of engine performance tests
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ST, BENZ T CRHIILT. 2oL ROIETTOBIEAREE 1L, RilElOYETT O F 4 (I
RGO DS TR HA TR DM L Uz, JOs R OB E T, 118K 3 (3] & OME K 3 [mIF TV,
F O A AT, AR EITE R EOEITRIENL, Zh TR KIEE o/ IMED A 1.1
PAFELZ.

(2) ETIEIIOR M ITIE
K QDITKY, FAREEE BT D EITIRIE KD 5.
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ITHEILLT D, Fe, a B ZERIEGUREL LT,

FO = ao + b0V2 K(Z?))
ap = (a—bv2)[1 + 0.00864(Te — 293)]

Te
by = 0.346b 7

Fo : HEEAETTHST N

v BRI AT 2 BOR R oy ORI km/h

a0 EMERIEICBITDZAMRDIRPUCH Y 3 5fE N

bo :ARHERAEIZIS T D48 KARHUREIZF Y 3206 N/(km/h)?
Te RBRESICBIDFHIAIE K
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Table 2.3 Experimental conditions of coasting test

Car Mazda CX-5 2.2 Diesel
Empty vehicle weight 1560 kg
Total vehicle weight 1953 kg
Transmission 6 AT
Aftertreatment system DOC, DPF
NOX reduction technology EGR
Emission regulation Japanese 2009
Temperature (start) 23.8°C—(end) 25.8°C (Average) 24.8°C
Atmospheric pressure (Start) 100.6 kPa—(end) 100.5 (Average) 100.6 kPa
kPa
Wind velocity (start) West-northwest —(end) Northwest
longitudinal velocity 3.5 m/s

/\
(BR)= 2 HESBUFPIO

/' Grocerys
=5 AR 2E (PR iR &

BYL&R 7 )U+ A D ®

Fig.2.4 Route of coast down experiment
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(4) ETHRBLOSR 5 F

YEAIT BRI Lo TIRBIVIBI TR O 7 — 2 & AW CEITIRTA L I LT, 1R EE R4 3 [
DOFELTRER 2 L TR, FHEEHE TOEITIRNIZ R 2.4 \ORT. FETEHEEDOFYE
TR, BRSNS D 2 3, fitliha £ TIRPTELC, 7 mybl, i/ ZRECEATEIL-. #H
FED 2 Fe L EATIRPIOBITIZIRVFABI A R C& Tz, X 2.5 ICEALEEUT W2 T 7%, & 25
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Table 2.4 Average travel resistance

Vehicle
Speed[km/h]

10 20 30

40

50

60 70 80 90 100

Force [N]
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361 | 429 | 499 | 579 | 674

800
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500

Y=0.0519x + 164.71

R2=0.9962

400

300

Road resistance [N]

200

100

2000

4000
Square of vehicle speed [(km/h)?]

6000 8000 10000

Fig.2.5 Road resistance vs square of vehicle speed
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Table 2.5 Measured road-load resistance coefficient

a b

164.71 0.0519

EATRBTHE PO RIRIT 24.8°C, SFHIREUEIL 1005.50Pa, A (X PEALPE LA PE T
HE OHELT 7 AN AT 72 BUE D 53 1% 3.5mis Th-o7z. & 2.6 12, Kl 20°C, K&JE 101.3kPa

OEEAE RS E B O EITIEPIOME R T . 22 TH72 a0 BEW bo 23+ VBT LBLIO
A AT ERBRICEBIT D B ETHEIIE L THO.

Table 2.6 Corrected travel resistance coefficient

do bo

171.16 0.0532

2.2.3 FIVARIyvarET IV

N Ay a BT WVICEM T 0B RBEA F T 2720, vy X A2V CEIEE S —
ET 7 VBHEAHERFT 25 - IR B Z L, O E B IO P B ORERE X
2.6 (2759, On Board Diagnostic (OBD) {5 %5 C/RsiLh 7T 7BV BHEZ— EIZHERFL, v & A
FTEDOAMREITATE TR BT ZE H Lz, F72HIE, L TG Ttzry
VEHEE EAL, EALBHIADZE TR T35, EOMKIEE LR R CHIE L.
BB L OBREN IS o A 2.7 1ORL, BB SE AL TELO - REM 2.8 TR
T T RVBE 15%ETIEHLF 7 BRI EN R E T — @R EAMERF LIz, IRDSEAT:
THREBRICBAT U, F7o, 38 INEERBR Tl 7 7 vV & — BB A TR EEN D Z DN EZ — E
\ZHERF LT, 2728, 77 B/VBHEE DX Z 3 )% CIEEUG CE e o 7o, IR R A

I U, BEH T ATRE T LTI 2.8 CROIVRIE S A E IR Lz )
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EL, X7 HITARSN WA E G tE WA ZE T VU R RS AR 70D,

PLEXOSONTRERDD, NIV AIy v a BT NV ERREL, T —FOLHEZ THRILT-.
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Fig.2.6 Result of acceleration experiment using chassis dynamometer
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Fig.2.7 Result of acceleration experiment at different accelerator position
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Fig.2.8 Result of transmission map with velocity and traction power

2. 3 BEHEBEREZFEL-THEET /VORKIERE R

2.3. 1 v FATERBRER

TR VEATERRTIIZB L EERENIETT O 4 fwEHBEH v 7 AT (RS HAE
8 & Ve, BB OB A — L _R— RS DRI B I e — T2 BB S, Bk o diifdt
W —F N DI Bl AR & L. B GERER PR B LR WIDITRIRR ICENZE L 2 AT
OF == THIRLUIZ. ZORR, IE0EIZ L5 H [ O ff BB EI 2 A SERNTZDIZTF = — 13
KA HREA T2, BRI P DB EIDTDIT, a—F 5 U7z Bl U 7= 4 B R B
AT ISR E LI 7 CikoTo. FER, EisE 3381558 (Local display panel) (2 7rah D
HAE B, ERROHEE~E RN OIEiRA T o7,

W —RIZIER A EOBHNAE SN D ETE—RTHDHIC08E—RAMAHL, HiljDIAE
EHEH A RGN E R EA IR 7 )7 25 (Constant Volume Sampling: CVS) 23 iV b7z,
CVS {ETIIAETOIHAALIEE IDEE, AR O R —ELRDIDNTHNER LGN, I’
BT 5. MRITHNWZERE, FRSNHERE T AT ENE N Ay T TV TS, AR
EZIHTL, o7 U7 I CVS it IR O AR 2 VT, BEE T A &2 R T
%. BERRER B OFHANZIE CVS ICR > TRIIRSNIZHE T A 0D CO2 IR EEA I HTL, AL 7 Ay
D COL IR EED MO AR 2RO THE N AR ENDE B AT CO hL—HEZ V.

R AT AT RET VOIS EEREET 572018, vy F AT 2 AW CEBRE O
—REITRE L. £F, BRI S ITATON TWAZEE MR T 7D A= —I2 8o
TRRENARSNTND JC08 E—REFERL LI LTz, ZORRER 2.7 (TURT. ERTHIR
Fn LB, ARMIVEALL TS, ZIUIA— T —DARTHRECHN T AT S HE L
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FREDHFEE 2 457D E & 110kg 21BN 7= E & 1680kg M HAFLfE R ThHZLlTxL, AuF
ZETIEFE 2L IR LIZEOIZ PEMS 24 {E 70 & 2l B 7K BB oD SE o B & 1953kg A3 v & AT F
DAFHNIRELT LI Lo TREDENFELT-LDOLE 2 LD, SR AIZEB T, IEfER
AT FERDFRRSNT, KA EIHHI 2R L TODZENRENTED, vy ¥ 1) E
FERTHOHBINORE RGN T2, 2L P T ARERIZLE 2 HND. Fo, EITHE
(EWNC I DM 2T 95720, X 2.9@)I2R" 3 &512 1050 FPLARTZ N ETTIXEIEL, 1050
LA il AT X M SRR 8975, B AR HH IS AT/ IRV IBRE T D L ISEER AT 72720,
29T T IONZ, A7 % B CHIERENDORRAITTFAR ALV H 01NN D Th
Sfc. MO EFTH FEOMEM DI, ZYURERIMTZ TNDI AR TETz.

Table 2.7Comparison to published and measured data in JCO8 mode

Fuel consumption co CO; NMHC NOXx
[km/L] [g/km] [g/km] [g/km] [g/km]
Published 18.4 0.63 - 0.024 0.080
Measured 16.7 0.08 156.8 0.038 0.061
100 City region Highway region
l__,

= |
ATANUEARD

Time [s]
(a) JCO8 driving mode

Velocity [km/h]
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Fig.2.9 Result of JC08 driving mode using chassis dynamometer

2. 3.2 E—FETOERL I —al DB

U B AT BRI R OHEE MR A RE L TRIET /M EDEHR L7 5 132 IC08
F—NEATHORE, =R, BREN ), WEREHE IS IO NOX HEtH Eati 2o
FEEREE R A L LT-. JC08 B—RIFL v Z AT L CTEITT D0, ERABILHFIC 0

RELT.

2.10(a) CHEEN /) DFF B A KRR E G RE TES—BL QDI EN LR AN A5
HETIVINE L THHIEINRENT-. K 2.10(0) ThT P [BIERE D FH AR AN T2 BRI & 5L
TIHEHLQOBZEND, FHILEE AT O~y 7 BN THDHZ MR TET.

211 L3R 2.8 ITIREHE B BEORS AT, M E 2 X R ESREEL THWT, (@) a =-0.3
DWW X, (b) -0.3<a<0.3DEHXM, (€) 0.3 = aDIEHEXE], (d) v<0.5km/h DT AKX
1D 4 WD X ZFRE LTz, BRBHE R RO FH R L AME I U727 A RV K3V C I
EEVBES AL O TWDIEN LA D, ZhUE, EHEjET P~y T DIV TOT AR
JVIRREIZENHDHZEEE ZHND. X 2.11(b)D 320 B3O8 500 FHAHTIC BT HRE o=
DT —F R EIE S 2 LD DIREL D NI AL, —IRERITIRENE B 3 0 LD, 2D,
TV IRT ARARBELTR, B LT T P 2l i R R B S BN 2 < A B 2 e T
DRy T INIFONTCT — A EFEPFE L EEZBND. 2T, BUR TORRAEEIE ) 42.6%
72D, TARNVTOREAERIG ) 42.5%E 7257, [X] 2.13@)I2 T LI, TARARH M 73%
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Fig.2.10 Comparison of traction power and engine speed between experiments and simulation under
JC08 driving mode

WX OBREHE B RIS W CRIFEANERR ALY 14%FE R 20101, mdiE
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Fig.2.11 Comparison of fuel rate between experiments and simulation under JC08 driving mode

Table 2.8 Comparison of fuel amount at different acceleration state

Experiment [g] Simulation [g] Exp—Sim[g] | Proportion [%]
Deceleration 30.3 12.9 17.4 42.6
Idle 46.3 29.0 17.3 42.5
Steady 169.8 166.9 2.9 7.1
Acceleration 175.8 172.6 3.2 7.8
Total 422.2 381.4 40.8 100
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Fig.2.12 Comparison of JC08 driving cycle between experiments and simulation
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Fig.2.13 Comparison of JCO8 driving cycle between experiments and simulation

LILEXY, MO EEZ AN ERET DI AT ATRET VAL, =V, M AIyia
YBIOVYET MO TRIEE — N THRE T 22 TRIL 7. BB 83 E m <P IlT
T3, NOX HEH B REE X MW TR ENE(L LTz, 207280, WX ZRE R FHIT
EOHEEBERTDMEDRDD.

