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Summary

As internal combustion engines emitting low COs, diesel engines have expanded the market share
mainly in Europe. At the same time, aiming to control air pollution caused by NOx, NOx reduction
technologies have been actively developed. As the gap between the contents and reality of the long-time
used NEDC was indicated in Europe, RDE regulation came into force in September 2017 in addition to
the WLTC. The 2012 SKYACTIV-D 2.2 adopts a low compression ratio and efficient supercharging
technology as key-enablers to realize strong and expansive acceleration, class-top fuel economy and clean
emissions without the after-treatment system of NOx. This paper reports on the NOx reduction
technology and a model-based development process to achieve further low emission, and SCR model

constructed to realize the model-based development.
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Table 1 Emissions Regulation in Europe
2016] 2017 | 2018 | 2019 2020 | 2021 2022
Standard Euro 6¢ Euro 6d-TEMP Euro 6d
Test Cycle NEDC WLTC/RDE
NOx Standard
(k) 80 80/168(CF2.1) 80/114(CF1.43)

Air Temp. 2515 3~30 (Moderate) 0~30 (Moderate)
(degC) -2~below 3, 30~35 (Extended) | -7~below 0, 30~35 (Extended)
Altitude _ 0~700m (Moderate)

(m) 700~1300m (Extended)
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Fig. 2 Raw NOx Potential of New Engine
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Fig. 4 Model Based Development Image
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Fig. 5 Simulation of Urban NOx with Function Target
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Table 2 Experiments on Synthetic Gas Test Bench

Experiment Feed gas composition Temperature SV
" 100/200/300°C 15k/48k/
0, 0,
NHs adsorption |200ppm NH3, 0%/7% H,O heat up to 600°C |120k h't
L 100ppm NO, 10% O,, o 1
NO oxidation 180 to 500°C 48k h
7% H,0
200ppm NHgz, 10% Oy, o }
NH; oxidation ppm N, 1076 2 10010400°C |48k h
7% H,0
. 200ppm NH3;, 100ppm NOy,
NOy reduction 10% Oy, 7% H,0 l40£180/220/ 48k ht
steady-state ) 300°C
with NO,/NOx=0/0.25/0.5
NO, reduci 200ppm NHg;, 200ppm NOy,
X EAUCHON 19 50 0, 79% H,0 10010 400°C  |48K/120k h'™
temp. step .
with NO,/NOx=0/0.25/0.5
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Fig. 6 NH3 Adsorption and Desorption Model Accuracy,
without H20 (left) and with H2O (right)
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Fig. 7 NH; Adsorption and Desorption Model Accuracy
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Fig. 8 NOx Reduction with NH3 Oxidation Model,
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Fig. 10 Double Layer Sheet Metal Housing Technology
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Fig. 11 Improvement of NO Oxidation on DOC
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Table 3 SCR Catalyst Specifications

Catalyst A Catalyst B
Doped Metal Metal A Metal B
Zeolite Structure | Structure Il

I I I I I I
——Catalyst A NO, /NOx ratio 0% Hydrothermal Aged Condition ‘
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1 | |
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Fig. 12 Comparison of NOx Conversion Characteristics
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Fig. 14 HC Influence to NOx Conversion
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