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A Frontal projection area m?
A/F Air fuel ratio —
A/Fsich Stoichiometric ratio —
Acow ON/OFF Air conditioner ON/OFF —
Ap Accelerator position mm
Br Braking —
B, Fuel consumption rate a/s
Cuox NOx NOx concentration ppm
Choxcip CLD NOXx NOx concentration by CLD analyzer ppm
Chox Zicona NOx NOXx concentration by Zirconia sensor ppm
Cos O2 O, concentration %
Cozmagreti 07} O, concentration by Magnetic analyzer %
Coz zirania 02 O, concentration by Zirconia sensor %
Ecoze CO2 CO, mass emissions based on time a/s
Ecostmst CO2 CO, mass emissions based on time a/s
Ecosx CO2 CO, emissions factor g/km
Ecozymst CO2 Instantaneous CO, emission factor g/km
Ecomnrr CO2 Route CO, emission factor g/km
Ecozysr CO2 Short-trip CO, emissions factor g/km
Enoxe NOx NOx mass emissions based on time a/s
Enow, st NOx NOx mass emissions based on time g/s
Enoxx NOx NOx emissions factor g/km
Enoxxinst NOXx Instantaneous NOXx emissions factor g/km
Enoxxrr NOx Route NOx emissions factor g/km
Enoxxst NOx Short trip NOx emissions factor g/km
g Gravitational constant m/s?
GP Gear position —
H,, Intake air relative humidity %
/ Overall gear ratio —
Moz NO2 Molecular weight of NO, g/mol
Ne Engine speed rpm
Pram latm Pressure at standard condition Pa




” Atmosphere pressure Pa
P, Intake air pressure Pa
P, Intake air pressure Pa
Q.. Exhaust gas flow rate m3/s
Quzaczam |1 273K Exhaust gas flow rate at 273K, latm m3/s
G, Intake air flow rate m*/s
Q273 12m 1 273K Intake air flow rate at 273K, latm m*/s
Oy, 2750 120m Dry intake air flow rate at 273K, latm m*/s
R Running resistance N
I Tire ruius m
Toraxc Temperature at standard condition K
T Ambient temperature K
7; Intake air temperature K
T ater Engine coolant temperature K
% Vehicle speed m/s
Vst Route average speed m/s,km/h
Vior Route average speed m/s,km/h
Vir Short trip average speed m/s,km/h
w Vehicle weight kg
W Gross vehicle weight kg
Wwr Rotation part equivalent weight kg
X Distance m
XrRT Route distance km
Xst Short trip distance km
Xv.position Vehicle position < >
o Vehicle acceleration m/s?
Qe Rate of engine speed change rpm/s
Bror EGR EGR ratio %
n: Power transmission efficiency —
6, Road gradient <
A Excess air ratio —
Yy Air resistance coefficient N s%/(g m)
M, Rolling resistance coefficient N s2/(g m)
L 1 273K Dry air density at 273K, latm g/m?
P Fuel density g/m?
T Engine torque N m

engin




1.1.

1.1
11.1.
2003
8 3,400
NOx
PM : Particulate matter
1994 NOXx
55 [/ PM 6 / 11 1.2 NOXx
75% 25%
PM 100% ®
NOx PM
16
13 14 (NO2)
SPM:Suspended Particulate Matter 15
16
NOx PM NO2
1.7 SPM
16 1.7 NO2 SPM



1.1.

1998
4,900
2000 1
SPM
1996
4 505
7

2002 10

NOz2 SPM
50 48 1
2000 11
DEP
2000 11
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1.1.

11.2.
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PM
48 19
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PM NOXx
PM
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Reduction NOx
11 12
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1.1.

100

Ox

Z 20

NOx PM

E NO PM
1.8
: 2 3
s49 & R
770ppm " "
(S63 ) H (H6)
400ppm = 5.0g/kwh
1 Ho ) -
(H15 )
A50/KWh 3 3gg/1wh
(H17
1.69g/kWh
L | | | | | | E
S45 S50 S55 S60 H2 H7 H12 H17
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1.1.

1.1.3.
Nitrogen oxide NOx
NO NO2 (
N20a N20s
NOx
NOx
NO2
(8),(9),(10),(11)
1 1 0.04ppm
NOx
NO2
NOx
(8),(9),(10),(12)
NOx 1992
NOx
NO2
NO NO2
NO2
NOx

NOx NO NO2

NO:2

2001

) N20
NO NO2
NO:2
0.06ppm
NO:2
NO:2
NO NO2

N203

NOx PM
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1.2.

1.2.
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1.2.

15 10 10 15
(km/h) 33.9 17.7 22.7
(km) 217 0.664 4.17
(sec) 231.0 135.0 660.0
(%) 32.47 26.67 31.36

15 Mode

——10 Mode— ——10 Mode—
o—o °>——10 Mode—=

(km/h)

15 Mode

0 100 200 300 400 500 600

1.10 10-15

NOx

JCAP
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RSD Remote sensing device
RSD
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111 a4
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1.2.

CO CO2 HC IR Infrared
NO,PM UV Ultra violet

GVW Grass vehicle weight

111 RSD 14

NOx
NDIR Non Dispersive Infra Red NO

11



1.2.

(15),(16),(17)
1.12
NDIR CLD
Chemiluminescence detector NOx
NOx

(18),(19),(20,(21)

EPA U.S. Environmental Protection Agency  D.Bruce Harris
02 CO2 CO THC(Total
Hydrocarbon) @2

College of Engineering-Center for Environmental Research and

Technology(CE-CERT)  Joseph M. Norbeck @3 1.13
CVS
CVS Constant volume sampler CO CO2 O2

NOx THC CH4 PM
(GPS Global Positioning System)

NOx NOx
(24),(25) FID
Flame lonization Detector THC
(26)
North Carolina State University = H.Christopher Frey @n 20

NO HC
(6{0)

12



1.2.

X [®
IIr’lﬂEu:t manifalkl

AETL= DF“]] |
@mu Muffler é_) @f; tank Q

A: Air flow meter, F: Fuel Flow meter, H: Heated filter, N: NOy analyzer,
P: Engine generator, R: Data recorder, 5: NOy sampling point.

1.12 NOx (18)

480 Valr 3 Phase

Univaraily of Cahloraia Riverside
CE-CERT

113 CVS 23
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1.2.

12.2.
NO2 SPM 0.06ppm 0.10mg/m3

2003 426

JCAP 29 114

) =1 —_— — tt ‘: Eu F— e H
RERFHEETIL| [KRETIL ijgﬁf [RILIAERA
Emission inventory system Meteorological models Upper meteorological research

T A S R | AMeDAS

BHE ;

ARk BE. SR, 2E

Emission inventory wind, temperature, humidity
AELSalb—vay = (nmrEa
A% quallty,lir;lodc-;‘lm o BN Observation around boundary area
(B, wi. K. L/ Boundary | #2244 £3AI

Advection, diffusion, reaction, deposition)

@ RS

conditions | Aircraft observation

validation
th I &5
Observation at ground level + BB T—4
Hﬁ % %Eﬁ-fﬂ'] Air pollutants monitoring station

Aircraft observation

1.14 @9
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1.2.

NOx

15

(29)

1.2.3.
1.15 (29)
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1.2.

1 1km
1 1
(30)
11
= > ! >
t/
N g/ km y km/
f ( 1.1
1
> >
g/ km km/
6,700
6
6
1
6
No.21
3
98% 4%
NOx 49%
18% NOXx
75% 1.1
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1.2.

PTV NOx (31),(32),(33)
NOx
NOx
(34)
1
(35)
2002 5
JCAP

(36),(37),(38),(39), (40)

115

JCAP

1.16

(29)

17



1.2.
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1.2.

117

ST ST

(42),(43),(44),(45)

(46),(47)

Running Time : T, Stopping Time : Ty

< > >
Speed
[kmih] < Travel Time : T S
507
40 ¢ Running Speed : S (run) = SG?S_ L
30

% O LT Travel Spﬁ'ﬁd : S - 36{10 D

20 | i : T
10} Travel Distance : D

0

90 120 Time [sec]

AQ

One Short-trip(ST)

1.17 (42)
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Increased heart rate [%]

1.2.

ITS
(48),(49),(50)
1.18

40

\_ V=60km/h
30
20
10
0

0 1 2 3

Vehicle position [m]

1.18

20

Risk Hlements

Left Risks

{

Right Risk

)

(49)




1.3.

13.

21

NOx



1.4.

14.

NOXx

NOx

22

NOx

NOx



15.

1.5.
NOx CO2
NOx
NOx
NOx
1.19
v
' ]
v
NOx
A\ 4
N x
v
NO

1.19
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1.6.

1.6.

EGR
NOx
NOx
NOx
NOx
NOx
EGR

24

EGR

NOx
NOXx
NOXx
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NOx

NOx

EGR

25

EGR

NOx



EGR
EGR
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2.1.