2.4 E£t®

RETIE, 74—/ HEA G GAHEE F MR A E LT & NOX it T 7 V24
BL, viab—rar FEEZ WL T ARHEFIEO ATREME A a7 22 L2 AL L7, i
E—RThd JC08 E—RDEREL 2L —razbigl, THIET VORBELZHAELL. 561
TR AL TICELDD.

(1) TA—BLRAELGRICTU YV, MU Ay ar BIOV Y BTF VEG e AT
HET VAL, THET VICEE B ONERAEE AT 52 TilRET—RIcET
DIREHEE &R L O NOX HEH &2 I T C& 7=, AET VAW CREE—RZTT
(372K, EREITEBR TR R B LOVER ARE AT 52 TR AT 5
TELIRTFREE/RD. 3 B TCITEBEITEREATV, HEF ML E L FHIET V&g
T2.

(2) JC08 E—RTTHMET VAl UIofE R, POEHE S & ClIl £ — R CoBRRr s L U%ATH
EHEE THICEZ, ZOZENDREHNEE Bl ERF T Vo~ A2l by I2b—a T
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HEFEZ S D 2 E N R ERFRED— D> THY, WPERHEE TR TED TR TEORTN
WELTH5.
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BIE TA—PNVRAELILBIDERT —FLH 5
FHEICESVWE NOx $EH FRIET L

3.1 XL®»IT

T — R EITICHBITDPEH T A% T2 515 LT, BT Tk 7 E iR A R E Lz
TFHET NVERNZHGAEICBOTUL, IBEXBICBWTEGR B LU —RT7IZL0FAL
7o B BHIDH NOX HEHO N [ CEIR o772, RN TR EE N E L Ui, F-584E
TR, EOONTRE F TN s Ty VU EBRUT BRI RESMMICHDHILICEY EGR
DRI N BRI D — AN B DT80, TILBIR LTz~ 7 _X—=2AD T REITHT-DITITZED
Ty T ERETAORERHY, BLE LTV R0, BIFITE IV DSk eE s 72—
BROBRBEEMFIZB W T PG E AR T 2720 0B 2 LT, F2l7 — 2% LB /e
KF280, HatRFELHOTTFHET AV EZBET L7 — Ry 7 AT T LV FERRESH
TWDOO R FEE WSRO E TIIE BT O Bl A4 X G Th b D13, £z,
FRFERDORFEIC DN TS Y X AT EEFHOTREED TONT-D AT, TR AETTORE
IERREETETRUVIRILTHD. DEVEHT RN E Y L7 il 256 1T, FERAET FTOHEEA
AT A ERES 3 O TT ST Bl TR AYICH 22 R BLIZH 2.

Z ZTAMIFE TIE NOXARJB ik A 25 R BT HE I A RN i & L7 BE 25 B, (851
DEFNARFET DT D AFREE T 2287201, 850220289 NOx HEH &4 T
T o0, ERETERICIVIIG TELT —2I0PEH T AR AR Ml 5 FiELa R E L. £
DO HFLERTERT — 2 5 E TR EE S0 T2 NOX R FIE 7 /L (DL FINOX HEH Pl
NV 1EVD) IE, NOX HEHIC R 2 5 2 ZRi A B TSR S L, BRIR DI 217528 T NOX HEH
BEOFPHZATREEL TS, FEFESIZ NOX HEH TRIE 7 /UWIZHOWT, B 7 AERRF L 135 —
MZBWTREEZ TV, AIE CTIRE LI PIEEO A1 2 ETHRETTHO NOX HEH TIlZE
PR IOV THABNNZ T 5.

3. 2 EBREBBIOEM

3.2. 1 RBREMBLUFHLEE

(1) PEMS ZHflIs 27 2,
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EEEITERIE R LT — B LB LR P OMRRITRTE LR THY, £ 2.1 &
23T REME, RANFRIPEH T ABSNE & LieT — BV R ET, 6 3 HE)ZH
BEDME S TG, 1R ALEREEE (21 XL fidifit (Diesel Oxidation Catalyst: DOC) & DPF 232575 <
TS, 72 NOX KX EGR Thb.

AL E OMEIE 2 X 3.1 1T d . ERETICH T2 T AR EITIX PEMS (Horiba,
OBS-ONE) # H\ 2. PEMS TiZ g AR5y, ECU OFIFIZ Wb LAl H# il 7 —% (OBD
RN TWEHD), BT —#BEO GPS T —#&EfG LT, FEEOHNT —XHE DO—
B 3L IRT. RBREEIIPERE D 2 RICHEISNIZT 27V ~7 7fE Tho7720, HE
KB LOE P T ARy DR EHERFZ B L C—AROEICAMSEHiEZ L. ZDOBEIC
X, BT VRIS EAE S AR T HIET, B N OB S S O ELAL O A Ik
THIELELTE. YELTEER Sy & PEMS At 7RAEZ Y 3.2 1R, FEEICKITLHT —21T Y
YV — e 0.1 B EFHAILT-.

Table 3.1 Measurement items of each equipment

Measured gas CO, COy, THC, NOx

\elocity, Engine speed, Acceleration position,
OBD by ECU Coolant temperature, Intake air flow, Intake air temperature,

Intake manifold pressure, Catalyst temperature (DOC, DPF)

Environmental condition Temperature, Humidity, Atmospheric pressure
GPS \elocity, Altitude, Latitude, Longitude
Temperature
GPS ~ Sensor \ /GPS

1 1 Portable

Emissions
Measurement
System
L]
ECU | Gas
1 le—_Sample
Line
1

Fig.3.1 Schematic of measurement system using PEMS
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Fig.3.2 Schematic of measurement system using PEMS

PEMS 22HaHAIL 72 7 A BRSO RS E A find 35728, JC08 E—REITRFODFEHI T A
REBIOPEH L, RBRENIIERESNTE EAD T 255417 (Horiba, MEXA 7100) & CVS
Z VT PEMS CRIFFHAIL Tl 372528 E LT, Zhba bl U7- ks A X 3.3 1R 7. [X 3.3
(8) IV 1L F Lo TOBIEND, PEMSIZTHHIL7Z NOX B EE 1, [87E R it e
CHERLC, mIREIZ2 DI 2 Ch TR R DB 3R TX D, Lol K 3.3(b)ITRd &
N HNLEAT RS 72D O HEH B DUV TR T O 2R R 7 oHERA T/ NS, X 3.3(a) Dk
EARE R? 0.99 EE\WIEND, PEMS 1245 NOX HEHH&HIE X, #axiiy7z NOx BEH &b 7e
IR TR R £ T S E T R T DA I, FOPRHERE AT 5 0B E A o
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(a) Correlation of NOXx concentration (b) Comparison of NOx emissions

between stationary and PEMS between CVS and PEMS

Fig.3.3 Verification of PEMS using stationary gas analyzer and CVS system
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(2) HERIREDFIA

PEMS [ZHish TV o h—A gl &aH, i & COMERE MR DOEMEZ AT 5. £h
T N—F DO, HEH AT AR RIS L CE LR A XD s a2 WD ZENS BT D73,
IR 2R S O N 2 R AESE LA LT ARV 7 AR B TR OPE T AR D /D72 WEE T
S —F — DO EOE W (SHITREDE NS ML) BRI EnD, (K& TORER
FEDBBIIARTRECH Y, K EMEIROToDIIIPE LT AR 84 70D Fikad VTR 5139
MEVFE B 2b DL, RS TIEE UL DMEEITV D2, PR T AEOHEIZHWS
PEH T A O R E I, BB B L AZE R &AW D IR A L.

PRBHR ST BRI E S TR, REHR & ORI THD. REIDO Ry Th DIk
{bAKFE T CaHp DAL FRERBLEZIL, b & a THID HIC thEEFKT 5. HIC HIXFEUT +—E /LA
EFCHO IO A— I —C Lo TRBIR D DD, RIEAEFT RIS IREHT T ) A
ZURDBEEALTZS O CIERMEZR I EII TR, U 7 A HZBRTIIY i M T
ToREV R UT2728, HIC EIXER 3 T aAT 7T — 42 %55 L LT 1.85 L ELZ. Ai(3.1)
2k, FHILT=H ARy DR FEZ WD Z LT AIF (Air-Fuel Mass Ratio) % HH T&25@. AIF O
FHE AT HO ORENRME LS TDAY, PEMS Tlik Ho0 OEZHIEL TR\, CO
& CO2H H O ZH 5 A Ve, Sl e @S CRRBEDSE U DI, CO2 BTN H20 13TE
BEL, Ho & CO MAERLSNDO. ZDBRIFAKMEAT A GO S AT ER K L7200, §HR T 35
EARERE U THEFAL T2, (H20) 2 130T 3 CRIE ST K EBK DR E THSD. PEMS DA AFHANE
I A% 191 CITMERL , EEMEL T/RVVKARREZ D T 7 U742 Wet FiEZ VY, (H20) a0
Ho0 LRSI 2 B, LR XY, THC, CO, COz /& VA2 ET AIF 25 LT

_ Mg [100 + THC — CO/2 + 3H,0/2 — (H,0), y X (3.1)
- M THC + CO + CO, 2

A
F

Mg = 28.96
Mgy = 12.01 + 1.008y

0O, + CO

/[kco,) 1
y =185
K =35

Mair : ZE5DE— /L
Ms : BREIOFE— L3
THC, CO, CO2, H,0 :HIELT-H AIEE %
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(H20)a :IELTKZEKOMRE %
y :H/C tt
K KA RSNSOI S8 78

ERETHRLIZ AIF & OBD BRI L e A ZE X 2 VD28 T, 2U(3.2) ICK R &
ZEFR L. ZED, BREHR &R AZERI EE2 N 528 T, YERIt &4 3R 52 LA T hE
7eolz.

Mpyer = Mair/ (A/F) X (3.2)
Mexn = Mair + Mpyel

Mair : 285U E /s

Mrel: BREH R glfs

Mexh : PEXITEE gfs

K (3.3) 12, HHINI-HER I EE NOX IEEAZCATHZET NOX PEHHEAR H L.

