Transactions of KSAE, Vol. 30, No. 8, pp.629-634 (August, 2022)

1.0 T-GDI X{29| NMOG+NOx Azt
A2 z|Asto| o2 HiEItA S

’i) Check for updates

Copyright © 2022 KSAE /201-03
pISSN 1225-6382 / eISSN 2234-0149
DOI http://dx.doi.org/10.7467/KSAE.2022.30.8.629

|0

oyt

=2

Agar.gza
SIRASAATY AZY - OFHATME" - FHOIZNSI D ADIE e-2tS ALY

A Study on Emission Characteristics of 1.0 L. T-GDI Vehicle by
Catalytic Converter and Engine Optimization for Reducing NMOG+NOx

Rakmin Kim"

- Kyungjin Ryu™

YReliability -Safety R&D Center, Korea Automotive Technology Institute, 303 Pungse-ro, Pungse-myeon, Dongnam-gu,
Cheonan-si, Chungnam 31214, Korea
Y Department of Smart E-automobile, Yeungnam University College, Daegu 42415, Korea
(Received 21 February 2022 / Revised 21 March 2022 / Accepted 10 May 2022)

Abstract : In cold start condition, the catalyst and engine control method of T-GDI engine vehicle have direct impact on
NMOG(Non Methane Organic Gas) and NOx emission. Results of testing three types of catalysts with similar material
properties showed that the two-stage structure was more effective. However, NMOG and NOx emission from the exhaust gas
using existing catalyst more than doubled compared to the SULEV30 regulation. In order to reduce the NMOG and NOx
values, an improved specification catalyst with component adjustment was developed by which NOx could be reduced by

20 % compared to the exhaust gas before the catalyst activation proceeded in the cold starting process. CH(Catalyst Heating)

mode control and engine intake/exhaust cam were adjusted to optimize engine control at cold start condition. In the case of

the CH mode, the operating time was optimized, and the engine cam was adjusted to increase the initial exhaust temperature.
The improved catalyst and optimized engine start-up emission reduced NOx by 48 % and HC by 65 %.
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Table 1 PROCONVE L6 (Brazil emission regulation)

1dl
. ® | co | THC |[NMHC| NOx |HCO| PM
Tier | Date | CO

%Vol g/km

P AN.
roconve JAN- 1 5o | 2.0 | 030 | 0.16 | 025 | 0.03 | 0.05

L4 | 2007

p JAN.

roconve 0.50 | 2.0 | 0.30 | 0.05 | 0.250.02 | 0.05
L5 | 2009

P .

roconve| JAN-1 550 | 13 | 030 | 0.05 | 0.05 | 0.02 0.025
L6 | 2013

Table 2 LEVIII emission standards and PROCONVE L7

Emission | NMOG+NOx| €O | HCHO | PM
category g/mi gmi | Mg/mi | g/mi
ULEV 125 0.125 2.1 4 0.01
Procon: 24
OIC; ve 0.12 6 | Stomy | 0
ULEV 70 0.070 1.7 4 0.01
ULEV 50 0.050 1.7 4 0.01
SULEV30|  0.030 1.0 4 0.01
SULEV20|  0.020 1.0 4 0.01
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Fig. 1 Chassis dynamometer test
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Fig. 2 FTP-75 Cycle (Emission certification)
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Fig. 3 Chassis dynamometer and emission measurement system
configuration
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Table 3 Catalytic converter geometrical characteristics

Model 1 Model 2 Model 3
Type 2-brick 1-brick 1-brick
Size
92x59, 87 118x109 105x115
(D x L, mm) ¢ ’ ¢ ¢
Volume (cc) 970.6 1192.0 995.8
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Fig. 5 SEM measurement results of Model 1-3

Table 4 Composition table

Contents Model | Model 2 | Model 3
Upside | Downside
(0] 53.33 61.41 53.11 57.34
Mg 0.51 0.40 5.30 1.44
Al 8.52 19.71 12.14 19.26
Si 0.91 0.99 1.29 3.05
Rh 0.00 0.00 0.00 0.00
Pd 1.63 0.81 0.68 0.00
Pt 35.1 16.67 26.98 19.91
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Fig. 6 CO Emission trend on FTP-75 cycle (Model 1-3)
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Fig. 7 Emission result comparison with SULEV30 (by catalytic
converter model)
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Fig. 8 CO, NOx Emission trend (0-300 sec, FTP-75)
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Fig. 9 Prototype catalytic converter for SULEV30 (Model 4)
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Fig. 10 Engine cam-sweep example on FTP-75 cycle (model 4)
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