2.1.

NOx

NOx

NOXx

NOx

27
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2.2.

2.2.
NOx
GPS
VTR
NOx CO:2 o/km
0.5
21
2.1 o
K
VTR Pa
VTR
VTR
VIR
ON/OFF
mm
GPS N,W
s
m
m/s
m/s?
GPS N,W
rpm
K
%
kPa
m/s
g/s
ECGR %
N-m
K
ON/OFF
NOX ppm
NOX 9/s
NOX g/km
0, ppm
o, g/s
o, g/km
o 2.1
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2.2.

Tair

Pair

ON/OFF Br
Ap

Xv.pusition GPS

X

Ne
T
Hin
Pin

in

Qin
Twater K
ON/OFF ACon/off
NOX Cnox  NOX
02 Co2

2.1
2.1
+
NOXx 02
FVv
10
(51),(52),(53)
NOx

NOXx

0.1
At 05

CVS

(54)

29

NOx

O2



2.2.

NOx NOx
Oz O2
2.2
5
2.2
Vehicle speed NOX Intake air | Excess air
vV km/h Chox  ppm flow ratio
Qin m/s A
Measurement 100ppm: ==23% Within
accuracy += 3.0% 500ppm: ==5.5% +2.9% +3.3%
1000ppm: ==2.9%
Response o
3 Negligible 0.5s 0.04 s 0.05 s
time

2.2 NOx 02

30



2.2.

2.3 NOx 02

24

2.2 NOXx 02
2.3
24

25

31



2.2.

2.6
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2.3. NOx CO2
2.3. NOx CO2
NOXx NOXx
2.7 2.8
O2 Coz Bt
Qin Qex
NOXx Cno
NOx Enoxt
NOx NOXx Enoxx
Enox.x NOx Enoxt 4

NOXx

NOXx
Cnox PpmM

Enox.t g/s

2.7

33




2.3. NOx CO2
NOXx CO2
NOXx ( 21
NOXx NO:2
NO NO:2
NO:2 NO2
NO NO:
NO NO2
NO:2 NOx
( 22 Oz
( 23
( 21 ( 23 NOXx

NOx ( 24 NOx

Enox,t = Qex,t X Cnox, t x107° x 27315 x Moz 21
293.15

Qex,t = Qinair , t + 0.749 x Bt 2-2
Bt = Qinairdry o P air % i 2.3

L) A

F /stoich

1
ENOx,X:ENOx,tXV— 2-4
( 21 ( 24

Enox, t : / NOx
Qex.t: 3/
Cnox,t: ppm NOXx
Mnoz2 g/mol NO
Qinair .t : 3 273K 1
Bt: /
Qinairdry t: 3/ 273K 1
Pair - g/ms 273K
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2.3. NOx CO2

(A/ F)stoich :

A

Enox, x : gm NOx

=0
V: m/s
0.749 m*/kg
CO2
/ 1.82
CO2 CO2
CO2 CO2 CO2
ECOZ,t
Ecoz,x = v 2-5
Ecozr = B x EFco, 2-6
( 25 ( 2-6)

Ecozt  0fs CO2
Ecozx  g/m CO2
EFcoz g-CO2/g-fuel CO2 3.161

35



2.4.

24,
32
ELF
24.1.
OHC
2000 3

98
NOx

1998

49

EGR
NOx

112

NOXx
81kW

5,000km
2.9

EGR

4

2.9

36
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2.4.

EGR
2.10 EGR
EGR
EGR EGR
ECM EGR
EGR
EGR
EGR
EGR EGR EGR
EGR
EGR = Qo Qeer /Qo>x 100 (%) ( 2-7)
Q EGR (m?3/s)
Qesr EGR (m3/s)
le—— Accelerator
[«—— Engine speed
Electronic control ECMie—— Engine coolant temperature
EGR valve \ <
[
i J
]§[ &m; Electronic control

intake throttling

? ' <: Intake Air

Ir
T

2.10 EGR
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2.4.

24.2.

10

OHC

45,000km
211

EGR
NOx
IVECO
NOXx
NOXx
1992
EEC
1997 9
2.3

TTKW
EGR

211
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2.4.

2.3
1 2
2000 3 1997 9
10
mm 4,990 4,850
mm 1,880 2,000
mm 2,940 2,525
2,510 2,250
kg 2,000 750
kg 4,675 3,000
3 10
cd 0.59 0.54
5.4 4.9
mm 320 324
5MT 5MT
4.777 3.91
1st 4.987(0.90) 6.195(0.90)
2nd 2.870(0.90) 3.895(0.90)
3rd 1.594(0.90) 2.260(0.90)
) 4th 1.000(0.92) 1.428(0.92)
5th 0.728(090) 1.000(0.90)
4.774(0.89) 5.692(0.89)
OHC OHC
4 4
16 8
cm’® 4,334 2,499
mm 112.0 x 111.0 93.0 x 92.0
18.5 18.0
kW/rpm 81/3,100 77/3,800
N m/rpm 275/1,500 222/2,200
(EGR)
1998 Pre-EURO
D13 ECE-R49
NOx g/kwh 4.5 14.4
CO g/kwh 7.40 11.2
HC g/kwh 2.90 2.4
PM g/kwh 0.25 —
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2.5. NOx O2

25. NOx O
NOXx
NOx 02
CVS
NOx 02
NOx O2
NOx CO2
CO2
NOXx
NOx 02
NOx O2
212@) A B
C
13 D13
A~C O2 (07] D
O2 212(b) (¢) (d)
0.5 NOXx A B
213(@) (b)
A D

40



2.5. NOx O2

NOXx O2
NOx
02 NOx O2 1kHz
| (1,400) [ (L700) (1,550) | (1,850) | (1000)

O2 sensor location Sampling point for

direct gas analyzer
K
[ ]

To dilution tunnel

Muffler

Laminar ~ Karman vortices
flow meter air flow sensor
in air cleaner box
@

0, concentration Coyzirconia %

20 =20 =20
y =1.037 x - 0.224 = y =1.018 x + 0.109 = y =1.028 x - 0.209
R?=0.986 R? = 0.995 R? = 1.000

15 - N 15 N15 |
o o
(&) (&)
c =

10 % 10| % 10 |
b= =]
§ g

5 £5 2 5t
3 8
o) S

0 . . . 0 . . . 0 . . .
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
0, concentration Copyagnetic % 0, concentration Cop vagnetic % 0, concentration Cop yagnetic %

() A ()B ()C

2.12 02
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2.5. NOx O2

10 [Ty = 1,047 x - 11423

R®=0991 ¢

1000

y =0977 x - 19.569 /
R’ = 0,997

800

@®
=]
S

@
=1
S

@
=1
S

2

I
Q
S

el
v

N
Q
S

/.

n
=]
S

fd

NOx concentration Cyox zirconia PPM

N
Q
t=3

i

NOx concentration Cnoxzirconia PPM

o

0 200 400 600

800

1000

NOx concentration CyoxcLp Ppm

02

0

0 200 400 600 800
NOx concentration CnoxcLo ppm

1000

(@ A ()8
2.13 NOXx
10 15
10 15
212@) A C O2
2.15 2.14
2.15
K A 009 A B
0.26
NOx CO2
2.12(a) 0.5
02 NOx
A B
B
C

42

CO2

0.08

214

C

NOXx
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2.5. NOx O2

Engine speed

Intake air flow

Intake air flow

O, concentration

2000
: k5
c 1500 o
a : )
= 1000 )
() F ©
< 500 =
i >
0 == ' L 0
Position Position C
50 _ A Position B
40 f S
® 5 @
4 30¢f <
£ : 3]
O 20F 5
o
10E—‘"' = 3
0 M M
0 3
214 O2
Delay (A B)
Delay (K A) — | — Delay (B C
30
S . (J/J\/\,l/\/\/ﬁ/\,\/\.—/\.—
10 /\/\/\/\N\/j
20
| Position C
mvwwﬂ\@m<
15
T
8 vl
10 I K\ Position B
[ “Position A
5 i ; L
3.0 3.5 4.0 4.5 5.0
Time s
215 O2 214 E
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2.5. NOx O2

gls

Eco2

gls

Enox

10 | |

8 | e Position A

5 O0—o0 Position B y )

®----® Position C /,‘ \ /

: | SRR Y

2 , \ 'l

0 ogepete , R
0.10
0.08 o
0.06 ﬁ
0.04 c\ ]
0.02

0 W 1 1 1 1 ] 1

0 3 6 9 12 15
Time s
2.16 NOx CcoO
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2.6. CVS
26. CVS
CVS
217 ““CDh1”~
““CD27” 217
217 ““ROM”” CVS 217 ““CVs””
D13 NOXx
2.18 10 15
NOx (g/km) 2.4
CVs NOx 45
7.5% CO2 25 58% 10 15
6 NOx -54 27% COz2 33 11.1%
NOXx CO2
NOx
ROM
CVS CvS
0.015 ——
0 ROM
I oo | o
o 1 1
o 0.010
x
@)
0
0.005
0
CD1 CD2
217 D13 NOx
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2.6. CVS