NOXngss = 0.001582 X My, X NOXcone X(32)

NOXmass :NOx HEHH & gls
NOXcone :NOX H AJRFE ppm
0.001582:NOx DE &t g/kg

3. 2.2 FEBREM

ABFFETIX, NOX HEH THRIE T NV OREEER L OV TS B A RGE T D72, FREEITFBREAT
ST, BEEOBHHKIEE TR ST 70°CEL EOBMARIE CEREIT 7. & FEKRETT
=R FEBSGMEZN TN 3.4 L3 3.2 ITRT . b—h A X TEREUOHHHET/L—)
THY, /L—hk BIEHR IC O THAL IC ETCORBETV—MCThHD. L—FA LB DFERT —
B BT AT IS LSOV D NOX HEH TIIE 7 L A2 BV EE L, e ih & e i &
B35/ —hCOERBRFERL TR A 52T, FRITT USSR TRV —NIE
FOMRAEAAT o7z, R EITIBRICEEL T, 8B BIAIZ R ST LA BRI A b CEIR AT -
7.

-45-



Table 3.2 Experiment conditions of real-driving
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Water vapor pressure [hPa] 29.3 28 27.9
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Fig.3.4 Routes of real-driving experiment
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3.3 NOx HEHFHIET NV OBEBIVELE

3. 3. 1 AEREBIZES NOx $EHHFHIET L TR E

(1) NOX HEHI T HIFE 7 /L D 5L
AWFZETIE, =P AEREAEAET NOX HEH &2 THIT 5720, FERETTERNLIGL
T EH T — 2 SHE TIRIE T VAR LT, EEGEITIZH1T D NOX HEHHIE, BRI RDE
AR THWHNE (3.4) DIH72 RPA (Relatively Positive Acceleration) & FEE AL 55 0 58 <2
B2 R THIESARBN®HH LT 2GR HHO-C. /NEOITFEEEETEREITV, NOX HEtHA
VRIS LUV B N SR GETT IR NOX PR BT 22 L2 BNNILZO. 2o
(2kv, Bt A EEAEEL, NOX JEH FIIE T /L ORI A BT E vikm/h] &N e a[m/s?]%
AW,

RPA = M.(at XN(vdx Apos)) . (3.4)
i=1
At 1 FPIZFHLWRFHZE s d ATy 7 COETHHE km
v HE km/h M IEDAEHEZ Rt 7 8
apos: IEDOAMIEEE m/s? N 7k

FRE AT EBRTHEONTNNEE I35 NOX HEHI & [g/s]0BIfR A 3.5 1TRT. ZOfRERE
0, NOX BRI 13N BE L IERIE RFEN DD Z LD R CTED. T 4 —E/VHTIE, NOXDAERK
ZPNHIF 572012 EGR &7\, BlilF iz fEvy EGR Xk Birha ERMMIZHD. LosLznd
b, Z&D EGR ZATH LK ED AN RITIDH I DR TR PM AERRDOIEINZ 272357280, ik
BORRDOT-DIRAGHEOHEE NN EL 2> TD. 72720, BRREICITIEMERH D720, BERE
AN VBRI T E X HE M BRI N9 55 6, AkbANZ@GIE NGNS E
TIC—ERMEETD, WbWH [ Z—=RT7 | PMFIET D, EGR ZATHEH—RT 7 NI %7
DANERF 72 & P BRI AN U2 BRI I W T, BRI ) 21557212 —RERYIC
EGR ZAKIRS LI3A5 (L Dl 21T5. ZOREA, BERF NOx HEHH #2321, NOX HEHI EA3 i
W BIL e WBIER A BIND. WLTC E—RO—X IR\ T, BiRER K NOx HEH &,
NG B L OVHLH A& Ll U7 fE A% 3.6 236 3.3 (T, Bl 20, Bl K 1340 20kW(
HRUMIERR) D 4 8 O X[ T H 7713 20kW FREE TR % CTH DAY, LB L ONEE O 54412

EOIFLET S, AR HHE CRRREINE EE 23 m O O ClhRlE NOX JEH B <72 oT=DIzHfL,
T U B ORI I B AR @S ToBRRE NOX B B FIR IS e o Tz, Zhudnis
FEDEEZE - TEGRHIHIN NOX PRI EAE 5.2 5B 2 5NN, = VU FHA TG TE
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Fig.3.6 Example of power and NOx emission characteristics in WLTC mode
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Table 3.3 NOx characteristics according to speed and acceleration difference under similar power

@ @ ® @
Power [kW] 20.25 22.53 20.65 20.78
Velocity [km/h] 34.53 70.33 48.11 87.33
Acceleration [m/s?] 1.078 0.4296 0.7312 0.1960
NOXx emission [g/s] 0.0044 0.0034 0.0039 0.0029

RRIETE OB R AR THLOLLTC, FHIET MR O " IA a[m/s* 1zl 2 %EL
TEMTHIEELTZ. £, NOx JEH RSN IC L > TE b3 5720, IEEERREZ () a
=-0.3 m/s2 DIFEFIRTE, (b) -0.3 m/s?<a <0.3 m/s? DEFIKEE, (¢) 0.3 m/s2= a DANHIRIED 3
WXL ECTET VERELT-.
THHEITV—F A OF —2 % FEITHESE LT NOX HEH THISE 7 /L T JIRS FE 35 L OVInIR
REIC LD BA TR LTZ. LLTIC, BEEL7-% NOX B TlE 7 L O T 154 E% T 5.

NOx emission [g/s]=A+BXv+Cxa+D X a? . (3.5)
-Simulation 1: 20 (3.5) (ZFE- DB, N e, N pE —fAsn LSe35 51k

-Simulation 2: Simulation 1 Z N E 2 LAA 7T 2 L= e hic(3.5) #3551k

NOx HEH THIZIT, ERAEITTHEOI- NOX HEH &Ik U CoEs, Amdi B 36 L OV BE —
T AL LT ARGV ZEMmL, 2 (3.5) IR TERE A 2% B~-D 2% H+52LT
HESC7-. ¢ 3.4 2 Simulation 1 & 2 D& HiETEHL A~D 257,

Table 3.4 Coefficients of prediction models for each method

(a) Simulation 1

A B C D
3.95.E-05 6.43.E-06 4.93.E-04 2.91.E-04
(b) Simulation 2
A B Cc D
Deceleration 2.22.E-04 -1.39.E-08 3.20.E-04 1.53.E-04
Steady 1.17.E-04 4.18.E-06 7.03.E-04 1.33.E-03
Acceleration -5.35.E-04 1.79.E-05 1.60.E-03 -4.98.E-04
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Fig.3.7 Comparison of measured real-driving data and predicted NOx emissions in route A

(2) [FA—/L—h AZBITD NOX HEH TIE 7 /L O R HE e

MO L — A Z AT CTHEAFLIZT — 25, Simulation 1 & 21210 NOx gk T HIIE7 /L
EREEL, Rl /L —MNIBIT D PR E 2R L. X 3.7 XI5 T RlES FERIED
el R IE RS L OYEGE CO X MIZIWT, Simulation 1 & 2 TOTFRIME AN S HiE SA%
L, BOABMARUZ. 2, BELEET VORI T — 2% Wiz, [FL—
FCIEEVEEZHERF CXTobDE N R 5.

(3) MAEA/L—h Clzs115 NOX HEHH THIET L ORRGE

EEELT- NOX HEHH FIIET VRS EA R T 5720, THRIET VEREE T D70 ETLE
= A LITRRDGEER L — R C TEBEIT EREAT 72, MEEH /L —k C Ol 1T 44
(ZF31F 2 BE NOX P HH 500 SEHIE L T RIMEOFE RO —E% X 3.8 12777, Simulation 1 & 2 &
FEREE TREDE R —BL TS, LLZedin, DB SR 2 k9% 400 F2 & 550 F3s
TN 630 P42 C Simulation 1 O PRGN EALL7Z. 24U, Simulation 1 (30003 EE D R EN
B0 NOX B INZ K BLF 572D IIMEE “SRIAZEALIZH OO, NHEIZ XD NOX HiHH D F2 %
DB TGRS B 6 CREFHLER A58 I L7272, IO KEZWGEIZE1T5 NOX JEHZK
<RAELDZ AT, IERREIZH A 43172 Simulation 2 ¢ NOx B — 270> Ik FE 3 i
T&E.
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Fig.3.8 Comparison of instantaneous NOx emission in city region of route C
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Fig.3.9 Comparison of instantaneous NOx emission in highway region of route C

for measured and predicted results
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Fig.3.10 Comparison of NOx emissions maps by different prediction methods under route C
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Fig.3.11 Comparison of measured data and predicted NOx emission in route C
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PLEED, it ET TSSO Tl NOX R TIE T L Eb B LR W PRI L 352
ENTE BT, IS Coy7- Simulation 2 THERE NOX RIS 2 SHIC #3588
RELZpoTc. LRSS L T, AR LIS CAaM AN EER EL 5 2 DRI ET 2L,
THET MAERDIZO DT — X m i EATNE EITIRNZENBIMEIX [ L7225 @i AE{TTO
FEENEALLIZZE, ZO 2O RICOWTHERLETHD. LT, AR AT il I A
BLOEHXETOFRNATRERET VEBLEL, FE R LA,

3. 3. 2 BERARITZES NOx $EHFRIET L TORE

ATEICRL TE2dIT, BE LIl AR B L OINER A V2 2L T NOX HEH €T
WVEREEELTZ. BT WS LTI — e DIRGEL, T HEITICI T 5 TG E 2R T,
L7235, Mo —E X B L O BETT TO TR E 2R T 513 E-TELT, F
PR EEYCEN LB THD. ZIVETHWZIREE, DN EE 36 JOINH B 5 721) CILE I DA}
ICR DL R TELRNIEND, FEE R EOTDI AR AR ZZ G L TRIET WIS
HU7-. AECILER AR ZZEEHEL GEINLI NOX R FRIET V2L, TR -4
D,

(1) ERARDFHA

B AEAET S T2 B3R 2 25 ER DD, EmERH ORERE WD
TEBRET D H1E, GPS 7 — 20 bARLN T AR Sa AW 1L K OE T HIEL 72 & DR
MOHKTE A TG T 55 IERERDD. KR TIZV v A ut Y —Z DD E M E L
(OXTS, RT-3100)% | FH 322 & CHmGRME 25 L7z, 1EMERE 2 E OHAEE 3.5 TR
7.

