Transactions of KSAE, Vol. 29, No. 2, pp.187-196 (February, 2021)

’m Check for updates

Copyright © 2021 KSAE/183-11
pISSN 1225-6382 / eISSN 2234-0149
DOI http://dx.doi.org/10.7467/KSAE.2021.29.2.187

Z8 SEMO| cL}E PEMS ZH|2} SEMS H|o| MAH =2

F8 No, HI2E HEd 24
e Nods-Asa-Rg+-HEL-NEE

A Correlation Analysis of NO, Emissions for Driving Condition between PEMS and
SEMS Devices

Jun Woo Jeong - Inhan Sim - Seung Lee Kim - Young Soo Yu - Mun Soo Chon - Junepyo Cha’

Department of Automotive Engineering, Korea National University of Transportation, Chungbuk 27469, Korea
(Received 4 August 2020 / Revised 5 October 2020 / Accepted 26 October 2020)

Abstract : The portable emissions measurement system(PEMS) has problems with expensive cost and complex
experiment process when the real driving emissions(RDE) test was carried out. Therefore, the development of the
sensor-based emission measurement system(SEMS) is necessary in order to conduct the RDE test because the SEMS is a
simple process with a low cost. In order to analyze the correlation between PEMS and SEMS, which were installed on a

diesel vehicle with LNT and SCR systems, the chassis and RDE tests were carried out. Moreover, the route was
developed in order to analyze the correlation according to altitude and acceleration condition. In the case of SEMS, the
exhaust flow is measured with the on-board diagnostics(OBD) data, such as mass air flow rate and fuel flow rate, because
it does not have an exhaust gas flow meter(EFM). Based on the results of the chassis and RDE tests, the correlation
analysis between PEMS and SEMS showed a high correlation when high NOy emissions were measured, i.e., the uphill
and urban section. In addition, the error of NOy emissions between PEMS and SEMS increased.
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Table 1 Specifications of test vehicle

Veh. 1

Model year 2018

Fuel Diesel
Regulation Euro 6d-Temp
Max. power 186 hp
Max. torque 32.6kg - m

After-treatment LNT+DPF+SCR

Curb weight 1,795 kg

Catalytic Reduction)©] &%}+%]
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Fig. 1 Schematic diagram of PEMS and SEMS installations
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Table 2 Specifications of SEMS and OBD data

Principle Range Logging
NOy Amperometric 0~1,500 ppm 0.1 sec
A at 100 ppm and 500 ppm (10 %)
ceurac;
Y at 0 ppm (£6 %)
. Exhaust temperature, Vehicle speed, Mass air flow
OBD signal
rate, Fuel flow rate---.

Table 3 Specifications of PEMS

2.4 RDE Z8 &2
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CcO Heated NDIR | 0~8 vol. % <2 %of
_ reading
CO Heated NDIR | 018 vol. % or Table 6 Trip summaries of RDE Route and UP-DOWN hill
NO NDUV 0~3,000ppm | £0.3 % of full and Local road
NO NDUV | 0~1,000 ppm |
2 i scale Urban | UP-DOWN hill | Local road
+ 0,
= Zd-A) of Trip distance (km) 29.35 32.75 33.87
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Exhaust Pitot flow 0~670 ke/h or Trip duration (min) 66.2 43.8 46.0
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scale Max altitude (m) | 96.17 465 103
Table 4 Specifications of chassis dynamometer Ao s AA| =2 F3ol A NO, W& F
— o 2 1191 Fhge] Qg wlaL BA8] 98] Alir
IZ(RPA, Relative Positive Acceleration)®} H|E2(Vxa,
CO Heated NDIR 0~2,500 ppm
— o Vehicle speed per positive acceleration) O = A 2]} Tl
CO; Heated NDIR 0~20 vol. % peed per p _
NO, CLD 0~35,000 ppm ©]3= 2015 2™ Packageol] A == 3 A|gle] 7t
e A ALet B2 02 A Holof sz A
& Alx) et gleh
oks}t AlLjol=2oc = )
23 Cig% duas=s RDEF0] 9014 7S mt Bhew) o] Alura
PEMSQ/}‘ SEMSZ_]_'Q/] ’2;‘3'1’_}/‘043 7_—@"6']-7] ‘?4-6]1 ngﬂ— q— U‘]Xi /\]}\]7]_0 =2 GPS 2T = % ‘:’6‘]—’7 ]—/]_o Al <=1
.o U= === = ora- h=3 —
NE mEE 71Ee) A U915 2 =1 NEDCS A - o e o