10 15 10 15
Tokyo-7 No.7
Tokyo-2 No.2
3.5
O ROM 1
3.0 O CVS
g3l
= 2.5
==
o 2.0 L
cr [
L 15 |1 . [ 1
X ~l~—1— T—z—
zZ L P S g -
] 1.0
0.5 — -
0
10 15 10 15 10 15 Tokyo-7 10 15 Tokyo-2
N ] N J
N '
CD1 CD2
2.4
cp | Cycle | Date |- dTe'g . |System| NOX Ratiol co, | Ratic

ROM | 3.53 ] 95.5|1062| 105.8
CVS [3.70] 100 1004] 100
ROM | 3.20 | 92.5| 985| 102.5
CVS [3.46] 100| 961] 100
ROM | 1.32 | 99.5| 325| 104.5
CVS |1.33|100| 311| 100
ROM | 1.32 1 99.5| 326| 105.5
CVS [ 1.33] 100| 309] 100
ROM | 1.34]98.9| 327| 105.1
CVS [1.36] 100| 311] 100
ROM | 1.41]98.5| 317| 103.3
CVS |1.44]100] 307| 100
ROM | 1.49 |102.7| 349| 111.1
CVS [1.45]100| 314] 100
ROM | 2.52 | 94.6| 521| 104.6
CVS [2.66] 100| 498] 100
AP.: Atmosphere pressure Unit of NOx:D13 g/kWh,Others g/km

H. : Humidity Unit of CO2 :D13 g/kWh,Others g/km

T. . Intake air temperature

CD1| D13 |01.11.29]101.3|25.1|49.2

CDh2| D13 |02.2.13]101.5|24.9(51.1

10 15 (01.11.28] 101.4|25.1 | 49.3

10 15 |01.11.28| 101.4125.0 [ 49.9

CD1
10 15 |01.11.28| 101.5]25.0 | 50.1

Tokyo-7{01.11.29| 101.3|25.1 | 49.2

10 15 | 02.2.13] 101.7 |24.9 | 50.8
CD2

Tokyo- | 02.2.14 [102.0 |24.9|50.8

46



2.7.

2.7.
2.7.1. NOx
NOXx O2
NOx
17.5km
1,000kg
2001 12 20 8
GPS NOx g/km
NOx
2.19
NOx 3.01g/km
NOx
NOx
2000 9 4
NOx 2.20
NOx

a7



2.7.

PR (T Tt

i Yokohama-urban route
Date : Dec.20,2001 8:00 am
! Distance : 17.5km
Payload : 1,000 kg
ENOx,X,RT  3.01 g/km

o

TN
H%?Dmni !
R ol

EEELE T

3 g wrninrs Mo
1
E @ " Iﬂgnm
2 B EHRR

T3

48

> M=

AF §

4 "-5..'-,,# ? &
A

||

Numbers indicate
order of a run.

-----

T
i ST

| ENOx X, Inst
(O 200g/km |
| O 100gkm
i 40 [T @O S @
NOx
()



2.7.

Sep. 4,2001 1605 | N~ o B ) )
Tsinghua Univ. route

Payload : 750kg
EnoxxRT:2.06 g/km |

-

.....

]
Ly R g (5 R
S ko
9
:
W
=)
Tl
427 T
_.____..ai;..-’yn)_.‘ﬂ’:ﬁ," ot : ]

2D

2.20

NOx
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2.7.

2.7.2.
2.19
NOx
NOx
110m
75
NOx
NOXx
2

NOx

NOx

NOXx
NOx

NOXx

120m

NOx

50

NOXx

05

NOx

30m

221



2.7.

-60m -30m(Stand-still)
Road Nox (@) 0.1 oss Traffic light
; 0.5s
infrastructure 9 @ 005 g "4
. VTR Picture ; -
Traffic @ e
condition | T ‘
507
(" Accelerator stroke 4}, [
mm 2P/ N~
18 \ / v
i 2 ON
Driver S < Braking /_—|
operation OFF
Sth 4th 1l3yd 4th
Gear position an T
9 o 2nd] fr‘
2
[ Vehicle speed km/h 49 <
20 "
o Y
3
Vehicle acceleration DAL AL N~
m/s? ~— e
3000
Running { Engine speed 2000 — M
condition rpm 1000 N
0
5 a
Fuel consumption rate % N\ A
/s 1 A\AL [ VN I\
9 FM \ A/ Y
60 .
\_ EGRratio M AN~ hn — v
oY MRS |1
. 1200
[ NOXx concentration ggg ~
ppm 200\~ /1 IRV
LA/ | JIRVIES=NE
NOx mass emission 0.5 N
based ontime 010 RN
0.0 N\
Exhaust gls AW VAV S —
emissions NOx mass emission 004 \
based on distance 992 P
g/m o Pa. V. \/
CO > mass emission §
\_ based on time 2 \RER
0 '}

g/m -300 -240 -180 -120 -60 0 60 120 180 240 300

+—Center of intersection
Vehicle position m

221
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2.8.

2.8.
NOXx (07)
CVS NOx
45 7.5% CO2 25 58% NOx
54 27% CO2 33 11.1%
NOx CO2 NOXx
NOx
NOx
NOXx
NOx
NOx
NOx
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NOXx

NOx

NOXx

NOx
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3.1.

3.1.

3.1.1.

24.

3.1.2.

31

1.7km

54

1998

NOx

NOx

NOx

EEC

31



3.1.

Altitude m

Section “a’

980
970

960 1 T
Goal
950 Start

940 |\ l ll

930
920

0 200 400 600 800 1,000 1,200 1,400 1,600 1,800

Distance m

31
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3.1.

17.5km
3.2 31

- e
[ g *ﬁﬁ. gmw. VR,

@
3' i _ﬁ AN
R i

fHAELE

L
A 4
. Vi Eﬁﬁlﬂ%{;f

s

wi-srv 3 §

3.2

GEOATLAS2000
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3.1.

3.1
Test route Gunma Takayama route| Yokohama-urban route
Area Takayama village Kohoku-ku Yokohama
Distance km 1.7 17.5
Left turn 3 10
Right turn 5 11
Intersection 0 12
(traffic light)
Intersection 0 3
(no traffic light)
Halt 1 7
Overpass 0 4
Two lanes, more km 0 12.1
One lane km 1.7 5.4
Rate of flat road % 29.4 91.3
3.1.3.
NOx
13
NOXx
2 24
3.2
1
2 30 1
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3.1.

3.1.4.

NOx
NOXx
NOXx

als

NOx

NOXx 0.5

NOx g/km
NOx

NOx

NOXx

NOx

NOx

NOx

NOx

NOx (g/s)

NOx g/km

CoO
XrT
Xst, Vst
NOx

g/km

NOx

(9/s)

g/km

58

NOx

NOx
NOx

NOx 0.5

Enox, t, Inst

Vlnst

Enox, x, inst =

NOXx

3.3
NOx

te-st

ls-sT

te*ST
Enox,t,s1 = IENOx,t, inst(t)dt
tsfsT

Enox.t, sT
Enox, x, s1 = ———

Xst

3.3

Is le

te
Enox,t,rT = [[ Enox, t, mst(t)dt

S

Enox, t, RT

XRrT

Enox, x,rT =

3.3
Ver

NOx



3.1.

Start One test route  (RT) End
One short trip (ST) 7—wv I
» Stand-still !~ ' !
~ t 1< 1
S T 1 1
1 1 1
Z I 1 1
= I 1 1
153 1 1 1
(ZD | 1 1
(i MAJ‘ h : '
I
I
£ 1
E I
V4 I
= |
>E
te
” Extension s
> ENOx,t,Inst(H‘l)
g Enoxtinst(i ;$AEN0xunst ENox.tinst . Instantaneous
¥ Enocuns(i- ] NOx mass flow
3 ) Vinst: InStantaneous
V141 vehicle speed
ns
) te
% Vlnst(|) -------- Xar = jV odt
= (Vis(i-1) iA Viee | 200 = JVinst®
U s S I 4 ts
£ TAL
> Pl XRT
: VRT = —m—
t S te - ts
3.3 NOx

59



3.2. NOx
3.2. NOx
3.2.1. NOx
NOx 34
35
NOx CO2 3.6
NOx 19 CO2
1.3 NOXx CO2
3.7 NOXx
CO2
13 NOx YA NOx
2.0 g/lkm CO2 715 g/km
Ml NOx 3.2 g/lkm CO2
625 g/km 3.
Ml YA NOx
Ml YA 15
1.3 Ml YA NOx
Ml YA NOx 1.6
NOx 3.9
NOXx 3.9 NOXx
NOx
3.10 NOx
3.8 3.9 3.10
NOx
NOXx
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NOXx

3.2.