Table 3.5 Specifications of RT-3100

Velocity accuracy (km/h) 0.1

Roll/Pitch (° ) 0.05

Slip angle (° ) at 50 km/h 0.2
Update rate (Hz) 10 Hz (Max 100 Hz)
GPS sampling (Hz) 10 Hz (Max 100 Hz)
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Fig.3.12 Results of pitch angle calibrated by acceleration
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o T —#, Data 21 INEEOEENKENT —XThHD. 22T, MEEENFECH 2 Data 112
BT, FmEAH B A & BT AR UE LT, B O 2R A N £ 1 EE 2 B S
Data 2 TIXEy F L 7LD B ERMA AR ESE T 3570, BUmEAHE &E AR A 1E— B
. VERED O WA 1T L0, Ik L L EE A AR H DRI TN D, 2T,
Data 1 ZJ&(Z, Data 2 EONNEFE A6 35 B mERH4 O ZREZEAFL, K 3.12(0)IR X912
IR EE L6 o8y F A O BAZ O T 5L 85T, Data 2 1%L T 3.12(b) IR LT
B AR A A28 T, HEmEAHE 2 Ol B RS 25 HL-. X 3.12() (2, Data 2 7>
DR U E KR (X, Data 2 after modification) 2753, 200m 7>5 250m X230 T
Data 1 & Data 2 755 H U7z B 13 L L, IMBGEZ (D s e R 750 518 AR
EHEE T HTENTET. EIRABL[%)TE KR 1125 tan 6 x100 LU THLIENTES.

(2) EHAAEZRE LTz NOX HEH TIE 7 /L DR
— B S L OV EE B DA 2 —F =Y (Inter Change) 0P v 7 a7 8T BRI YA
B A DX M T, B AR ORI L G2, YR ACKRESENELDIZD
B AR EEE LI TRET VST 20ERD L. B AR ZHIIAE LB T NOX HEH T
BIXEEET D TEEZRGL. BLTFIS, BEEL7Z4 NOX HEHH THIE T LV OREE J 15% E 7%
.
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B AR iR D720, THHEHUEIT LV —N A OF =25 I TET VAREEEL,
TG B 3 L ONE R AR D BB A ERE LT, LUTIS, MEELT24% NOX HEH TIIE 7 /L DfEE )y
EEEERTD.

-Simulation 2: 385, NMEEE, EE 2 il IZEEL, IdREBIZSE 2T L CEM 9577
5 (3.1.1 D (2) THW= )

-Simulation 3: Simulation 2 (2% CEK AR A AL EL GEINT 251k

Simulation 2 (2B T, 3.1.1 HiTEON-EEIA A L4450 B~D % v 7=, Simulation 3 (233
Wi, K(B.6) M HTHZETEREA LR B~-ELZHE L. oA 36T

NOx emission [g/s] =A+BXxv+CxXa+DXa?+E X100 x tand = (3.6)
Table 3.6 Coefficients of prediction models for each simulation 1 and 2
(a) Simulation 1
A B C D
Deceleration 2.22.E-04 -1.39.E-08 3.20.E-04 1.53.E-04
Steady 1.17.E-04 4.18.E-06 7.03.E-04 1.33.E-03
Acceleration -5.35.E-04 1.79.E-05 1.60.E-03 -4.98.E-04
(b) Simulation 2
A B C D E
Deceleration 2.08.E-04 -6.52.E-08 3.10.E-04 1.54.E-04 2.13.E-05
Steady 1.14.E-04 3.69.E-06 7.29.E-04 1.39.E-03 6.93.E-05
Acceleration -5.35.E-04 1.80.E-05 1.57.E-03 -4.82.E-04 9.59.E-05

(2) [Al—/—hk AZEITDH NOX BEH THIET L OO FE ffe s

HHAE TORBELHRTHEOICHE O L —F A Z2ETLTIRELET =405,
Simulation 2 & 3 12X0 NOX HEHE PHIFET VAREEEL, [Al— /L —NMZBIT D THEE LM L.
WK AEEAN 0 12TV EHE & TH 51K 3.12(a)7 600 B35 LT 3.12(b) D 1575 FUFITIZ U VT
Simulation 2 & 3 1282 THMENSSEHME AR — B, A2 TR EZRT.
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Fig.3.13 Comparison of measured real-driving data and predicted NOx emissions in route A
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Fig.3.14 Comparison of measured real-driving data and predicted NOx emissions in city region

under route C
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Fig.3.15 Comparison of measured and predicted NOx emissions by different prediction methods

under route C

3. 3. 3 THEEHASTITES NOx HEHFHIET LV ThRE

AT CR L CEIZEANC, BB Lo at BAZE 5 GHREE, e B2, Nk B — e ds L ONE I Aid) %
VT, IR REIZEDI5E 50175 NOXHEH THIIE T VAR LT, ZDET VT T WAL
CIFRIL—NCRGEL, — XD EEE ETIZHBITH TR E D HISICE WIS R TE. L
LIRDD, @l EIT K TO TR EZUGET DT E-TEET, £OMS DO ERD T
e EAMECHD. TEHETT — 47 TR EETETO TN TERWLDEE X, 1
FEWR EDT=OIC@mHEETTT — 22 V0D TRIET WA AT REICIEEEEITT — 40
BIEFLLTZ NOX HEH P HIFE T L O TS EE 1) B2t A5,

(1) AT K A 517 % NOX HEH T 7 L o4

BOEITREO TS E 2 E T D720, HATHETET LV EEmBETET W TRl
TIVEREEE LUT=. BOFE O FH (B 21F 60 km/h~70 km/h) 25512 T L &253F ThEOs, 18
FRERBEO B2 BT K2 DR LR D Bl XA LT D REME D DA T8, T HLAETT &Rl
EATICH L TS, IHIT, AR O ) U E TN 3D 400, s I H ARk & Tk
W BB I TS E #5720, b Ay ar O E B NOX PEH TIX%
WS HFEERF LIz, 2, RICHEEINERE L2 D 5%F TN Ay va OSBRI R
DDA N R DT, NOX HEHRFEICZEN A UL E T 52 RH-72hDT
&5, LTI, BEELTZ4 NOX HEH TIE T VO S IEEZ ERTH.

-B58 -



-Simulation 3:3FE, MRS, MEE — RIS I OVEK AR Z R AZEEL, INEREIZS &0
T F 45515 (3.3.2 Hid (2) THW-J71%)
-Simulation 4: Simulation 3 %288 Be f: (285 A0 LGl FH 972 5 1%

Simulation 3 {28\ Ci, HE XTI 3.3.2 HilCB W CTERL- EETH A L1535 B~E % H
VY, X T 3.3.2 HiD FiENG/L—b B TOET VAAESE LT, Simulation 4 123\ T

ERBHR IS B T CET VAR L. TEHEIT CIX 4 BRETERELIZD, 1~4 BEETO
BT IUEEELTRY, BT T 1~6 Brd PRI T VAR 7. 3 3.7 L 3.8 | Simulation 3 &
4 DFFIECTHM LI A~E 2.

Table 3.7 Coefficients of prediction models for simulation 3

(@) City model

A B o D E
Deceleration 2.04.E-04 -3.32.E-06 1.64.E-04 9.69.E-05 -4.24.E-06
Steady 1.44.E-04 3.36.E-06 3.52.E-04 1.36.E-03 2.16.E-05
Acceleration -6.36.E-05 4.36.E-05 3.41.E-04 -8.83.E-06 5.54.E-05

(b) Highway model

A B Cc D E
Deceleration 4.29.E-04 6.02.E-06 1.57.E-03 7.42.E-04 -9.85.E-05
Steady -1.56.E-03 2.95.E-05 4.16.E-03 1.14.E-02 -3.53.E-04
Acceleration -2.38.E-02 3.23.E-04 5.72.E-03 2.22.E-02 -1.13.E-03
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(a) City model

Table 3.8 Coefficients of prediction models for simulation 4

A B C D E

Deceleration 2.04.E-04 -3.32.E-06 1.64.E-04 9.69.E-05 -4.24.E-06
1st Steady 1.44.E-04 3.36.E-06 3.52.E-04 1.36.E-03 2.16.E-05
Acceleration -6.36.E-05 4.36.E-05 3.41.E-04 -8.83.E-06 5.54.E-05
Deceleration 1.92.E-04 -3.68.E-06 9.04.E-05 5.18.E-05 1.05.E-05
2nd Steady 1.72.E-04 1.33.E-06 8.12.E-04 1.70.E-03 -1.28.E-05
Acceleration -2.10.E-04 2.08.E-05 6.17.E-04 1.05.E-04 7.53.E-05
Deceleration 4.72.E-05 -8.14.E-08 6.10.E-05 2.87.E-05 1.17.E-05
3rd Steady 2.22.E-04 1.69.E-06 4.73.E-04 4.61.E-05 3.19.E-05
Acceleration -6.26.E-04 2.67.E-05 4.26.E-04 7.84.E-04 8.62.E-05
Deceleration -7.58.E-04 1.95.E-05 1.21.E-04 1.12.E-04 3.55.E-05
4th Steady -2.25.E-04 1.03.E-05 7.63.E-04 1.75.E-03 7.43.E-05
Acceleration -1.86.E-03 3.03.E-05 4.26.E-03 -2.58.E-03 1.20.E-04

(b) Highway model

A B C D E

Deceleration -2.02.E-04 2.66.E-05 5.01.E-05 -5.86.E-05 -1.83.E-04
1st Steady 3.22.E-04 -3.76.E-07 -8.10.E-05 -4.40.E-05 5.03.E-05
Acceleration -2.87.E-04 3.92.E-05 2.82.E-04 -9.19.E-05 -1.55.E-04
Deceleration 4.24.E-03 -7.35.E-06 4.96.E-03 1.50.E-03 -7.18.E-05
2nd Steady 0.00.E+00 0.00.E+00 0.00.E+00 0.00.E+00 0.00.E+00
Acceleration -2.05.E-03 8.22.E-05 3.62.E-04 1.10.E-03 -9.69.E-05
Deceleration 4.34.E-04 -9.93.E-06 1.45.E-04 1.61.E-05 -2.34.E-05
3rd Steady -2.59.E-05 -4.95.E-07 7.32.E-04 2.02.E-03 -2.05.E-04
Acceleration -1.65.E-03 -9.82.E-07 9.20.E-03 -9.68.E-03 -2.54.E-04
Deceleration 6.98.E-03 -7.85.E-05 8.51.E-03 3.60.E-03 -8.85.E-06
4th Steady 5.27.E-03 -9.83.E-05 1.65.E-03 9.94.E-03 6.57.E-05
Acceleration -4.04.E-02 8.20.E-04 -1.69.E-02 4.33.E-02 -2.34.E-03
Deceleration 1.92.E-03 -1.89.E-05 1.16.E-03 6.09.E-05 -8.84.E-05
5th Steady -4.72.E-05 9.95.E-06 3.29.E-03 4.85.E-03 -2.55.E-04
Acceleration -1.10.E-02 1.55.E-04 4.11.E-03 1.93.E-02 -8.13.E-04
Deceleration -3.12.E-03 5.20.E-05 2.31.E-03 2.75.E-03 -7.74.E-05
6t Steady -3.94.E-04 1.42.E-05 3.97.E-03 9.20.E-03 -4.20.E-04
Acceleration -2.96.E-03 4.17.E-05 2.85.E-04 2.97.E-02 -1.10.E-03
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Fig.3.17 Comparison of gear position between experiment and simulation
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Fig.3.18 Comparison of measured and predicted NOx emissions in route B at highway entrance
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Fig.3.19 Comparison of measured and predicted NOx emissions in route B at highway region
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Fig.3.23 Comparison of NOx emissions maps by different prediction methods under route C
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FEEEEITIZB T DEEHN T A% TR 5 5EELC, AR CIE BTG C& D Hd ks JONE

