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Abstract : State-of-the-art diesel passenger vehicles are increasing every year. However, NOx emissions from diesel vehicles are
currently an important issue. The reason is that the certification test does not sufficiently reflect the actual driving conditions and
various driving patterns. Therefore, the European Commission and the Ministry of Environment of Korea have introduced the real
driving emissions-light duty vehicle(RDE-LDV) with PEMS and world-harmonized light-duty vehicle test cycle(WLTC), which
includes higher loads and acceleration than the New European Driving Cycle(NEDC). In this study, the evaluation method for the
application of the weighing factor under extended condition and characteristics of NOx emission in 3rd RDE package have been
studied. The NOx emissions were highly measured because the lower ambient temperature results in a nonoperational EGR valve
rate. Furthermore, the evaluation method according to the application of the weighing factor using interpolation seems reasonable.
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Table 1 Specifications of test vehicle

Vehicle 01
Type SUV
Model year 2017
Displacement (cc) 3,000
After treatment DOC + DPF + SCR

Table 2 Specifications of PEMS

i

NOx-2 ! NOx-3  Exhaust

Item Principle Range
CO 0~8vol%
Heated NDIR
CO, 0~ 18 vol %
NO, NOx NDUV 0~ 3,000 ppm
Exhaust flow Pitot flow 0~ 670 kg/h
Table 3 Specifications of NOx logger
Feature NOx 0,
Measurement range 0~ 3,000 ppm 0~21%
Max respone time 1,650 ms 1,300 ms
Data update rate 20 Hz
~ Dboc DPF SCR
NOx-1 { ! |

Fig. 1 Schematic Diagram of NOx sensor installations
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Fig. 2 Route map for RDE tests

Table 4 Driving descriptions of RDE test route

Urban Rural Motor Total

Trip distance (km) 28.5 353 29.5 933
Trip share (%) 30.5 37.9 31.6 100.0
Trip duration (min) 58.2 27.4 16.2 101.7

Avg. veh. speed (km/h) 29.4 71.3 109.6
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Table 5 Trip duration and distance of cold conditions

Amb. Trip distance (km) Vehicle speed (km/h)
Temp (°C) 70 °C Frist 5 min 70 °C Frist 5 min
-11°C 7.83 2.31 30.19 27.74
-2.0°C 5.18 2.37 30.31 28.45
11.6°C 3.95 2.65 35.47 31.76
33.7°C 2.77 2.35 29.99 28.45




A Study of Cold-start and Evaluation Method for Real Driving Emissions of Diesel Light-duty Vehicle

SAIRE, ZRESE7IA| 2 Aol W3k Als Al 2 2o
A B 9)7]2xof Hlal 11.6 °Coll A =3 A2 710.3 km

3" RDE package®ll 7} W3k Al 5<
2 F Ao =AY AA S 2l A bl

LFER A 5L !
2 A A SAH A A F 20 5E7R 9] Wk 2
EGR 258, AA2AstE wl& A58 AAZES R Fig. 7
o] e to] YR AT

Fig. 6014 97|57} GoF =0(Ae) A= ¥2h4
70 °Coll leesth= Al 7HA ©] Wk AlE ) Al AR
ZHE 5 ot Wiz s 2 BT =4 A
FFA AN v EH AastEo] F J ko] YElyith
SHARE 9 7] 227 G 2 (A E 2 7H) oA = ¥t
70 °Coll =Eahi= A7k o] W3k Als 3t Al A2}
S5 S A YT AEA BlEE AAbsEe
S ghelst = Qi) o] &= 972ty
A W A4 o] Warm up == <t
3171 918l EGR #5828 Al3ste=
okA] 713 EGR Aladl2 F7]9] o
EGA7TE F71 0] AR X3y
[RIIRA Eabrd gied = ) 2 A= o AR
Zndlo] AAE QF YR L
Al Ho] A A= (NOx) 2] A o] 9
de]o)th A A4k eHE o] v &S o Al
dHohetA FhshA HH
A3l F7] Y Eo] vrop

A A =)o YA BA o) vl & o] TrshA Bk

e
R
:3

% ¢
o

9,
N
)

J

>

1 o
o

l
ol
N

B

o
A
e

=
N
N
w 1o
ook 2

o0 ot Hr oW mr wo S o
B D

ol 2 X Jo o Iy (fu

N

N
R
T oH
oo 2
o
<
N oy
H
L
o

2
i)
rl

i

2
[
113
=
2
o
off

S

a %

: --@ - 70°C
E - -A - First 5 min
I

'2 40

=

(=]

S

2

8 307

3 o

§

o 20

o) -

4

z -

5 3

£ 104 A: .