Driver

Vehicle 2ton diesel truck

with EGR
Route Gunma Takayama route

including a slope

Engine condition Hot

Payload 1000kg

50

unt/B ONg

X

NOXx

34
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3.2. NOx

Vehicle 2ton diesel truck with EGR
Route Gunma Takayama route

including a sl .
o5 | Paoad t000ig 1.9 Times

e e e e e I U N A _ .| Max
o 20|
\ |
€ |
~ 15} .
L i B i B 1 _B.Min
— 10}
g [
5F
O |
KO SE SN HA FU SA SD TK IS TH YA ID MI
35
Vehicle 2ton diesel truck with EGR
Route Gunma Takayama route
NOXx 1.9 including a slope
Payload 1000kg
CO2 1.3 Engine condition Hot
4.0 1 800
E 3.5 F {700 &
= ! ] %
D 3.0 F 1600 5,
2.5} { 500
g 20} {400 &
1.5} { 300
0 1.0 200 §
] 0.5 {100 ]
0.0t 10
KO SE SN HA FU SA SD TK IS TH YA ID MI
3.6 NOx CO2
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3.2. NOx
800 15
700 | _ f -
& | " u m 14
= 600 oy M E g j =
@) ! " . ] )]
500 | . 4 i 3
“ 400} e | z
o 300 12 5
O ! 1 pd
© 2007 o pmgem e ||
I including a slope ) 1
100 i Eﬁgilr?:dcor%gi(i?okr? Hot ]
0 —— —— — 0
10 15 20 25
VRT km/h
3.7 NOx CO2
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3.2. NOx

km/h

Vlnst

Ap mm

g/km

Inst

ENo

50 including a slope

10

10

Vehicle 2ton diesel truck
with EGR
Route Gunma Takayama route

Payload 1000kg
Engine condition Hot

Driver MI

‘K\\\\ Driver YA

0
50 |
40 |
30 | )
20 |,
0 I I I I
Raute average NOx : 3.2 g/km
25 | Route average CO,: 625 g/km
20 | Route average NOx : 2.0 ¢/km
Route average CO, : 715 ¢g/km

0O 100 200 300 400 500 600 700 800
X m

3.8
NOXx Ml YA
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3.2.

NOXx

%

(5 [l s W ——

ID TH SN M

NOx

HEOE]

IS HA

Vehicle 2ton diesel truck with EGR
Route Gunma Takayama route
including a slope
Payload 1000kg
0\3 Engine condition Hot
100
80
X
O 60
Z
40
20
YA SE KO TK SA SD FU
NOx
3.9
Vehicle 2ton diesel truck with EGR
Route Gunma Takayama route
including a slope
Payload 1000kg
Engine condition Hot
100 ——
80 |-
60 |
40 |
20 |

YA SE KO TK SA SD FU

D I e D ——

NOx

3.10

65

ID TH SN Ml

IS HA




3.2. NOx
3.2.2. NOx
NOx NOx
3.2
1.82 3.2g/km
1.8
3.3 NOx 20
HA M NOx
NOx
11 M 38
NOXx NOXx
NOXx NOx
3.2
M1 HA TA MA
20 20 50 40
4 30 20
2
10
1 10
2001/12/20 2002/5/1 2004/10/30 | 2004/12/23
06 00 18 28 12 50 15 55
(kg) 1 000 1 000 1 000 1 000
2.7 19.0 6.6 0.9
(kPa) 0.1019 0.1006 0.1030 0.1013
61.2 57.7 71.7 21.7
kg/kg 0.00280 0.00789 0.00432 0.000747
Vr (km/h) 21.0 13.6 12.0 12.7
Biox x, #r (g/km) 3.20 1.82 3.07 2.97
Ecos, x, fr (9/km) 414.2 439.6 543.4 549.1
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3.2. NOx
3.3 NOX 20
Ml HA TA MA
NOx NOX NOX NOx

1 (17,222 | 123.0 1 10,798 64.6 1 593 34.5 1 |10,994 87.7
2 5,203 76.1 2 1,496 27.4 2 1 32.9 2 4,895 70.1
3 | 15,683 52.5 3 16,465 27.3 3 3,251 27.4 3 |16,023 63.3
4 1,521 48.0 4 4,577 26.3 4 2,319 27.2 4 112,860 54.0

6,666 40.4 12,467 24.6 10,963 27.0 12,262 52.6
6 | 11,663 29.4 6 2,602 22.6 6 2,398 24.8 6 6,792 50.9
7 6,890 26.3 7 17,715 21.2 7 | 15,767 24.3 7 (16,231 49.4
8 3,342 25.1 8 778 20.9 8 581 23.2 8 | 16,964 45.8
9 623 24.4 9 8,496 19.4 9 | 10,606 23.1 9 |12,992 44.7
10 | 4,700 20.8 10 4,801 18.4 10 | 2,544 22.8 10 | 3,761 42.8
11 | 3,292 18.9 11 2,430 18.3 11 | 5,100 22.7 11 3251 39.9
12 | 16,981 17.6 12 2,603 18.1 12 | 10,654 22.5 12 9849 38.4
13 | 5,737 15.8 13 | 12,467 17.8 13 | 6,953 22.5 13 1511 38.1
14 | 7,142 15.4 14 1,506 17.3 14 920 22.4 14 5725 35.1
15 | 6,180 14.4 15 | 14,774 16.9 15 | 2,898 22.3 15 3415 34.5
16 | 13,753 13.8 16 8,686 16.8 16 | 5,459 22.2 16 3455 34.5
17 | 2,186 13.7 17 | 16,540 16.8 17 | 17,800 21.7 17 8890 33.3
18 | 1,969 13.4 18 8,099 16.3 18 | 8,526 21.5 18 | 14926 32.5
19 | 4,424 10.7 19 587 15.8 19 | 10,815 21.4 19 | 12361 32.4
20 | 3,187 8.8 20 3,357 15.8 20 | 10,230 21.3 20 2565 31.4
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NOXx

3.3.

NOx

3.3.

NOx

NOXx

NOx

3.3.1

24

NOXx

20

12

2001

311

2.3g/km

NOXx

14

3.2g/km

:17.5km

1,000 kg

wy/6
14'%X'200]
o O O O O
o O O O O
N M N +H O
2 | NdOT
| | o ]
gl S| Wd 8
1] S
g1 | i W
w_ii | o — Nd 2
NEEEE NN [y
gl LHT | sINE:
| i LLLI, e
g | Il NV ¥
5 _ _ S WV 2
. _ | L] AV 0
I I I I I I
S g 8 Q 9 ow o wowoe o
N ® < M MO N AN 4 +dH O O
-y Y/ wiy/b
LAA 14%X'XONT

NOx

311
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3.3. NOx
3.3.2. NOx
2001 12 20 1 12 NOx
34 GPS
NOx 3.12
NOx
NOXx
NOx NOx
3.20g/km NOx
3.4 NOx

Test conditions

Weather conditions

Time, Date 6:00, 20 Dec. 01 Weather Fine

Payload 1,000 kg Temperature 2.7

Engine Hot start Atmosphere 101.9 kPa

condition pressure

Sampling time 0.5s Humidity 61.2 %

Results Ver - (km/h) Eiox ,x, RT Eco, x, RT
(g/km) (g/km)

21.0 3.20 414
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3.3. NOx

ey L e R R few gy
{ Yokohama-urban route T Numbers indicate \
Date Dec.20, 2001 6:00am
Distance ~ 17.5km R,
| Payload 1,000 kg 3
ENOxXRT 3.2 g/km /3

m@ﬁ&;ﬁnﬂl””‘ 1 2

v 7‘” PEE ; \,
B 5 ], &
b ) T /
i /e @,I \ S
. 2y B 1. ‘, =
@ “ SEE
< BHS Y TR
"'-J{-.'._ 5 .
i 4
v 'f?;-‘.f-l';
Lz
. 1B
@ o mE hore &) _:_%
mres : g R
G (2 ¥
= WAR\(2 .
A ]
o BEGKE D
Y L LE
py MU i
NTT s I

=
=

e e =l "'_:i_ £

2/ .