HPLT —EDT U VRO A E i/ NRET D NOX HEHH &4 PRI 2 FiEARE L. 22
REE, DR, MO "B L ONE R AR AHIAAEEREL T, MU AIyvar DR HE

a7 U CEM 52 TREMIZR FRIET L AREEEL, NOX (R 2255 L QT
A—BARMHEE NN TEET LTOZOFHET N O RFELTZ. —J7, NOx (K7l
IEAAEE L COD M OGEITIE, = P AZRBITDBRBEIC IV AR T2 NOX O—HidDW TR
DS, A X0 ESIDTZ 0, MO LIERER IR LI BT VS EEE 722, fill DL
PEREOFREEELL T, Ao TEZ NOX IZxF L THITI T NOX BENTZ T DEIG ThHhH)E <31k
FhEANDZEN R THD. 772U LT, Mo &4 B%EOR Y, RE, KiEfd, Nz
DI ADZEMHEE (SV) 72 EDZL DEF DA T HT280, BIZT DU HATO
NOX AERIC—HDELREFT UL~V O TFHITIE, ZEHEEZHR TERV. ZO0X572H T,
TV ETO NOX HEHEZHEL 2D NOX it T T VAR 5L TT— (7 H O
TO NOX HEHI&EZ TR T AR ED HAILTND. ERBDOD—D>HELT, NOX Lo i
AB =R LR AL ADS 1D3D Y2l —var FEE AW LA TRl T L O
HFoND. 2 LZOFT VERWIHET 51T, MO E BN R5E0D,
NHDIERBARINDG T —ATHEETHY, BRI TIDLRONIZAZFRNTZOET LT
TN DD HE R AR H LI R ATRETHD. O HDEFNELT AIF, HARE LT &R EHE
LA DOBRIEEHH 7 — 2 AL A G T2 L —F T VO ODIF N TS, LA D, 1 &

TIHARTZINCINHET NV EMEEL IO TRITH8E, 2R VU FHIIT — 2B EERD.
Losb, Bl 2 XA A XS J LRI L 52 DR — D COE RIS A IZIXETT v
WRIIVNE LD T — 25T X TRV EIRWEREEMR DTN, —EoHoET v
OFFFENRTER. ZOLHIZ, NOX A EEA 25 L CWDI5E, EIKEITRO NOX HEHi &%
fEE DB RANZ TR T H72DI21E, ZLOREENR L0, ZNTZFIZIOE GBI >— D
HLET IMZESSTRFIENREEND.

NOX (KIS T AR FEL TS, ERbOLL T, TABHHEERICASSDE
&R EAAEGOET NOX 2B LI NEITLTD NSC &, RFEKDOAETLT E=T71285
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NOX DEIPUR TTEUGE VD IR F2 I8 PUE Sl (Urea SCR: Selective Catalyst Reduction) ¢
ONT A= BARMAUTHEASN TND. AWFZETIE, 2055 NSC 22L&l L7 o dk 7 2 #1
NS LTz Bl 2R, = PG RE 302872 LIS, S BIDR)ZRAIIC NOX HEH
BEPHILZ. 3 BOPRFEEFAWTHEERT, >0z U0 10 TO NOX JEHEE TS
TLEAT 5. RETHWZHET O VARG HIEHS 3 ETHWEbDLITRRDTLEND,
3 EIZTHELIET VO—EMEERGET 52 L1272%. NSC OEHEIRIZOWTIE, Al MEE,
A&, ERBIOZOHIE GIEICL>TE T 2720, =P A TOHE TRICE T L7
NOXx Tl FEZZ O EFw AL Th, Az @R LT-th DT — L 3L 7251 DB NOX HEH &
EPTHZEIREECHD. Z2T, A AT EEBREERAIE AT 52T, —RA0ICTE T AT
REZR FIEA IR R L. MESNZNOX THIBEHET M OWT, B 7 AERRFEIERI L —MTE
NWTTo PV BIOT — A7 TO NOX FEHEDRRFEEZT TV, NSC Bl IZIH\W R 5527k
17D NOX HEH T EEZR R IOV TSI T 5.

4. 2 RBPEERIURME

4. 2.1 RBREMBIUFHLEE

(1) FHAI AT

FEREITERE AL ENBLIOT Do OEER 41 ([ORT. KWL, RANTE
HPEHAT ABHRNCE A LT — B AR T, PR 2L OBt & T r—E oo
SR, 83 H B A ME S CD . B E 21T B IANS DOC, DPF & NSC
INHAE S TVD. BREEICED NOX AR A R 5728, NSC (212 T EGR 2MEH STV
5.

T =57 A COPE T AR E AT E LR T, 3.2. 18I T L7Z PEMS 24 L,
FHIEE 2R 3.1 1R T RBREEEOMIE A 4.1 18T, X 4.1@UR T IITARBEATIZ IS0
T, a=77 NOx o4 — (NGK #) %\ T NOx IR, O, IR LR LA RIEL,
OBD /S HAS U7 IR 1 A AT LT-. Frzic o —4 BN AL E ORG24 4.1(b)iC
AT A O NOX HEHEOR T 3.2.1 iRz (3.1 25 (3.3) ZHWTH L. fil
BERTD NOX HEHH &, NOX Bo h— B EG LR EEICHE I T A A R T 02 TR L.
PEMS Z#H7RBEZ X 4.2 1R T, FIE IR T —213 7V 71—k 0.1 B CRAEAIL
7-.
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Table 4.1 Specification of vehicle

Engine Type

In-line 4 Cylinder, Diesel Engine

Intake System

Single Turbocharger

Displacement [cc]

1995

Max Power [kKW] / [rpm]

140 / 4000

Max Torque [Nm] / [rpm]

400/ 1750~2500

Compression Ratio 16.5
Empty Vehicle Mass /Total mass [kg] 1570 /1930
Transmission 8-speed AT
Aftertreatment System DOC, DPF, NSC
NOx Control strategy Cooled EGR
Emission Regulation Japanese 2009

Zirconia sensor
(NOx, 02, A/F)

PEMS sampling
(NOx, CO, COz, THC)

—) —)
Engine-out gas Tail-out gas
Engine NOx storage catalyst
(a) Schematic of exhaust gas measurement
Temperature GPS
Sensor \‘|—| |:|/
!__ ___: Portable
Data Gas bombe | Emissions
logger I Measurement
Engine NOx . ~ System
sensor E :
A1 0 |] ool]
ttt 00
——————— e 0 0
|
[ Ll lmm—————ac o O
"""""" ' 1‘ Gas
Catalyst }—— Sample
/ |_|i, Line
Exhaust line \Tailpipe
(b) Schematic of PEMS

Fig.4.1 Schematic of measurement system using PEMS
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Fig.4.2 Photo of measurement system using PEMS
2) LB AR N I R R
PEMS TRHAIL 70 AP -CHE B O RE EE AfERB 95728, JC08 & —RETTIFOHE I AR
EBIOYEH A, RBRENICRE SN EERDH 255815 (Horiba, MEXA ONE) & CVS %
AT PEMS LRIBFFHIIL CHBR T 528U, v X AT ERERICI T B AR TIREUE
2.2 3 I RUT M TIRIC I TR R L7z, (R SIE R4S 3 [T 2 FH L TR
72, BHEHECOETENIEZR 4.2 [ RT. SHEEEEO VL ETIRGZ, Mz EED 2
Fe, Ml A ETEIILL T, Zry L, R SRIETEABIEILZE RE K 4.3 (TR E1TIR
FUAE o O EIRIT 24.0°C, SEHRAUETT 100.1kPa, Rl A X [ VG2 O B CHL i O T
FINEATREGED RS 1.29mls Thho7z. & 4.3 12, il 20°C, K&UE 101.3kPa DFEHER
R[EMFHER O EITIROEZ R T 22 THIEMIERD B L U bz v A FEITRE
LR Z T 72,

E=10

Table 4.2 Average travel resistance

Vehicle
Speed[km/h]
Force [N] 190 199 214 235 263 296 336 382 434

10 20 30 40 50 60 70 80 90
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Fig.4.3 Road resistance vs square of vehicle speed

Table 4.3 Measured road-load resistance coefficient

a b
Before correction
181.06 0.02973
do bO
After correction
186.60 0.03052

T B AT RO NI B2 X 4.4 107 BARDHMICBV T, 3.2.1 80 (1)E[F
HERMEE RSN, OED, X 4.4(2)&0 PEMS (2 TEHAIL7Z NOX J2EEIL, FERoHr st
FE L U TR FEIZ 2 DI2 DN Th TR e A A A ERE T . X 4.4(0) 1R T LOICH
A AELTEREESD 720 DO P B DWW Tl [ O R RR ek HERE 213 M &<, B 4.4() DURERR
BR2% 0.99 EEmWNIEND, HaxT7e NOX HEH B/ D72\ i B B il A #E i 23HE X R ThD
B, PEMS Z W IE X Z O R ZHHRE 32+ 0 i E 2R Db DLWV R D,
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a & o 0.012
—_— : c
2 ] g |
& e 2 0.009
& 1001 Dﬁ;d{a T g .
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Z
0.003 - |
1I]ID 260 300
. 0
Stationary analyzer [ppm]
(a) Correlation of NOx concentration (b) Comparison of NOx emissions
between stationary and PEMS between CVS and PEMS

Fig.4.4 Verification of PEMS using stationary gas analyzer and CVS system

B) N ARIyvaro~wy

3.3.3 HiD (2) L[FkR7 B DDA | b LB LR DB~ T HARR LTz, vy v X AT
CHII & A TS TR I O L LBRE) 7] DRAIR A K O 7. AHE TIE OBD 15 12 H3<T
TRIVBHEED, AV EEEERUVREET 14.5%E720, T 7L ~_E )L 5T B IA TR BET
85% L7 o7, 14.5%7)5 85% E TOMZMIEL, MR HaHEL CTEEDREREZ P 451R77.
3.3.3 HiD (2) IR LI (3.6) Z W CHIBRE ) [kW]E R 9528 T, B~y 7 b2 HE
BEDHIETES.