T thAlE WLTC 2ol o B2 F319] vl
< 317] 98] HWFET(ALE ==
&
Tl

HER, WLTC 28] 7§ 17k 2
SEREE :

o=

2
o
e

25 539

B
|

L

I o

), USo6(F7HH:
= F7H= FaEglth
T RAR I AE =

o F

Table 5 Summaries of test modes in laboratory

Mode Time Mileage | Avg. speed | Avg. accel
(sec) (km) (km/h) (m/s’)
NEDC 1,180 10.93 33.35 0.374
WLTC 1,800 23.27 46.46 0.391
HWFET 765 16.45 76.92 0.176
US06 596 12.80 72.84 0.605
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N, : total number of samples of the urban shares
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Verification Results of Trip Dynamics, RPA

Fig. 2 Comparisons of driving dynamics(Vx>a) and RPA
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A Correlation Analysis of NO, Emissions for Driving Condition between PEMS and SEMS Devices
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Table 7 Results of NO, emission

PEMS SEMS CVS
NOy Corr.

g/km g/km g/km
WLTC (Cold) 0.0649 0.0645 0.0689
WLTC (Hot) 0.0401 0.0530 0.0440
NEDC (Hot) 0.0479 0.0408 0.0523
HWFET (Hot) 0.0003 0.0013 0.0008
US06 (Hot) 0.2843 0.3279 0.2650

Table 8 Results of correlation tests for NOy emission

NOy CVS & PEMS | CVS & SEMS | PEMS & SEMS
Corr. % g/km % | gkm | % g/km
T
WLTC 6.17 | 0.004 | 6.84 | 0.004 | 0.63 | 0.001
(Cold)
WLTC
9.86 | 0.004 | 16.95 | 0.009 | 32.28 | 0.013
(Hot)
E
NEDC 9.14 | 0.004 | 28.26 | 0.012 | 14.91 | 0.007
(Hot)
HWFET
2109 | 0.001 | 35.61 | 0.001 | 382.8 | 0.001
(Hot)
US06
6.79 | 0.019 | 19.19 | 0.063 | 15.33 | 0.044
(Hot)

0.12 O cvsvsPEMSs () cvsusSEMS AN\ PEMS vs SEMS

0.04 |-

0.016
0.012 |--

0.008 |- -

NOx Emissions (g/km)

0.004 |---

Fig. 4 Correlation of Absolute value NOy emissions on
Portable Measurement Equipments(PEMS, SEMS)
and CVS equipment in laboratory test
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gk 7-31¢] 73-9- SEMS “dH] 7} PEMS “dHloll A S8 ==
NO, W&t} d A 8] 2 A 54 =Tt 53], NOs vl
E9Fo] ke el = 772 SEMS 1] 2] NO, vl
E%o] o = SAHEJTE o]i= UP hill T3kollA F2
WERE O™, NOy MiE%o] 5243 S7kske -9l 2
Aal= Aoz sard vba, No, #lEaFo] vl A
T2 7% SEMS A1) NO, HlEHE 002 =4

oo

Wilek B, AAIRE 7] ety
A3 A3} PEMS oA A
hill 7"kl 4] DOWN hill 7-FR.TF 2,744 2 53]
7} 57 = ek SEMS FH] ol A S5 No, vl E 2] 4
7 4.92vl = PEMS “gH| BT} O] 82 2fo] 7F vttt
o1& EU| & UP hill 7+7F2} DOWN hill -7+ol| 4] 2] 1]
F8(vxa)? RPAE #g3lo] = Aol S45=

i,
Z
P
=
iy
ot
rlo
c
=

192 33242383 =2 A29A 23, 2021

NOy W&ol 7] 2= &5 Fig. 99} Fig. 109 VER]
At

Fig. 8-> ALl A qllzl F-ale}l v &= o w7
H| €] NO, W&ol 2Fol & lsql o, Fig. 9+ A&
o] mE 7ol A €] NO, v & o] Afol& &
SFITh W3 A4 NO, WlE52] =l 7} =31 v}
AT NO, &2 Afol= At} zfoli= Ahigh
2 AXtE o] T3E 2, SEMS Hlo A SH 5=
NO, HiZ=%Fo] PEMS "ol A SH 5= NO, lE2H
th 52 A5 A A9 YeER ATk