0 TN 50 %
Nz =
@ s L 2
EETl et
“ it |
- 1 §_-'__J 10 :g
= 2w ot
B B2
L&t g i

& S

T2 4 O 100 gkm

3.12 NOx NOx
)

GEOATLAS2000
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3.3. NOx

3.3.3. NOx
2000 12 20 6
NOx 20
35
NOx
NOx
NOx 20 123.2g/km~8.8g/km
NOx NOx 41
20 14 4
11 5
4
12 7 1
NOXx
35 NOx 20
(m) NOx(g/km)
1 17,222 123.2
2 5,203 76.1 T
3 15,683 52.5 T T T
4 1,521 48.0 T T
5 6,666 40.4 T T
6 11,663 29.4 T T
7 6,890 26.3 T T T
8 3,342 25.1 T T
9 623 24.4 T T
10 4,700 20.8
11 3,292 18.9 T
12 16,981 17.6
13 5,737 15.8 T T T
14 7,142 15.4 T
15 6,180 14.4 T
16 13,753 13.8
17 2,186 13.7 T
18 1,969 13.4 T
19 4,424 10.7 T T T
20 3,187 8.8
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3.3. NOx
NOx
3.2
1km
3.2 1km
4 8 42
3.13 3.14
(1,000kg) 16
NOx 20
3.6 3.7
20 16
4
16 4
16 4
20 18
18 1
19 1
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3.3. NOx

3.13 1km

° Utility pole i Road width

(O Bad visibility |4 quintuplicate
) \4%\7‘“-7."-'% A
ool SR —
1km R
3.14 1km
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3.3. NOx
3.6 1km NOx 20
(m) NOx(g/km)
1 1,014 41.7
2 967 37.9
3 974 31.6
4 1,051 30.0
5 799 29.1
6 1,496 27.4
! 1,347 27.2
8 616 25.4
9 1,395 25.1
10 979 25.0
11 898 25.0
12 628 24.7
13 824 23.9
14 1,220 23.7
15 1,205 23.3
16 1,203 22.9
17 1,004 22.8
18 785 22.4
19 1,293 22.0
20 1,408 22.0
3.7 1km NOx 20
(m) NOx(g/km)
1 6,564 41.9
2 6,757 40.8
3 6,521 40.7
4 6,555 33.4
5 6,553 30.5
6 5,729 29.1
7 5,757 27.1
8 5,712 26.5
9 6,624 23.3
10 6,780 22.2
11 6,545 22.0
12 5,747 21.5
13 6,758 21.4
14 5,719 19.7
15 6,517 19.6
16 6,726 19.4
17 6,536 18.3
18 6,759 18.1
19 6,529 17.6
20 5,748 17.4
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3.4. NOx
3.4. NOx
NOx
VTR
NOx NOx
3.4.1. NOx
50m
4 3.15 3.17
3.18
3.15 NOx
3.16
NOx
VTR
3.17
NOx
3.18
NOx
NOx
NOx
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3.4. NOx

40
130
120
110
T s S S I B o o — 10
(§Dooee0oc § ID000O
) . ) ) ‘ . , 0.5 S
-50m -40m -30m -20m § 20m_30m 40m 50m
[
Straight(non-stop)
3.15
40
{30
{20
10
L ‘J 0

. . ) ) 0.5s
-50m -40m -30m -20m | 20m 30m 40m
[ [
Straight(stop)
3.16

76

NOx mass emission
based on distance
Enoxx 9/km

NOx mass emission
based on time Eq,,

O 0.1g/s

O 0.05g/s

NOx mass emission
based on distance
Enoxx g/km

NOx mass emission
based on time E\,,




3.4. NOx

NOx mass emission 50m } 05 s 3
based on time E '
NOxt — 40m 12 ¢
Turning -
0.1g/s left 30m F 19 £
(O oosgss oom | 1o 5
2
1o 2
-50m -40m -30m -20m = >
O oo 000Q o
o
40
430 NOx mass emission
] 58 based on distance
I | L g_/jo ENOX,X g/km
-50 -40 -30 -20 -10 0
Vehicle position m
3.17
40 NOx mass emission
30f based on time E\q,,
ENOx,x 20F ’
km .~k
g | T N 0.1g/s
50 -40 -30 -20 -10 O
Vehicle position m 0.05 g/s
L x 9/km
6N &8

Turning
right

H#0.5s

3.18
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3.4. NOx
315 316 3.17 3.18
50m NOx CO2
NOXx CO2
3.8 NOx COz
Average NOXx Average CO,
ENOx,x,—50 50m-ave Ecoz,x,-so 50m-ave
g/km g/km
Straight
(non-stop) 3.47 454
Straight
(stop) 747 809
Turning
left 6.44 745
Turning
right 4.27 726
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3.4. NOx
6m
4
3.19
4
NOx
4 0.5s
N d 3 |e
NOx mass emission ATow roa 11
. @ 00 0 - c@o 00 09
based on time E, , 1 T
Circumstances e 0ot Narrow road Il
Ircu . @ 0.054g/s v e s T eee
concerning road 11
infrustructure ,
Width of road Narrow road 11
Xioad —I—. @60 - q?’ Qo
Narrow road |
X - 1)
N 1 e
e 50
Accelerator stroke §8 1= -
Ac mm 28 3 7 N
0
Driver's ON
operation Braking orF /
4th
iti 3rd
Gear position S
< 40 —
] Vehiclespeed km/h 39 | E“ﬁ$¢:
Running 1 \ \ ]
condition 3 ) 3000
Engine speed 2000 = —_—
Ne rpm 1000 ‘
~ 0
(" NOx concentration 1588 —
- ~ ~
Co P o TN S
NOx mass emission 40
Ex_hagst < based on distance 38 —]
emissions Enoxx 9/km 10 —————
CO, mass emission i
based on time 2
\_ Ecoox 9/km o —— = =
50 -40 -30 20 -10 O 10 20 30
Center of intersection—+
Vehicle position X m
3.19
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3.4. NOx
3.4.2.
NOx
4
20m NOXx
NOx 3.9
4th,38km/h
15 10 NOXx
3.9 NOx
NOx mass emission
Example model Ero, 9/kM
Reference
200m 1 example
cruising(4th 38:£1.4 kmh) | Max 1.9 g/km
p e
Average 1.1 g/km
4 example
Max
= 30.4%18.8 g/km
stop _ Average
acceleration 12.543.0 g/km
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3.4. NOx

4
NOx 3.10
4th,38km/h 3.7
35 NOXx
3.10 NOx
NOx mass emission
Example model Enoyy 0/kM
3rd 5th 37.845.5 km/h 4 example
Max
7.123.1 g/km
Average
3.9+1.2 g/km
300
3.20
NOx

3.20
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3.4. NOx

321 2000 12 20 2 12
1km
2
NOx
2002 11
3.22 4 (2002 12 7 2003 4 26
) NOx CO2
4
360m 220m 140 NOx CO2
311
NOXx NOXx CO2
NOx CO2
3.1 a 140 NOx CO2
NOX o, NOX o,
km/h g/km NOX g/km km/h g/km NOx g/km
g/km g/km
2001.12.20 40.5| 2.79 5.11 444 2002 6.8 0.924 2.15 155
0 00 12.07 i
2 00 39.6 | 1.88 6.83 345 2003 0.606 1.38 105
2 15 39.1
10 00 39.1| 1.73 5.67 311 2003 1.409 5.69 253
3.12 39.4
14 00 41.3 | 3.22 7.72 411 2003 1.709 5.35 299
40.4
4.26
40.1| 2.41 6.33 378 38.9 1.16 3.64 203
1.0 1.0 1.0 0.48 0.58 0.54
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3.4.

NOx

km/h

ENO ,X,Inst g/km

km/h

ENO ,X,Inst g/km

, o
60 —/——= i =
\ = =
I = //g'\‘k e~
30 Y R :Q‘ED’}\:\\\
A VW\ /&AXS T/?ﬁ%
0 : L1 '
-500 -400 | | —BO+ g 0 100 200 300 400 500
30 L1
Il
I I l
I
[ :I |
0 ‘ : LAl]
-500 -400 -300 T -200 100 200 300 400 500
3.21 NOXx
— 2002 12 7
2 15
3 22
_l 4 26 l
\
60— .
30 1 |
~ W \ / p
0 L L lI \I i L L L ‘ L L L L L L L L L L L L L L
3—0500 -400 I—IBOD 2 100 200 300 400 500
B h
|
I
15 h\ i :
|
| i |
0 \ A
-500 -400 -300 -200 100 200 300 400 500
3.22 NOXx




3.4. NOx
1.61km NOx
NOx CO2 3.12
NOx 22
NOx 14
NOx
3.12 NOx
NOx mass emission CO, mass emission
Example model Enoyy O/kM Ecoy, g/km
Average 15.1 km/h
Max 410 km/h 1 example 1 example
Min 0 km/h M M
Frequency of stops 5.57 times/km ax ax
« 161 km X 41.6 g/km 11448 g/km
a busy stop and go A A
verage verage
ToB B
> 816 > ot 156 g/km 388.4 g/km
— - —~— - _
traffic congestion
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3.4. NOx

NOx NOx 3.13

4th,38km/h
18.3 49 NOXx

3.13 NOX

NOx mass emission

Example model E o /KM

slow cruising  deceleration | 2 examp|e
deceleration acceleration

Max
18.3%3.1 g/km
Average
narrow road oncoming vehicle 49i15 g/km
3.4.3.
NOx
3.14 NOXx

NOx
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3.4. NOXx
NOx
NOx
7.47 100m 54
7.8 150m 85
4 38km/h
3.9 72m 70
38km/h
2.41 140m 52
1.56 4 38km/h 24
4.9 4 38km/h 76
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3.5.