100 1 1 1 I

e ERTi .,

(a5 56 4 6- - >
Z 80 .. B
— 1 -
[} >
g 60 - f_, Yv .“ v -
o 1 ™ ; > /,’ _
S 40 i / v ‘ P — T
:.3 | 'JI /‘ g y * - - » 1
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Fig.4.5 Transmission gear map of AT
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Experiment
— = - Simulation

Gear position [-]
R YR N T e o)
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Time [s]
(a) Case #1

Experiment
— — - Simulation

Gear position [-]
— NI CICY~]
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Time [s]
(b) Case #2

Fig.4.6 Results for gear position of experiment and simulation

FEETREOERERIZHOUWT, BECE Il ~y 7 5% W TORD 7255 B E SR O 28 3 B & b
LD 4.6 (ITRT. B~y 70D TRILT- 288 B B D28 s By Al —F L T\A 2
s, B~y TN EH B A TR CETCNDEVZ D,

4. 2.2 EBREM

AMFFETIEL NOX HEHH THIET L OREEIR LSO TR EORGEZITI720, I ET L
1T572. NSC X NOX DUl LA IEREDEA LT3 5720, FEBRFIOEITIEIEN =
—VRAZ—RTO NOX HEHH BN BE 525, B2 1E, DPF A £l mdlET 170 S AR
BEDS SV RBLIZ B o721 TIE, 778 NOX W BRI DD, IRDT— /LR AZ—RNRHZ ED %<
D NOX WS FIREE 70D, — 7, W 71X M 714 Tl FEXFRIIZETFA NOX Wik & 738
YL, WOT—/VRAZ—NREHZ NOX 2R CELH RNV 778D, ZDT, FLavTs a=y
7 ELTRIB0 AT T HZE CHMBEMEAZITV, WHEIKIREE SRS 322 8 LT 15 SR BT
EBRAEBIIA L=, 3FEOEKEIT/L—NA~CI1L3.2.2 DX 3.3 LFRL/L—KTHY, EREAEITD
FBRGRM AT 4.4\ RT . RBFSETIE, M NOX AT =X L%H4 55 NSC OFEL &
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THUNGHl TE TR 5720, 1ER L= T VO REEE R A5/ —RCIE 2 [5] (Case #1
& Case #2) 1T+ HZ LTI ENRE B AiiE A T

Table 4.4 Experiment conditions of real-driving

Route A Route B Route C (#1/#2)
Driving distance [km] 20.7 25.7 17.5/17.6
Driving time [min] 40.0 20.2 27.3/25.3
Atmospheric pressure [kPa] 101.2 101.2 101.6/102.0
Temperature ['C] 22.4 22.4 13.8/15.6
Water vapor pressure [hPa] 4.5 4.5 8.2/5.7
Average velocity [km/h] 31.6 76.6 38.6/35.7
Road gradient [%] -3~3 -3~6 -5~9

4. 3 NSC #HEHFL CWAEMIZEITS NOx HEH FHIETFT VOEEBLIUELE

4.3.1 Bhaz DoHEIcBITA P HOTo NOx HE FRIES V

(1) NOX T HIE 7 /L DR 5L

RTEIZISUN TS, NOX ARl A3 4 45 S TRVl (EGR DA ) A% 42T NOX
HETHIET VAL, L Leds, RETHWORRZ = VU ALRBLORIEE A5
HIZFBWT, 2R L7 NOX PR TRIFEZE T LIc 6 O S a2 0B H 5. A
fiTI%, NSC Z#E L THT +— BV HEA FVWT NOX HEH T FIEDO 2 4 A flss L.
ZORRT, T— N A7 H OO NOxHEHE, NSCIZLD NOX DRI LD B AT TLED
TeOT VU HEIZEITSD NOX HRHEIIREERSD. 207, BEFiEETOEREM 528
XTERWD, BT AERUITHVD NOX FHRIZ AR RTD NOX ot —IZ KHHIEME A .
ZHUCIVRTE CIRELEFEEH O TPV A TO NOxHEHEE T2 A 5.
NOx HEHH T /L Clk 3.3.3 §i0(1) T/rL7z Simulation 4 O FiEE Az, EREITTED
AUTZ R vIkm/h], NGBS a[m/s?], ANk EE D 3 a?[m?/s*], 18 & 2B 100 X tan 0 [Y%] 4 B ZE %k
ELT-. 412 BiD@) CELNT- A~y 7 & HNWH I E TER BRI A 0T LT NOX JEH &I
XA EEIR ST A LML, NOX HEH FIRIET T EH B A0 T2 570, 8 B
A AL U7 3B I QL — R A) AT T — X KO B 1 Be~6 Bxl2351F% NOX HE
HPRIAAR ML, mE OL—bh B) E1T7T — 2 K0 HE: 7 Bel 8 Bl 5175 NOX HEH 7 HI0%
FHIL7z. & 45 ICR U E 5 A L1558 B~E 27177
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Table 4.5 Coefficients of prediction model

A B C D E
Deceleration 5.62.E-04 -5.68.E-05 -7.24.E-05 -1.35.E-04 2.15.E-04
1st Steady 1.11.E-03 3.77.E-05 7.92.E-04 -3.30.E-03 6.25.E-05
Acceleration -7.54.E-05 -2.02.E-06 5.12.E-03 -1.64.E-03 1.43.E-04
Deceleration 2.86.E-03 -1.33.E-04 -1.28.E-03 -1.50.E-04 -2.74.E-05
2nd Steady 2.60.E-03 -3.18.E-05 -1.88.E-04 -5.68.E-03 1.92.E-04
Acceleration -5.24.E-04 1.81.E-04 -4.89.E-03 5.48.E-03 1.59.E-04
Deceleration 2.91.E-03 -1.05.E-04 -6.54.E-04 2.23.E-05 -1.03.E-04
3rd Steady 1.35.E-04 6.61.E-05 9.71.E-04 -8.23.E-03 9.72.E-05
Acceleration -6.74.E-03 1.74.E-04 7.62.E-03 1.12.E-03 4.69.E-04
Deceleration 9.92.E-04 -1.29.E-06 1.18.E-03 5.23.E-04 -2.19.E-05
4th Steady -2.15.E-03 1.12.E-04 1.91.E-04 2.89.E-03 8.66.E-05
Acceleration -1.37.E-02 2.67.E-04 2.23.E-02 -1.03.E-02 1.88.E-04
Deceleration -1.41.E-03 3.43.E-05 -7.42.E-04 -1.31.E-04 3.23.E-04
5th Steady 2.51.E-03 -9.47.E-06 5.79.E-03 8.51.E-03 2.05.E-04
Acceleration -3.39.E-02 3.82.E-04 7.76.E-02 -4.89.E-02 5.23.E-04
Deceleration -8.51.E-04 3.10.E-05 9.71.E-04 6.96.E-04 5.21.E-05
6t Steady 2.61.E-03 -2.39.E-05 3.59.E-03 1.79.E-02 2.43.E-04
Acceleration 1.10.E-02 -3.30.E-04 3.56.E-02 -1.95.E-02 5.65.E-04
Deceleration 8.19.E-04 4.11.E-05 1.19.E-02 1.13.E-02 -4.38.E-05
7t Steady 1.02.E-02 -1.10.E-04 9.26.E-03 -4.23.E-03 2.96.E-03
Acceleration 4.95.E-02 -5.84.E-04 -1.70.E-02 1.63.E-02 3.84.E-03
Deceleration 4.76.E-03 -7.88.E-05 -7.99.E-03 -4.28.E-03 1.83.E-03
gth Steady 9.25.E-03 -1.01.E-04 2.49.E-02 1.02.E-01 3.81.E-03
Acceleration -6.23.E-02 8.98.E-04 4.17.E-02 -5.89.E-02 2.36.E-03

O EHUIARKE AT AL T, =P H 0 TO NOX HEH EO T HIN Al REE 72
5.

(2) =T OIZEITD NOX HEH EORMEERS 5

N—h A L BDIBESNIZTHIET VAW, BEEH/L—F C OFEKETERICKITHT
D TOBRE NOX HEH B OS2I TRME O s A 4.7 17T X 4.7()d i e
EATEO)DREEETONTIUTIBNTY, FERIEE FHMEME A A L TWDIEND, T
BT T L DR NOX HEH B RRMIBE AR B CTEIZ. LsLenys, midE B AN
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Fig.4.7 Comparison of measured data and predicted NOx emissions about engine out emissions

W95 1150 FfFT (X A) D
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[EkE3)

under route C #1

HAG R XN Z WA 2 DRI I T, SAETT TS

D NOxHEHH A A HIIZH OB T, PRMEIZE LY RIFIZR ML 22 o7c. 2T 6 BT
RO F T T /UL, M%7 2T 2HEOmWTTEH]T —ZIZX0ET LSS
foic®, ZO XM TOBRREE — 7 TR I3 B O RE e oTe. ZivaR<E, EEXE O NOx
PR EZATIR T2+ 0 R E AR Ob D&V R D,

BTN 351T D B BEHE 4 720 > NOX Bt i [g/km] D F2IfE & T RIE O bk A-[%] 4.8 12
AT BREEAL—b CIZBITH=0 U H 0T NOX HEH &Ei3#1 T-7.8%&72D, #2 T 6.9%E72
ofz. BIpH T D ARERHIEAM T O TODIZH DT, JIE THLILZ 10%REE DR
FETTPRITETEY, BWKECTTRIRIREL /2 o7z,
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Fig.4.8 Comparison of measured and predicted NOx emissions about emissions per unit distance

under route C #1 and #2

PLEXY, oo ALK RN B2 5507 4 — B3 HEIZ, Rig CTRET 5 TR Tk
P ALT-GE I A TO NOx JEHEE2E &I TR AR /R o7, ZHL THLILD
fit A BT D NOX HEH B 7= I b ile 7 L 2B N9 5 28 T — LA 7D NOx#EH & Tl &
1ToZLELT-.