A A o2 PEMS 4] 2] NO, #]&%0] SEMS “H]
o] NO, W& %S 3]stk UP hill F+7tol| A HAL:
uiZol] A &ro| A 2] =2 RPMo] U= S4E¢lom, o]
off I 7 e A] S E]= NO, EZe] 2tol= 5
7H8it}. T3 Fig. 994 = PEMS 1] 2] NO, wlj&ako]
SEMS “gH] 2] NO, M&ES /%] 319t DOWN hill
Zrol A AR 7o) gl Ao 2 FRlIsginh o] g o]

o e 2



78 SS40| G2 PEMS FH|ot SEMS FH|o] UAER 3 No, IS 42 24

Difference of NOx Emission (g/km)

PEMS - SEMS.

15 T T

! up l-!I|II . 17505

= 12| 1.6x10°
=
,g, 1.5x10°
= 9
@
] Lax10*
m
]
o 6|
- N
-] i
@ T
a. K
@ 3

0E 2 :

800 1200 1600 2000 2400

Engine RPM

Difference of NOx Emission (g/km)
PEMS - SEMS

Speed per accel. (W/kg)

800 1200 1600
Engine RPM

2000 2400

Fig. 8 Effect of vehicle speed per acceleration on NOy
emissions between PEMS and SEMS in UP- DOWN
hill route

Fr= Q7 F-8H7F UP hill T3ERT AL 218 Bl st
A TE whEbA] Q7] F-slol] o] alA] NO, Bl &
3| S7VEGS 7 oA S == NOk W=
A= S7FskE AS EIsith

sHAIRE, SEMS dHlollA] SA == NO, W&ol
PEMS 1|4 S == NO, &1} B 45
= TS ERIskit) o] dk A 7= UP hill2k DOWN
hille] AX Zo| w2 7} - o] WAsh= A H oA <l
7 e SR Ak 7F - 7 223 el] whE S ] 7
NO, Hi & & 2418 3.3 ol A o]ojA] A&} o),

oft

©

oy M
fo i 4y

3.4 7} 24 Z3 ZA0|A PEMS 2|9} SEMS
3| A 24
H o] o A= Local roadoll A 7}« 7H<4:2] o &k
2} PEMS “gH] €} SEMS 4] 71] NO, v =29] 74+
& #43817] 9180 SOFT driving(2<= F3)7 912491

=

Difference of NOx Emission (g/km)

PEMS - SEMS
15 : : T - - - -
Acceleration @ I : ; .
TR AR E i UP Hill 17x10°%
B 12f R TN R SROE SR SO O S .
E - I E of 1610
g - “ E ”ﬁ : 1.5x%10°
0e SPRPE JUH- TN PR
L] s o
[ - ! [s] i f .
.E . . __8_;_9__'1__8?_0__._ 05w 1.4x10
.g 0 '“ :g> 8 =
& 063 oy | ;
o
.5
7]
S 03
o

0.0
i}

Vehicle Speed (km/h)
Difference of NOx Emission (g/km)
PEMS - SEMS

T ———— T T T T
 Acceleration . L pown Hill

0.0

Relative Positive accel.(m/s?)
e o e - =
L > L N S
o:
=i R
R R
3 f o 29
T
- - - -
- w o el
- -
E E E B
s = 8 =

Vehicle Speed (km/h)

Fig. 9 Effect of vehicle acceleration on NOy emissions
between PEMS and SEMS in UP-DOWN hill route
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A Correlation Analysis of NO, Emissions for Driving Condition between PEMS and SEMS Devices

Table 9 Summaries of correlation analysis of NOx emissions
according to trip section

Urban Rural Motorway Total
Equation 1.069x 0.9599x 0.1433x
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