3.5.
NOXx
VTR
NOXx
3.5.1.
2000 9 6
315 GPS NOx
3.23 3.23 NOx
NOXx
3.15
2001.9.6 14 15
(k9) 375
S

36.5
(kPa) 100.1

10.9

kg/kg 0.00412

Ver  (km/h) 19.5
Eiox ,x, #r (g/km) 3.10
Ecop, x, e (g/km) 315.0

3.24 2001 9 5
NOXx
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3.5.

F e

Date : Seprt‘(_aFnber_Gz 2001 Start 1"415 Payload : 375kg, Distar{ge:lé-l.l km
Enox,x,RT : 3.10 g/km -
(s BT g e

Date September 5, 2001 Start 08:15, Payload 375kg, Distance 31.1km
EnoxxrT 2.37 g/km
Y BT N

3.24 NOXx
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3.5.

35.2. NOXx
2001 9 6 NOXx
20
3.16 NOx 20 80.7g/km  48.2g/km
NOx NOx 26.0
NOXx 20
123.2g/km 8.8g/km NOx
20 13 6
1 13
5 1 1
13 6
NOx
3.16 NOx 20
(m) NOx(g/km)

1 9,140 80.7
2 11,696 67.5 T T T
3 11,584 66-8 T T T
4 30,277 66.0 T T T
5 30,358 65.8 T T T
6 8,185 62.5
7 26,300 60.8 T T
8 8,429 60.0 T
9 27,082 57.5 T T T
10 35,704 57.4
11 30,836 56.2
12 3,471 54..9
13 5,053 54.3 T
14 11,648 51.2
15 11,654 51.2 T T T
16 19,441 51.0
17 11,656 50.4
18 13,005 50.3 T T T
19 7,095 50.1
20 10,843 48.2 T
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3.6.

3.6.
13
NOXx
NOx
NOx
NOx

NOx

NOXx

NOx

41 26

NOx

NOx

NOx

NOXx

90

EGR

NOx



NOXx

NOXx
NOx NOx
NOXx
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4.1.

4.1.
411, NOx
41 a c
NOx
(30)
58
NOXx
NOx
4.1(b)
4.1(c)
4.2(a)
4.2(a)
NOx
NOXx
NOx

NOXx

NOx

NOXx

NOXx

NOXx

NOx

NOx

4.2(b)

4.2(c)

NOXx

92

NOXx

NOx

NOx

NOx

NOx

4.1(a)

NOx



4.1.

Distance:17.5 km Yokomaha-urban route), 45.9 km (Tokyo Exp.way) Payload:1,000kg

= Correlation curve Symbol  Time/ Date Route
~ ENOXXRT ® 8:00/20 Dec. ,2001 Yokohama-urban
= X,
[=)) 20 13.5Var -140.0617Var -0.00113Ver2+1.28 | © 10:40/21 Dec. ,2000 Yokohama-urban
R?=1.0 2 (57 runs)
- - 0 20:00 /20 Dec. ,2001 Yokohama-urban
o F=3.69><10% F=0 0 10:30/ 2 May ,2001 Tokyo exp.way
=10
x
o
z 00
Lu O boul T - —Q |
0 20 40 60
Vrr  km/h
4.1(a) NOXx
30 \ .
= Correlation curve Symbol  Time/ Date Route
4 Enoxx, ST ® 8:00/20 Dec.,2001 Yokohama-urban
D 90 |§13.5VsT 1+0.041Vsr-0.000784Vsr2+1.67) © 2:00/20 Dec.,2001 Yokohama-urban
- o 20:00 /20 Dec. ,2001 Yokohama-urban
- R?=0.850 o 10:30/ 2 May ,2001 Tokyo exp.way
n F=322.3 F=4.03><107 ‘
o
)
z
m J

60
4.1(b) NOX
100
Date 20 December ,2001
. Payload 1,000 kg
Correlation curve Sampling time  0.5s
80 | ENOXx,x.inst  16.3V-1-0.0236V+0.000195V?+2.37
e R?=0.195
<
| — -292
= 60 ) F=503.9 F=1.6><10 °
®
3
< ®
s 40
5 ®
)
'fl )
20
0

93




4.1.

30
1= Enoxye =922 v + 0134 v - 0.00102v* - 4.28 o 2001/9/4,7,10
< \ R’= 0.760 . 1 2001/9/5,6
o 2 0 L J 2 2001/9/10
b, \ F=5.27 F=0.0524 ° 20017977
X 10
5 \'F
W] 0 ‘ &— T .
0 20 40 60 80
Ver km/h
4.2(a) NOx
40 | |
§ N 200196 9.13(4
S 30
Bl oo
2 20 Y = -0.382+49.6X1+0.0411X-0.00034X2 |
S R2=0.963 |
= 10 |
LLI * e F=822.2 F=8.4><10"%
¢ masn e SR |
0
0 20 40 60 80
Vst km/h
4.2(b) NOXx
50 | \
2001.9.6 14 015 (1
(kg) 375kg
40 ‘ ‘ —
e Y = 1.67+50.0X1-0.0666X+0.000889X?
< g R2=0.827 F=1428 F=0
> 30 i | 1
-
g
S
W

Vinst

4.2 (c)

94

km/h

NOXx




4.1.

41.2. NOx
NOx
4.3 NOx
2 NOx 38g/km
NOx 13
2001 12 20 NOx
44 NOx EGR
EGR 10
10 0.5 EGR
10
NOx 2-4
30km/h
NOx
4.3
NOXx 44
NOx 2
NOXx EGR 10
EGR NOx
2 NOx
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4.1.

Vinst GP

ENOx, X, Inst

km/h

g/km

g/km

ENOx,X,Inst

Yokohama-urban route
Vehiclel 20 Dec. 2001 Payload 1,000kg

4th 2nd_| 3rd 4th
N
60
4OC> a (')
——
0 A
60
40
* ' %
0 o
5250 5300 5350 5400 5450
Distance m
4.3 NOXx
60
Yokohama-urban route
Vehicle 1
50 Date 20 December, 2001 —
Payload 1,000 kg
Sampling time 0.5 s
40
O=—= Acceleration at intersection during
\ interval “a” shown on Fig.4.3
30 .
\ = EGRrate < 10%
¥ . 3rd EGRrate 10%
20 .
10

____;_ OA)'

Vinst km/h

50 60

4.4 NOXx
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4.1.

NOx

NOx 13

4.6
NOx
NOx

10km/h
NOx
10km/h NOx

NOXx

4.5

NOx

2001

NOXx
NOx

4.6

9

97

6

NOx
40g/km

NOx

4.5



4.1.

Beijing-urban route
Vehicle2 6 Sep. 2001 Payload 375kg

0 Riding clutch & N 2nd c--l>e 2nd P e
) =< >
3rd
60 ‘
5 € a0 > a O
> < 20
/
0 \\- /
_ 60
é-\% 40
S B 20
5300 5320 5340 5360 5380 5400
Distance m
4.5 NOXx
60
\ Beijing-urban route
! Vehicle 2
50 : Date 6 September, 2001 |
E » Payload 375 kg
= 40 . Sampling time 0.5 s
> O
B
@ 30 3". 0—0 Driving at traffic jam during interval “a”
ih E" shown on Fig.4.5
= (A
Z
w i
O 10 20 30 40 50 60 70
Vinst km/h
4.6 NOx
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4.2. NOx

4.2. NOx

421. COz NOx

4.7 2001 12 20 CO2
NOx EGR
EGR 10
EGR 10 NOx
4.7 NOx CO2 CO2
NOXx
0.20
Yokohama-urban route y =0.0081x R?=0.7268 =39.7
Vehicle 1 (EGR rate <210%) =1.96
----- =0.0057x R?=0.5256 -
Date 20 December, 2001 Y (EGR rate . 10%) 81.3 e
Payload 1,000 kg . -
v 0.15 § sampling time 05 s
(@)]
= EGR rate < 10% .
- EGRrate 10% L e ."-':
2 0.10
O
=z
w 0.05
0 -
20
Ecozt,Inst g/s
4.7 CO2 NOx
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4.2. NOX

