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Development of NOx Reduction System Based on Exhaust Valve Controls for Use in Small
Motorcycle Engine
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ABSTRACT

An internal EGR system was devised that opens and
closes an exhaust valve dlightly at the beginning of the
compression stroke, or between the end of the intake
stroke and the beginning of the compression stroke.
When this valve timing is used, the fresh air-fuel mixture
charging rate shows practically no decrease because the
action occurs when the intake stroke is more or less over.
Sufficient burnt gas for NOx reduction rapidly flows into
the cylinder because the in-cylinder pressure is negative.
The thermal energy and turbulence kinetic energy of the
burnt gas activate the air-fuel mixture in the cylinder.
Therefore, this system does not require variable valve
timing, and it was designed to use a solenoid to operate
an EGR cam that is located on the same shaft as the
exhaust camshaft. As a result, the system achieved
favorable drivability while reducing NOx by
approximately 50% and reducing CO by approximately
20% in the Euro 3 driving mode. Significant reduction
of NOx also enabled a reduction of approximately 70%
in the catalyst volume needed to satisfy Euro 3 exhaust
emissions standards.
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Table 1 Engine specifications

Items Specifications
Engine type _ 4-strokel]
Single-cylinder
Cooling type Liquid cooled
Bore x stroke (mm) 50.0 x 55.0
Displacement (cm®) 108
Compression ratio 11.0
Valve train SOHC
Inlet $25.5x1
Valve diameter (mm)
Exhaust $21.0x1
Max. power (KW/r/min) 6.6/7500
Max. torque (Nm/r/min) 9.3/6 000

Rocker arm

Adjust screw

Link

Fig. 1 EGR cam actuation mechanism
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Fig. 2 Exhaust valve lift curves during actuation of
EGR cam
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Fig. 3 Pressure applied to each part when EGR cam

is in OFF and ON state
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Fig. 8 CFD analysis of turbulence kinetic energy
around spark plug
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Fig. 9 CFD analysis of average turbulence kinetic
energy in cylinder
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Fig. 11 CFD analysis of in-cylinder temperature
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Fig. 12 Exhaust valve lift curves by difference in
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Fig. 14 NOx reduction rate by difference in actuating
timings of EGR cam
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Effect of EGR and catalyst volume reduction on COLC
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Fig. 22 Catalyst volume reduction effect by
developed system in Euro 3 driving
mode
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