4. 3.2 VX UHATETOMBEET VEBEA L NOx SR FRIET L

(1) T F AT ERERAE R A V- NOX WAl &7 11k

NSC filt A 2E35 L T2 H ] OHF T AR OB A4 4.9 12~ 3. ALV 4.9 A D
TV ITTO NOX HEHH RTINS AfEE e 072, LnL7esn, NSC Ofitlth4: g ik sy, 17,
NOX Wi, 22 L (SV) 728 DL DEFR D NOX HHERIZE H5-L, TNEh 3 A EL
o TN R RITHRINEN A ZLIZ DT — A A7 H A TO NOX HEHENIES. 22T
TP A AVEREL L CHERE L2V D1, X 4.9 O B OF— /L 347 TO NOx PEH EL72
5. ZOXMTOYPEH EE TR 5720121, NSC DOET /AL EE L7225, K5 B< NOx HEH
TREATOIE, il ECERIAHOWLEHRCHFRE B LI IEH (MR DT T L
DLEEETR DD, ABFSEIEL NSC 2B - (b7 S A W M T 7 VAR EE Cldied, flifEo
BRI FIEEZ W CEEETTO TEZ BIEL WD, ERET CIIARBRRE R LU mER
BCROEB RN LN, MM E T VAT D IO b b 5855I B THIKFEL 220

&
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T IACEATODITIFF L. £ TR X AL AW E —RIZH175 NOx
HALRETERTHOFEEBER U, SRAERABR T — R Tl n5 NSC b &= A A6
FEEPWETNAFB L TWDEEZBND. ERAETT T RO HIEM T COHEIE T, fil
BERFRICHEMEREZ A TALRELZ. ZORED ETHEE T REZLLLT, FEETTITE—R
EATRE LT B2 D8R 2 Te BRI DT L0 | FRAERABRRE L 1T E 2 D HIE 2T 415 FTRENE
b, TOIHZRIUCETHNOXFEH L & TP 52823, EAETTRED NOxHEH & Tl
WFEEE Z 7. Fiz, NSC P A AR ER R LD @\ — R AE T NOX Al e+ %. W
JHSHUTZ NOX 28 NSC O TR B ZHT-5< L, NOX DIfEE SR O FE2B4< T2, LB R
WHEDY »F A/ A 7 ZATHZ L TRBEICE SV NOX 238 035, iRl Tl P o dk
SATRRS RIS S T 2R ANEFHNZ KV F AL T EATHIN, =V HATO NOx HEH
BT FEREE PRECORBIIDIRNTD, VT A3 71285 NOX HJEHEOZ{bET — 18
AT HODHFENDLEE ZHND. VT AL 7T E LR RIC B 2K 7 THY, ZDH
AV IX T ECU CHUBLIREE, W&, 727t/ VB2 SO BT IS L Tng. A
WFZED B IITIRI 12D IZ = VU AF RO 2 e/ NREL T, Uy F RS 7 OHTEICITRR B L
72 NOX B —Z e, [ 4.10 2R X512 AIF BIEEBEINGET WMV F AL I Z A
7 LRI AT LT, ZE RGBT —REETIE 0.4V (T AHERFL THRY, 20 NOx WX %
0 LEFELE. —J7, RELBREIRIEDY v F ClXal st —OBIEAML TR, 20O X[
VT ARAZEHEL, VT ALV X% 1 EER L.

Zirconia sensor PEMS sampling
(NOx, Oz, A/F) (NOx, CO, CO2, THC)
A ] 51
Engine-out gas Tail-out gas
Engine NOx storage catalyst

Fig.4.9 Path of NOx emission from engine-out to tail-out
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Fig.4.10 Path of NOx emission from engine-out to tail-out
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NSC DET MbAEITHT28D, WLTC E—RZEFTE—RELTEIRL, 60km/h T 20 43 E{TOBE
L7z Hot S CHEBRZAT o7, B ARE N O3 EEHI B &3 Tierm i 130km/h 88 %
% Extra-high I3E17H7, Low, Medium 33X O High /S—ha {78 —RELTHEALTZ. NOX &
E=1T(4.D) DI, Vva=7 ¥ — (AT & PEMS (i) 2> SH17E L7 B#iF NOx
P AILICE L.

NOXppgi — NOx¢q4i N
engine out tail out % 100 it (4-1)

NOx Conversion [%] =
Noxengine out

WLTC E—RZEITLIZRED S S—MIF1T5H NOX LA 2 4.6 12, fikliEait: D NOxHEH
BA2 G772 NOX i EMERED R B2 X 4.11 127, K 4.11(@) DV v F A A7 X BNT
NOX bR IMEL R D ZEN R CTED. — AN T AA 1%, flIZ NOs &L TS L7
B33, IBTTRS T HZETHARD NO NFEAET HEEHITIETTAIL72D HC 2L & DR TG
FEbEG. PRSI NO ERE 3 3 BOG S 5 £ THRAHI 2N A ZE L7, B#FBIIC NOX L.
FMEL A2 HEBZBND. LT23> T, 20 NOX HEHIEBRRF Y722 =0 20 1 1 O NOxHEH & 134
<PAFRZe<BEHEIND NSC R OHEHBIG LN 2 5. 2072, VT AL NOX Wk iz
LA T LT — 3 A7 NOX O FillE AT, ¥ 4.11() B LN W Ty F A A7 Tl
TRV X R TR N BT D2 M 2D, ZO K MITRGEERERAE LT RE v MX &7 5. &
EH o MRHZ T P 1O NOxBEH A IEFNARL 72 D723, AR RICEHERNEAL LT, 20
X[#D NOX HEH EIFMERNWZEPDREEA~DFEBI I/ NESNEE 2, EITHE DT FOLEITITH
7einote. & 47 1R E9IZ High Phase TiEU»F A SA 7L 51 E DY NOX Wik &[R4 7
FERPFONIC. EEETTRECIE, = VU BB AM OE B A NS, flBOR S DR
FIVIRTBICH D720, VT ARA 7T D R J0 @ RS EE ISR L9 < NOX i Job et
ENDEHRDLND. Flem L DU EENR Y T A A 78 [A15 A B AADIZ O T, HEiljod ECU 2371H
NSC @ NOx Wi St G 23 ) L9~ 5& A 5Hi, ECU T NOX ¥R L LAsn LS 70 il =
NHEBZLND. BHE TR ERIZ T2 v 2 AFEEBRTIE NOX i3 & 2@, B
HINORE R MG DIz, 3B L O AR @ B I AT DR e B 2 B5.

LLEID, 2o HAF BRSO TR OFEEEZFE L Ty F A7 RN
BICIE 97%, VT2 3A 27038 5 X [ Cld 85%0 NOx{F{b 3% F2HE A1 T#E S5 FH L 7=

-83-



— Rich spike - - - - Velocity

—— NOx engine out —-—- NOx tail out

NOx conversion efficiency

T ~ 1 v] T [ 120 r ;80
- 100 60
oo = [40
- 80
L E 20
= 0
E
2
100
(a) Low phase
— NOx engine out —-—- NOx tail out
— Rich spike - - - - Velocity NOx conversion efficiency
0.030 T =T 120 r 100
) ] : 80
= 0.025 . ~100 60
N =
~'0.020- - 80 40
5% 9 £ oo
30015— . “‘ - 60 > O
- 0.01 0 | N | ' i L40 =2
>< ]l \ Y l"' |‘I 1 r g
> 0. 005 1T n ) v k’\r\ . 20
0000 |'Il..\ — o E— | p— T »\“n T 0
600 800 900 1000
Time [s]
(b) Medium phase
—— NOx engine out —-—- NOx tail out
— Rich spike - - - - Velocity NOx conversion efficiency
a2 T —— _1' T T 120 100
80
~100 60
< 40
Y E 20
A1 "\,_ 3‘ 0
\ \‘ 5
! o)
I {-j\'\h | E

1100 1200

1300 1 400

Time [s]
(c) High phase

Fig.4.11 Results of engine out and tail out NOx emissions in WLTC mode
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Table 4.6 Ratio of NOx conversion efficiency in each phase of WLTC

During Rich spike [1] During NOXx storage [0]
Low Phase [%] 77.0 98.6
Medium Phase [%] 81.6 93.2
High Phase [%] 96.7 98.9
Total Average [%] 85.0 97.0
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Fig.4.12 Comparison of instantaneous NOXx emission in city region of route C for measured and

predicted results
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(b) Case #2 in highway region

Fig.4.13 Comparison of instantaneous NOx emission in highway region of route C for measured and

predicted results
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Fig.4.14 Comparison of measured and predicted NOx emissions at tailpipe in route C
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Fig.4.17 Examples of setting interval for definition of coefficient of conversion efficiency

(2) T AT T EITDH NOX HEHH OGRS 5

TV AT A T OBERE NOX HEH] 50> FERIE & T IR O FLigshs Rea[X] 4.18 75[%] 4.20 (2
At X 4.18 13#L OTHEHIEIT LR, Vo T 28L& T LT, 250 FOAHIT (K A) 2B
R 23 300°CA B Z 4, EMIMED NOX HEHI BN T~ NOX AV 7 M TETRY, i
FE 5L &I Simulation 11285 PRI E2E(LL7Z. —7J5, Simulation 2 TIXiEE A X[ T
D NOX AUy 73 FRITE, PEtHEDO FHRIFEEA M L7z

4.19 DEHEITIZRNT, #1 TITRE EF- Iy F2RA 70 EL TNDTED, Tode &
25X M (K A) TIHRY Y F AL 75D 1220 FAHENLET A EBEA L. VT 2 3(7
CIREE FH-DREIRFIZH AT DX TO TR B R Ae o7z, 1225 B LA DIREE FA X MITE
ITIRREE L CIMBEE A D F072<, Vo F AL 70321 UE NOX FEHHEIINAE 2 HaL72\ RIS
5. ZOX[HT Simulation 1 1282 FHEME IR/ NHGEAL 523, Simulation 2 (3 E 512
FORBE A HZET, E—ZEIIL T Ub AL IV R 220 00 NOx gk O IE 4 T
WFHZENTE, EEORTHREENUEL. #2 IZBWTHRERIZYy F AL I 0338 A LT
HBICIRE D L7975 1080 B3 (¥t A) T, Simulation 1 (212 FHIEIZE/ NS TS
23, Simulation 2 [ ZIRFE F5F-12X25 NOx B 6] 2T C & E Bk B3 A L=

-02 -



— — - Experiment Simulation 1 —— Simulation 2
- Catalyst temperature Rich spike ----- Velocity
0.0020 T T T T 375 r 70
;5 r 60
= 0.0015 1 350 g L 50 =
= g £
= . 5 la0 =
2 0.0010- La2s £ =
g VT 5 s
= AT z 5
(5] \ fel b7 -
4 \ . = | 20 =
S 0.0005 - \ L300 £
. &
d 10
0.0000 — ‘ ==} 275 Lo
250 . 300 350
Time [s]

Fig.4.18 Comparison of instantaneous NOXx emission in city region of route C for measured and

predicted results
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Fig.4.19 Comparison of instantaneous NOx emission in highway region of route C for measured and

predicted results after first rich spike
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Fig.4.20 Comparison of instantaneous NOx emission in highway region of route C for measured and

predicted results
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5.1 IXL®IT
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Fig.5.1 Schematic of measurement system using PEMS

Table 5.1 Specification of wind meter

Range Resolution
Wind velocity [m/s] 1.00~80.00 0.01
Accuracy +2.5% (@10.00 m/s)
Reproducibility +0.2%

[ L L Diikal

i

Direction

Fig.5.2 Photo of wind meter
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Fig.5.3 Routes of real-driving experiment for confirming effect of experimental conditions
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(a) Without wind meter