EGR 4.8 CO»
NOx
EGR CcO, NOX
NOx
NOx an
0.20 —
Beijing-urban route y = 0.0058x + 0.0046
Vehicle 2 ,_
Date 6 September, 2001 R?=0.8811
| Payload 375 kg
g) 015 Sampling time 0.5 s 033
=1.96
= 0.10
£
2
w 0.05

4.8

10 15 20
Ecoa,t,inst gls

CO2 NOx
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4.2. NOx

4.2.2. NOx
NOXx
NOXx
NOx
a.05 ( 41 ( 42
(55)
R =g, -Wow g+ g - AV +Wew -Sin Goxd - g + Wew +W, ) - o ( 41)
Tengine = Rx r:D %1000 ( 4_2)
IXn,
R kN : W kg
H, : M, KN h2/(m2 km?)
A m? : V  km/h
0 <= : W, kg
a m/s? m/s?
T Nm : b m
i 7
b.
C. NOx
NOx
d. NOXx
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4.2. NOx

4.9 NOx

NOXx
NOx 4.9 4.3
NOx

Vehiclel 20 Dec. 2001 Yokohama-urban route

Payload 1,000kg
Enoxtinst O 0.01 g/s Q 0.05 g/s Q 0.149/s

128
96

320 —
Qm—® Acceleration at
w0 G S
256 TR -
0O O
c 224 o
< 192 %d%'
o | O
160
O
O

L engine
(o]

L O
N/

64 °1°
- o ﬁNO * 'tt{\o :*', :LV O
JEDEIN 1750

0 620 1240 1860 2480 3100
Ne rpm

5718 O
At

O
O
O

oooOOO

4.9 NOXx
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4.2. NOx

4.10 EGR

EGR EGR
NOx

EGR

Vehiclel 20 Dec. 2001 Yokohama-urban route
Payload 1,000kg

EGR rate () 10 % Ozo% Qso%

320 O o) ‘—‘ Acce‘leration‘at
288 torval o S
O _q o on Fig.4.3
256 o L] —\n_3[d_
E 204 : r-,‘
< 192 St "\
2 160 O O@Q O ?
> O O J\ '.
IE 128 (\008 NNV
96 6 RO\L
64 - y
4t 5
O A\ D
0 620 1240 1860 2480 3100
Ne rpm
410 EGR
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4.2. NOX

NOx 411
NOx
NOx 4.5
EGR
NOx
Vehicle2 6 Sep. 2001 Beijing-urban route
Payload 375 kg
320 ENoxtinst O 0.01 g/s Q0.0S g/s‘, Oo.os gls
288 O Criving i v o gt
256
c 224 QQ
Zz 192 Q/\J\( )
o 160 OOCX 1)
: 1| 00000
N o | o O OLIOII)
ga | D& @@@@Q
2| OIPOROQEC
0 L08R GullASZ DO

0 760 1520 2280 3040 3800
Ne rpm

411 NOXx
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4.2, NOx
4.2.3. NOx
EGR NOx
EGR
(56) EGR NOXx
412 D13
NOx NOx
4.13 NOx 412
NOx
3100rpm 2480rpm
NOx
D13
D13 NOx
25
NOXx
NOx
CO2 4.14 4.15
D13 g/kWh CO2
D13 CO2
+10% CO2 NOXx
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4.2. NOx

Vehiclel 01 Nov. 29

= Payload 1,000kg {Iflllllllllll"’mw[,,
. s I/“lfll’, [’
D13 mode & Constant point "'II'I,,II;'IM,I" )
o 1] test ! ,, i ,V’ ‘,y,
ol W
= S
. S gl
% o) ‘ 4 I
RS L it S relly ¥y Y
x --Qo:o,o,o,oo‘oﬁ“!" Wi ,/ A ‘l’[ )
oS S SN X N
R OO IR S SR S X i A
| OSSR e SRR ok ] 150
“““lll‘ 2 asgesN % 5% (" ity 20 %) Y % PKIKR
CORIISER SR 'dlip'// LA A S
E ‘\‘,‘a‘_‘—z‘.q,.,«!“o&fo'o&,tt I[/ by, o2
S SOOI S XX X Sl e oAl
s
TANEG e
x B s s S SR S SOSIES S SS TS SIS SIS
S S S S S S S S SIS
= TS SIS IS IS
75, N
%, S\
SIS
b S5 O
17 > e
/o L
(=Y W
” s
412 NOx
D13 NOx 868 g/kwh
Vehicle 1 Yokohama-urban route (6 times)
mo 20 Aug. 2001
Payload 1,000kg  Driver TM ﬂfﬁ
1] '
uE o1
m 012 %
= RS
o (.08
o i)
m o <
I 02
i e
P o=
)
gl

4.13 NOXx
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NOXx

4.2.

S/b N_Noom_

1061 g/kWh

XIS S w X
T\
GSOIIXS
XOESIARXRIR

CO2

GO BR R,
s O
R

X
O
000"0%

>

D13

A 00‘ 0

LXK
SR

v

ey, SRR
%..%ﬁ’gﬁvﬂonowwc» XS0 R

SRR
R eSS »o»ovnou%no“«

XX fdr‘»dsf"ﬂ'?“&ﬂﬂﬂﬂﬂ"ﬂ 00
o mll,l.ll!ﬁ XK 01‘01‘«‘ 0
S eserarem
Wi
N TG s e e,
R R TR 58
RO 0ge
\ R

2001
D13 mode & Constant point test at NIES

R
R
R
QRRAY L\

ate 29 November
Engine condition Hot

Vehiclel

:

(>
"oo =
R0
08K
YN/
00" i.lqhd.ﬂ...““’
RO
oooo
¢
0

e

o

o

¢
.o.:»

X

NS
ek

CO2

4.14

1174 g/kWh

CO2

D13

S/b *zoo

Co_ww.:tw wwmw

E NOO

-

eed
CO2

e\»QMv X N
KBS,
LRI
AR
PRI
SRR B RREEAY
ERSEERLOC 200 O»»ob)““ X
N s e
e
A

Vehiclel

Route Yokohama urban route (4 times)

Payload 1000kg

O L)
R KRARD 2
R I
VRRODDOKIR SNX |\ Ao
R R R
\ SRS
AR,

,”,%%oé oooo'ow»

/0/4 4”‘4)’4} SA SA AL O '
e S
AR
,,,,,%,.wo»»omzv—l
R s,

SRRCRSTROX X doo: 3
QK

AR ooo
AR eoooowooo ‘

ey i

/0 ««:o'&'

N ?%l
//// \\//

:T™M

Engine condition Hot

Driver
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4.2.

4.2.4.

2003 4

NOx

NOx

4.16

NOXx

05

25

416 1240
NOXx
320N m

43

EGR
NOXx

NOXx

2002

4.1
NOXx
0.5

1550rpm
NOXx EGR

NOx
NOx
NOXx (ppm)
2 NOx

EGR 150N m

20
EGR

108

5



4.2.

NOXx

41 1

Payload 1,000kg Driver : TA

Date Weather Temp. Humidity 728 Enox, X, RT Ecoz,x,RT
% km/h g/km g/km
02/ 5/29 Cloudy 23.1 45.0 16.3 2.47 437
02/ 6/29 Rainy 20.6 77.4 10.8 2.67 547
02/ 7/20 Fine 29.8 52.9 16.8 2.50 477
02/ 8/24 Cloudy 29.1 46.9 13.7 2.89 520
02/ 9/21 Cloudy 27.5 30.6 11.8 3.39 566
02/10/26 Cloudy 14.9 53.9 11.9 3.29 566
02/11/16 Cloudy 10.8 47.3 11.8 3.38 505
02/12/ 7 Rainy 5.2 64.9 9.7 3.66 609
03/ 1/18 Cloudy 10.3 41.7 14.5 2.38 422
03/ 2/15 Fine 10.0 30.6 13.4 2.65 452
03/ 3/22 Cloudy 9.1 43.4 13.8 2.65 445
03/ 4/26 Fine 27.1 37.3 13.9 2.51 521

4.16

Ne : 1240 ---1550 rpm  Vehiclel 3 Aug. 2003 Tokyo-urban route
Payload 1,000kg

100 150
L engine

109

200
N-m

250 300

NOx

350



Frequency

Frequency

4.2.

