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Study of Emission Reduction System for Small Motorcycles
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ABSTRACT

Recently, the emission regulations for small
motorcycles become severe in many countries every
year. Therefore, to control air-fuel ratio by high
accuracy, the emission decrease system for a small
motorcycle, which used fuel injection, was researched
based on four-stroke engine of displacement 100cm?®.
Fuel injection is controlled by two maps of injection
amount used properly according to the openings of the
throttle, the engine speeds, and intake pressure. In the
control, the peak value of intake pressure during opening
the inlet valve is maintained to lose the influence of big
pressure changes of the single-cylinder engine, and it is
used as the control index. Moreover, the O, feedback
control and the three-way catalyst systems were used to
purify exhaust emission, and a small fuel pump of power
saving type was developed to improve fuel economy.

In addition, the control system to obtain an excellent
startability by the kick-starter was also developed. By
adopting these developed systems, hydrocarbon was
decreased by about 1/30 of the regulation value provided
in the motorcycle emission regulation “Directive 97/24/
EC chapter 5 (EURO-1) in Europe, and the fuel
economy has improved by approximately 20% compared
to the base engine.
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Table 1 Current emission limits for motorcycles

CO THC NOx

(9/km) (g/km) (g/km)
EURO-1 (4 stroke) 13 3 0.3
Japan (4 stroke) 13 2 0.3
Tailand Level 4 4.5 3 (combined)
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Table 2 Targets emission

CO THC NOXx
(g/km) (9/km) (9/km)
Targets 0.67 0.08 0.08
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Table 3 Major specifications of test engine

Items Specifications
Bore x Stroke (mm) 50.0 x 49.5
Displacement (cmd) 97.2
Compression ratio 8.8
Valve system OHC 2 Valve
Max. power (KW / r / min) 5.32/8000
Max. torque (Nm/r/ min) 7.23/6 000
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Table 4 Fuel flow specifications of injectors

Developed | HONDA

Items Injector | VFR80OF

Dynamic Injection

quantity at 2 msec (mm¥stroke) 1.68 4.38
Static Injection quantity (cm®min) 107.5 248.5
Pintle nozzle 4-hole plate Air assist
] A
B
i g
é%
-:I_:: 3 .1""3‘.
SMD:125um SMD:95um SMD:40um
Measurement conditions: Fuel pressure: 250kPa
Assist air pressure: 26kPa
S.M.D: Measured by LDSA

Fig.4 Forms of injectors and Sauter’s mean diameter
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0 L L L L L L
0 20 40 60 80 100 120 140 ltems Spec.A | Spec.B
Fuel splay S.M.D (um) Substrate material 20Cr5 Al
Fia5 Emissi lts in LA-4 d Diameter (mm) 60 40
1g. miISssion results In -4 mode Length (mm) 20 90
Number of catalyst 1 2
63.0,00000ODODOD Volume of catalyst  (cm?) 254 226
0000dooOoobOo300booooooooon Substrate cell number (cpsi) 300
0000000,0000000000000000000 Wall thickness (um) 50
000000000000000000000000000 Precious metal PURh
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Table 6 Test results of ECE40 mode emission

CO THC NOx
(g/km) (g/km) (g/km)
Result 0.44 0.058 0.023
Targets 0.67 0.08 0.08

Table 7 Test result of fuel economy by ECE40 mode

Fuel economy (km/l)
Result 55.3
Base 45.0

Table 8 Test results of power performance

Maximum speed 0-200m
P Acceleration time
(km/h) (sec)
Result 87 13.95
Base 86 13.95
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