Table 5.2 Experiment conditions of real-driving route B

Atmospheric Temperature Humidity Water vapor Wind velocity Wind direction

Pressure [kPa] [C] [%] Pressure [hPa] [mi/s] [-]
2018/1/6 100.9 9.3 43 5 3 ¥ 7
2018/1/29 100.4 8.3 57 6.2 4.9 AL
2018/2/8 101.8 7.1 30 2.8 3.1 VR VE
2018/3/13 102 15.6 52 9.2 5.9 ¥ 7
2018/3/17 102.6 10.7 37 4.8 2.5 b3k
2018/4/11 101.3 18.8 66 14.8 11.5 Eapic]
2018/4/12 100.9 20.4 67 16.1 2.1 [if]
2018/4/13 102.5 12.5 52 7.5 2.7 HRPA B
2018/4/18 101.5 12.6 92 13.2 4.3 1t
2018/4/19 101.5 16.5 81 14.8 4.8 (2]
2018/4/25 99.8 19.6 72 22.7 144 A 7
2018/4/26 101 23.4 27 7.8 2.7 JEAbIR
2018/5/30 101.4 24.3 68 20.7 41 P B
2018/5/31 100.5 22.3 74 19.9 3.5 T 7
2018/6/1 101.1 23.3 53 15.2 7.1 B
2018/6/2 101.5 24.7 47 14.6 4.4 VAR VE
2018/6/3 101.7 21.1 72 18 2.4 P 75
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(b) With wind meter

Atmospheric Temperature Humidity Water vapor Wind velocity Wind direction

Pressure [kPa] [C] [%] Pressure [hPa] [m/s] [-]
2018/6/15 100.9 17 86 16.7 6.2 ek
2018/6/17 101.6 19.6 75 17.1 2.3 HE R
2018/6/19 100.9 26.4 54 18.6 35 ek
2018/6/26 101.2 26 80 26.9 6.9 e ¥ PG
2018/6/26 101.1 25.4 85 27.6 9.1 A PG
2018/6/27 100.5 26.1 84 28.4 8.9 e ¥ PG
2018/6/28 100.6 28.7 72 28.4 9.8 e PG
2018/7/3 100.8 26.5 77 26.7 6.8 EefEapi]
2018/7/4 100.3 27.8 77 28.8 12.6 P R 7
2018/7/17 101.1 28.8 80 31.7 4.3 P R 7
2018/7/24 100.7 28.9 87 34.7 3.2 BHPE H
2018/7/27 100.8 24 75 22.4 5.1 Bl
2018/8/6 100.7 24.6 86 26.6 5.7 Bl
2018/8/6 100.7 24.5 85 26.1 6.8 JeH
2018/8/9 100.1 27.7 84 31.2 5.8 L)
2018/8/13 101.2 28.1 81 30.8 3 [icfEayii)
2018/8/18 101.4 21.6 67 17.4 1.5 HAEHR
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(a) Without wind meter

Table 5.3 Experiment conditions of real-driving route C

Atmospheric Temperature Humidity Water vapor Wind velocity Wind direction

Pressure [kPa] [C] [%] Pressure [hPa] [mi/s] [-]
2018/1/3 101.1 8.4 17 19 10.2 Bl o]
2018/1/6 100.9 9.1 50 5.8 2.6 VR VE
2018/2/8 101.7 7 28 2.8 3 ¥ 7
2018/3/13 102 15.6 52 9.2 5.9 ¥ 7
2018/3/17 102.6 10.7 37 4.8 25 W
2018/3/27 101.6 17.6 60 12.1 5.4 P 74
2018/4/11 101.3 18.8 66 14.3 11.5 Eapic]
2018/4/12 100.9 19 75 16.5 1.7 VE R P
2018/4/18 101.4 124 92 13.2 3.6 1t
2018/4/19 101.5 16.5 81 15.2 4.8 (2]
2018/4/21 101.8 23.4 42 10.9 6.5 A 7
2018/4/26 101 22.4 27 7.3 2.2 JEAbIR
2018/5/30 101.4 24.3 68 20.7 41 P B
2018/5/31 100.5 22.3 74 19.9 3.5 T 7
2018/6/1 101.1 23.3 53 15.2 7.1 B
2018/6/2 101.6 24.4 48 147 2.8 VAR VE
2018/6/3 101.7 215 66 16.9 2.9 P 75
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(b) With wind meter

Atmospheric Temperature Humidity Water vapor Wind velocity Wind direction

Pressure [kPa] [C] [%] Pressure [hPa] [m/s] [-]
2018/6/15 100.9 17.2 87 17.1 5.8 ek
2018/6/16 101.2 17.5 73 14.6 45 AL
2018/6/17 101.6 19.6 75 17.1 2.3 HE R
2018/6/19 100.9 26.4 54 18.6 35 ek
2018/6/26 101.2 26 80 26.9 6.9 e ¥ PG
2018/6/26 101.2 25.6 82 26.9 8 e ¥ PG
2018/6/27 100.5 25.8 85 28.2 10.1 e PG
2018/6/28 100.6 28.7 72 28.4 9.8 E2Li)
2018/7/1 101.7 27.1 74 26.5 55 P R 7
2018/7/3 100.8 26.6 74 25.8 6.6 P R 7
2018/7/4 100.3 27.8 77 28.8 12.6 P R 7
2018/7/15 101.2 28.5 78 30.4 4.1 £3]
2018/7/17 101.1 29.1 80 32.2 4.8 P R 7
2018/7/24 100.7 28.9 84 34.7 3.2 H R
2018/7/27 100.8 24.1 78 23.4 4.3 JeH
2018/8/6 100.6 25.3 87 28.1 6.4 JeH
2018/8/13 101.1 27.6 85 31.4 1 [Eaic)
2018/8/18 101.4 21.6 68 17.5 2.4 B
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BRIER 12X NOx HEH et

—MRAC TR AT R IT B RO HUE AN R RY, B2 R KRGS T ThD. Fiz, i
RAIE 72 E OB FIRVUZIE T T, MBEEOZ A 7 OHH 7 8 N B 2 B0 5. AT €Ik
H A HE AN DZE TR EITREOYEH T AMERED T ZAT 7272072708, BRBE S 13483
NG O AN TEDOEAIZ LD BEE BB L7 o7, L—h B BELOL—k CIZBITHHE
FEAAT TR TROITZ NOX HEHI EOFRER A ZEORERE LA X 5.4 LK 55 17T, ZOMEIY,
FHi7e NOx HEHI &R B £/ 13 THEIRIC L > CRESEB LI 030035, PR AR
TERBRONE R IEHE R 9-57-0121F, ZhH0 NOx P EOEWOFELHfiEL, B84
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(b) With wind meter

Fig.5.4 Results of NOx emission measurements under real-driving condition at route B

-104 -



0.5 : :
<0.4- .
20.2- B
% 0.1-

January April May
1/3 4/11 5/30
(a) Without wind meter

'_'05 T T v T
E

June J uly IAugust
6/15 7/1 8/6

(b) With wind meter

Fig.5.5 Results of NOx emission measurements under real-driving condition at route C

NOx HEHIZ A 52 IR 7L LT, IRDISZRE A Zhh Lz, KL, FEFRRE, K&Ky
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BLEOBFREX 5.6 LXK 5.7 (27T, &K 1-& NOx P E O BBRITIROE O&IFW R T, FFE
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Fig.5.6 Results of NOx emission measurements under various environmental condition at route B
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Fig.5.7 Results of NOx emission measurements under various environmental condition at route C
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5.3.1 {@BEEICkD NOx HEH TR

X UE AT HEFAODRALRBIEI BT, B E N O IR 5 OV — E O #IPHIC
HEFFSIV R TS 28, BIZIEE N D JC08 E—RiBA ClI=IEIX 255 CLIENHY, i
Bk = N DR EE &I EE DS NOX HE T JAE 3 588 2 i~ TP 7823 Tho4L7=. McCormick Hid, 22°C

OMBRERIBEHERLZARBICKUT A — BN DU 2R B L, ZI0DREEZ ST T
MEFEITED NOX HEHIRFIEZ I ~T. ZORE R, IED VA TIE NOX HEHHEN B T5
— 07, WEEAMERNTG AL NOX HEH &N DM AR U7z, SH 7 RICKE ORBRIEN
TEDDMERIEZAT T2 LA, FABIMED 72720 UN M IES DG R & 72 -72@). Joumard HI
AV BIOT f—B NVl &Ly XA ETREBREIT, L NOX HEHITHIEEMR
HHTEHRLTZO.

N CIEE LAEE D3 E D D8« vh i BLHE T A E 5 1O IR - 7o B A (E AR H0h 1
FTHZETHEMTOND. R& B.DITRT. MBENOKS LR EREOE B AHE T T2
ZETIR R IEARER DS RO TS, 2 (5.2) DINTHIE L2 NOx B Bl B 4 E AR 5% i
M3 AT L CHRIEREEITHI ESIL. NOX HEHHENEDILD. LU D, ZOMEH EILHhE
TUA U HATEDHLNIT U Vo _UFRBREZBELIZb O T, FEEAEITRO FEROE IR
KBRS A WL 7= NOX HEH B3l 22 L TR KL CHb T, FEAEITRICH A ArEE7s
LOPRRET HIENEEND. T TEBEETHOELNDT —&2% Y, W ERER O H
PEIZ DWW TR L.

1 A (5.1)

KH =
1—0.0182(H — 10.71)

_ 622¢
P—e

KH 1Bl E AR
H BRI N2 5P DK 53 () L W22 R (kG S D BT
e /u/_‘@ﬂ(i \E kPa

Pa BRI KKE kPa

NOXorr = KH X NOXpeqs .(5.2)
NOXcorr *ﬁﬂfﬁé NOXx ﬁFt’j% g
NOXmeas : 1HI7EL7= NOx HEH & g
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Fig.5.8 Correlation of NOx emission using coefficient of humidity correction
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Fig.5.14 Characteristics of NOx emission to atmospheric pressure under different wind velocity
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Fig.5.16 Comparison of wind velocity between meteorological and wind meter
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Nomenclature

EGR Exhaust Gas Recirculation

PM Particulate Matter

DPF Diesel Particulate Filter

PEMS Portable Emissions Measurement System
RDE Real Driving Emissions

ECU Engine Control Unit

NEDC New European Driving Cycle
WLTC Worldwide-harmonized Light-vehicles Test Cycle
NSC NOXx Storage Catalyst

FTP Federal Test Procedure

BMEP Brake Mean Efficient Pressure
GPS Global Positioning System

AT Automatic Transmission

FMEP Friction Mean Efficient Pressure
TDC Tom Dead Center

OBD On Board Diagnostic

CVsS Constant Volume Sampling
DOC Diesel Oxidation Catalyst

AlF Air-Fuel Mass Ratio

RPA Relatively Positive Acceleration
SCR Selective Catalyst Reduction
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