NOXx

4.17

(rpm)

®)

6%

800rpm/s

Vehiclel Yokohama-urban route Payload 1,000kg
400 ; : A h‘ ‘ ‘ Gear' osilion' ; 5th‘ [ !
Gear position 1l p
Time ratio (%) 173 4th g ear Time ratio (%) 42 5th g ear
(acceleration and deceleration) . (acceleration and deceleration)
300 y n [1 Time ratio (%
Time ratio (%) 83 a9 14
Average (rpm/s;
Average (rpm/s) 8.4 (acceleva%on (anpd dece)\evalmn) -44.7
200 (acceleration and deceleration) [l -
Average (rpm/s) 53.2 Average grpm s) 25.7
) .
100
0 ta.
400 I i T T T T I I I T T
Gear position 2nd Gear position 3rd 3r d ear
Time ratio (%) 2n d g ear [| Time ratio (%) 20.4 g
3 0 O (acceleration and deceleration) 5.8 (acceleration and deceleration) N
Time ratio (%) 45 [ Time ratio (%) 125
(acceleration ) | | (acoeteraiion)
Average (rpm/s; Average (rpm/s)
200 (ECCEIEIE%OH (arz uece)\evamn) 184.9 (acceleration and deceleration) 29.7
Average grpm/s) 257.7 Average ()rpm/s) 112.1
100

0

-1000-800-600-400-200 0 200 400 600 800 1000 -1000-800-600-400-200 O 200 400 600 800 1000

4.17

(& (3

e,

o "

rpm/s

110

Qe

rpm/s



4.2. NOx

4.17 2
NOx
NOXx
NOx 4.18
1240 1550rpm
NOx
NOx
4.10 1240 1550rpm 256N m EGR
NOx 4.19
NOx
NOx 4.18
EGR
4.19 EGR
2 NOx
EGR

NOx

111



4.2.

NOXx

Ne : 1240 --- 1550 rpm

Rate of engine speed change

Vehicle 1 Yokohama-urban route Payload 1,000kg

—— Over 600 rpm/s y =0.0002x + 0.0209 R?=0.7387
—--0--— 300 --- 600 rpm/s y =0.0002x + 0.0133 R?=0.5609
— O~ 0 --- 300 rpm/s y =0.0001x + 0.0103 R?=0.7834
0.10
0.08 O
L i
> & /> o
_ 0,06 e R
) - o .- .-
O . ~ - -
5 004 0. 2.%
2B o
002 ———=0"
ke
O | | | | | |
0 50 100 150 200 25 300 350
Lengine N-m
4,18 NOx
) 208 =16 N m y = 5E-05x + 0.0351 R?=0.8962
[m} 112 =16 N'm y = 7E-05x + 0.0133 R2=0.9279
o - 48 +16 N y = 6E-05x + 0.0061 R?=0.9558
0.08 i
Ne : 1240--1550rpm
|
0.06 4
© >
(@) L
= 0.04
<
O
zZ L
L
0.02
O I | | I
0 200 400 600 800
Qe rpm/s
4,19 NOx
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4.2. NOx

Ne : 1240 --- 1550 rpm  Vehiclel Yokohama-urban route Payload 1,000kg

an
—— Over 6006rpm/s y = -0.1085x + 36.207 R2=0.9390
—--{--— 300 --- 600 rpm/s y= -0.1179x + 30.52  R?=0.7987
—--O—:- 0 --300 rpm/s y = -0.0799x + 17.259 R?=0.6028
50
40
i \ué?
x -8 ~N O\
o .
w N, '
M 202 '~ o~ S
| \ ) \D\ \.\'\
10 5 . < .ﬁ "~ <
L <> <> D D\ .. O O' ~ .Q O
O ! | | Q t’ ! LS
0 50 100 150 200 25 300 350
Lengine Nm
4.20 EGR
EGR
EGR EGR
EGR
EGR
(56) EGR
DC EGR
EGR
EGR
EGR 4.21
EGR
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4.2. NOx

1,200 20 EGR 42
0.5 0
EGR EGR
4.22 14
EGR NOXx EGR
35 14 EGR 40 0.5 EGR
NOx NOx
EGR
NOx
EGR EGR
EGR
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4.2. NOx

3,500

3,000

rpm

2,500

Ne

2,000
1,500

1,000

CNox ppm

500

4.21

2,000

rpm

1,500

Ne

1,000

ppm

500

CNox

4.22

Ap 15.0mm 20 48.2mm
BEGR EGR Ne CNOx NOXx
E
S
o
<
2
Q
L
Q
I I I I I I I I I 0
-1 0 1 2 3 4 5 6 7 8 9
S
EGR
Ap 1.8mm 15.7mm
14% EGR EGR Ne
CNOox NOx 50
= c
l o
. ¥ TN <
l / Y 4 30
:// \.\\
f \ 120
-——-——+-——3 o
o
V]
]
Q
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4.3. EGR NOx
4.3. EGR NOx
1998 EGR
NOXx EGR
4.3.1.
1994 6
86kW 4
OHC 1999 3
75,000km “ 377
EGR 4.23
4.2
4.3
10 15 NOXx 18

423 1994
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4.3.

NOXx

4.2

1( )

2000 3

mm

4,990

mm

1,880

mm

2,940

kg

2,510

kg

2,000

kg

4,675

3

Cd

0.59

5.4

mm

320

SMT

4.777

1st

4.987(0.90)

2nd

2.870(0.90)

3rd

1.594(0.90)

4th

1.000(0.92)

5th

0.728(090)

4.774(0.89)

OHC

4

16

4,334

mm

112.0 x 111.0

18.5

KW/ rpm

81/3,100

85/3,200

N m/rpm

275/1,500

275/1,600

—

—

(EGR)

—
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4.3. EGR NOx
4.3
1 3
1998 1994
NOx  g/kWh 4.5 6.0
CO g/kWh 7.40 7.40
D13mode HC g/kWh 2.90 2.90
PM g/kWh 0.25 0.70
NOx  g/kWh 3.58 -
C0 g/kih 4.60 -
D13mode HC g/kWh 0.35 -
PM g/kih 0.55 -
C0, g/kwh 987 -
NOx  g/km 1.32 2.38
CO g/km 0.84 1.67
[10-15m0de HC g/km 0.17 0.68
PM g/km 0.099 0.41
C0, g/km 294 396
GW kg 3,765 3,570
20.3km
4.4
4.4
Test route Tokyo-urban route Yokohama-urban route
Area Koto-ku, Chiyoda-ku Kohoku-ku
Distance km 20.3 17.5
Left turn 14 10
Right turn 13 11
Intersection (traffic light) 115 12
Intersection (no traffic light) 11 3
Halt 1 7
Overpass 0 4
Two lanes, more km 17.1 12.1
One lane km 3.2 5.4
4.3.2. NOx
4.5 1998
NOx 2.53g/km 1994
4.83g/km 1.9
NOx
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4.3, EGR NOXx
4.24 NOXx
NOx
NOx
45
1998 ( ) 1994 ( )
2003.8.2 12 10 2002.1.30 12 00
(ko) 1,000 1,000
TA NE
16.8 13.5
(kPa) 100.2 101.5
42.8 27.0
kg/kg 0.00507 0.00258
Ver (kn/h) 15.8 14.1
Eiox x, er (g/km) 2.53 4.83
Eoopnir (g/km) 487.0 532.0

Tokyo-urban route  Payload 1,000kg
-0 Vehicle 3 30 Jan. 2002 4,613 m road point from start
&— Vehiclel 02 Aug. 2003 13,750 m road point from start

60

(kw)
N

als

ENO tinst Ecoatinst Power
als
o
o
(6]

ENO X, Inst
g/km

V,Inst
km/h
N
o

%

~o °=C
PN
“o., Y s
AW NN
A .
. FATT O =
LN e Foooad™ N\
o ot e snaotam® A% Sl e
A
P
N A
NP, AN
,.'°‘q° ok J J 0 R o AT TR0
oo &2 o D
Intensive NOXx pollution
0-0,
500g. 5 N
./_\%9'.99.5‘_11‘1'1...3_.ON’F}).Z_.Q’% 3 onr &
d—4—o MR o248 —3—eVRe—y o550 09
leeey N/R : Neutral & riding clutch f
000 o,
000 ?’\;:f\ M
N
[l 1 ? 1 | | | ] 1

60 40 -20 0 20 40 60 80 100 120 140

4.24

Distance (m)

NOx
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4.3. EGR NOXx
43.3. NOx
4.25 1 3 NOx
1 3
NOx NOx
4.26 1 3 NOx
3
NOx NOx
3 2002 1 30 2
NOx 4.27
NOx EGR EGR 10
NOx
EGR 0 10km/h EGR10
4.27 4.24 3 NOx
2 60g/km NOx
10km/h NOXx 2 NOXx
2 NOx
EGR 10
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g/km

Enox x,sT

g/km

ENox x,Inst

4.3. EGR NOx
40 T 40 T
2001.12.20 2001.05.02(4 2002.131 24 26 2.7(4
1 (kg)  1,000kg (kg)  1000kg
S
30 1 1 < 30 ‘ i
Y = 1.668+13.5X1+0.00417X-0.000784X? (@) Y = 3.220+35.0X1-0.0631X+0.000715X?
R2=0.850 R2=0.897
! | \
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4.3. EGR NOXx
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4.3. EGR NOx
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4.3. EGR
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4.3. EGR
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5.2.
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5.2.
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