’m Check for updates

Transactions of KSAE, Vol. 29, No. 9, pp.823-829 (September, 2021) Copyright © 2021 KSAE/190-03

pISSN 1225-6382 / eISSN 2234-0149
DOI http://dx.doi.org/10.7467/KSAE.2021.29.9.823

Analysis of CO and NOx Deviations Under On-road Driving Test of
Gasoline Vehicle with Three-way Catalyst

Jingeun Song" - Junepyo Cha™

USchool of Automotive Engineering, Kyungpook National University, Kyeongbuk 37224, Korea
?Department of Automotive Engineering, Korea National University of Transportation, Chungnam 27469, Korea
(Received 20 May 2021 / Revised 24 May 2021 / Accepted 24 May 2021)

Abstract : RDE has recently been adopted in emission tests in order to measure exhaust gases under actual driving
conditions. However, difference in driving routes and traffic conditions would cause deviations in the emission results. A
correction factor is applied to compensate for the deviations, but it does not work properly. Thus, CO and NOx deviations
were analyzed in the present study. Ten cases of on-road driving were conducted on three driving routes. CO emissions were
highly dependent on the coolant temperature and equivalence ratio. About 10 % of CO was exhausted during the cold start,
and the rich air-fuel mixture increased the CO emissions by more than two times. NOx emission was also strongly affected by
the equivalence ratio and catalyst temperature. About 15 % of NOx was exhausted when the catalyst temperature was low.
Oxygen saturation of the catalyst and high load condition were also the reasons for the NOx deviation.
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Table 1 Specifications of the test vehicle

Type Sedan
Engine 1.6 LT-GDI 14
Max. power 134.2 kW
Max. torque 264.8 Nm
Transmission 7-speed DCT
Emission regulation ULEV
After treatment Three-way catalyst
Overall width / height 1.865m/ 1.475 m
Mass 1,790 kg
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Fig. 1 On-road driving test route and altitude

824 HIASABAL =2 H20A AL, 2021

Distance [km1

Distance [km1



HAZOE FAst 71E2 2ASA A2 FY CO, NOx HiE T2t 24

Table 2 Trip information analysis

Urban Rural  Motorway Total

Route Distance 27.49km 34.84km 29.69km  92.02 km
A Duration 65.12min 26.18 min 16.25min 107.55 min

Route Distance 21.72km 21.30km 23.56km  66.59 km
B Duration 59.50min 17.42min 14.12min 91.03 min

Route Distance 29.56km 33.33km 36.15km  99.04 km
C  Duration 60.07 min 26.77 min 20.08 min 112.92 min
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Fig. 2 (a) CO, emissions under urban, rural, and motorway
driving and (b) correction factors for 10 test cases
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for 10 test cases
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Fig. 5 Engine torque calculated using WLTP speed profile
and vehicle specification

Table 4 Coolant temperature and catalyst temperature at
start; time and mileage required for the catalyst
temperature to reach 500 °C

Case Mileage [km] Increase of Equivailence Engine
number COlel ratio torque [Nm] Case Coolant Catalyst Time / Mileage
61.5 (Highway) 6.7 1.075 264.4 number temperature temperature @ 500 °C
2 66.9 (Highway)  10.7 1.099 260.6 1 36°C 352°C 145s/797 m
73.0 (Highway) 7.9 1.075 256.7 2 30°C 26.2°C 130s/637m
3 61.3 (Highway) 12.1 1.124 262.0 3 30°C 322°C 133s/699m
7  55.0 (Highway) 7.0 1.087 262.7 4 83°C 589.0°C -
40.1 (Highway) 6.7 1.064 245.8 5 88°C 539.8°C -
8 55.2 (Highway) 4.8 1.064 217.8 6 88°C 4358°C 32s/56m
51.2 (Rural) 45 1.031 234.7 7 85°C 304.7°C 38s/173m
9 789 (Highway)  23.8 1.176 243.5 8 81°C 250.6 °C 60s/226m
84.3 (Highway)  19.0 1.087 233.7 9 86 °C 477.8°C 17s/28 m
10 85.0 (Highway) 3.7 1.075 2329 10 96 °C 467.6 °C 16s/16m
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