g 1 e
: -@

Ambient temperature (°C)

(a) Percent of NOx emissions for total trip

Fig. 6 NOx percent for trip at cold conditions

flo
i
o

Mo
=L

S~
= o
g3

aQ
E

N

2,
off

m

>

Fig. 7

AL
)
X
ok
i

M

e
22

ol A Z&3HA] %ol NOx vl & o] 3243t
S #ge = ok FAxe] 35k 2 °C
L5770 °C Fol| A Al &Feh O] Fat o]
Ak &} 11 °CET=
A, 27|27
7} 30 °C F-Zoll A =
HAl 2H-s3ke] NOx i &=

ol flo o O )

N

o 3
ro
bl
N
)
< o
S
1z
ry
=2
2
>
2
ol
O
2
es!
aQ
=
5

¢

N

)

ol

)
Norlr o2
4y

2 i
A I
&
o =~
9,
2
oft
ol
o
)
o
'
32

_OL
>
9 off
o
&
o

Cal s

g I g

N oyo

P
iz
i)

H
ool
a
=
o

4N o ox (E o2 > X WO [F T o
2
£l
2
e
e
ol

BB RCE e
Y

-
o
2
ol
Wk
X,
Ay
o
it
o
do
o,
&
o
X0,
v

4.3 HZH 3 HZF A|S2| NOx HiEEF H|

2 Al AMEE AES SH AR A9 g9
Z(SCR)= FAstA 0w, Wik Al 2 A Al &9] =
HE5E 59FNOx A3 E&-5 41517 9138l SCRE] Aot
2 S he]] NOx sensorE A x| 3}o] NOx Bl & 545 4
stk

W1k AlEe] Pk

5

Al A3 A

k

J

S =33l o 7)1 A AL dlRo] =83 o
= vl

oft rir
[
Y
>

U oot > O poh ol (N
~ =

--@ - 70°C
@ - -A - First 5 min

304 A

0l o

be .

percent of NOx emissions for Urban trip (%)

15 10 5 0 5 10 15 20 25 30 35

Ambient temperature (°C)

(b) Percent of NOx emissions for urban trip

Transactions of the Korean Society of Automotive Engineers, Vol. 27, No. 3, 2019 203



100 ~100  ~0.08
S
__ 80+ -80 @ =
) © [0.06 )
= (@)
2 60 Le0 £ 2
£ < (<]
(0] o =
— 8. -0.04 &
§ 40+ - 40 g g
8 = &
- 0.02
g L20 o =z
(O]
i}
0 -0 L 0.00
0 300
Time (sec)
(a) Ambient temperature under cold start (-11 °C)
100 - -100  0.08
S
___ 80 -80 @ =
o © 006 L
2 > =
2 60 - 60 S e
1S E Ke]
2 g [004Q
€ 40 — " L40 © ‘e
K] o [
g £ o s
I 0.02
© 20 20 o =
(O]
]
0 T T T T +0 L 0.00
0 60 120 180 240 300
Time (sec)
(b) Ambient temperature under cold start (-2.0 °C)
100 -100  0.08
S
80 - 80 @ —
—~ L @
9 © 0.06 )
S (o))
2 60 60 S 2
5 £ S
& g [0047g
o
§ 40+ -40 O g
8 . &
- 0.02
© 20 L 20 o =
O
7SS , S Y, Sp— w
0 y T . . 0 L 0.00
0 60 120 180 240 300
Time (sec)
(c) Ambient Temperature under cold start (11.6 °C)
100 -100  0.08
S
__ 80 -80 @ =
g © [006g
Sl (=2}
2 60 60 S 2
s = S
@ g [004°g
€ i L o
S 40 40 9 g
g 3 3
- 0.02
© 20 L 20 o z
(O]
i
0 T T T T 0 L 0.00
0 60 120 180 240 300
Time (sec)

(d) Ambient temperature under cold start (33.7 °C)

Fig. 7 Real-time profiles of coolant temperatures, NOx emissions and EGR valve opening rate on RDE test under cold-start period

204 E=EXSAEEE=EE M27AH H3E, 2019



LIRS ARER FY HIETIA W7E AIS H Hlo[E FIpAR ol fEk AT

Table 6 Comparison of NOx emissions for Engine start

RDE test of Frist 5 min Cold start Hot start
Accumulated NOx (g) 2.50 0.26
Avg. amb. temp. (°C) -0.25 1.44

W77 coLp-start (5 min)
V77 Hot-start (5 min)
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Conversion efficiency of NOx emission (%)

Fig. 8 Comparison for conversion efficiency of SCR system
according to engine start
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