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Development of Integrated Fuel Injection System for Small Sized Motorcycles
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ABSTRACT

Demands for reducing exhaust emission and
enhancing fuel economy have been increasing in
accordance with growing concerns regarding global
environmental issues. An electronically controlled fuel
injection system which precisely controls the air-fuel
ratio has been adopted to effectively meet the demands.
Technologies for miniaturizing and achieving a high-
efficiency system have been established for fuel
injectors, the fuel pump and ECU (Electrical Control
Unit). For the fuel injector, a spray form and magnetic
circuit was optimized through computer simulation. As
the result, a fuel injector with good installation ability
for engine displacements ranging from 50 cm?® to 900
cm?® was realized. For the fuel pump, the maximized
motor efficiency along with an optimized pump rotor
shape reduced current consumption by 25%. For the
ECU, the development of a circuit-integrated custom IC
and the standardization of a housing achieved a compact,
light, inexpensive design.
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Fuel return hose

Fig. 1

Fuel supply system of 2003 Wave125i
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Table 1 Major specifications
2003 Wave125i 2005 Wave125i
Engine type Air-cooled 4-stroke SOHC Air-cooled 4-stroke SOHC
Bore x Stroke mm 52.4 x 57.8 52.4 x 57.8
Displacement cm?® 124.9 124.9
Engine Compression ratio 9.3 9.3
Throttle body Keihin GQ20 Keihin GQ22
Max. output kW/ r/min 6.75 /7500 6.75/7500
Max. torque Nm/ r/min 9.74 /5500 9.74 /5500
Fuel supply system In-tank return In-tank return-less
Fuel pump Keihin Keihin (Carbon conmitator)
Fuel system Fuel pressure kPa 250 294
Fuel feed hose FKM (¢6) Resin (¢2.5)
Injector Denso C-3 Keihin type 7
ECU (Electrical Control Unit) (Integratedﬁgl?mottle body) Keihin
Throttle position sensor Alps Alps
Electric Manifold pressure sensor Fuji Fuji
Air Temperature sensor Shibaura Shibaura
Engine temperature sensor Denso Matsushita
Ignition coil MPO06 MP33
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Fig. 4 Schematic of fuel injection system
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Table 2 Specifications of injector

Immovable core

Movable valve

2003 Model 2005 Model
Number of nozzle 4 4
Dynamic flow rate (2 msec) | 1.73 mm¥/st 2.12 mm¥/st
Static flow rate 90 cm®¥min 78.8 cm®/min
Spray form 1 Jet 12 deg 1 Jet 15 deg
S.M.D 120 um 72 um
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Fig. 6 Simplification of plunger stopper system
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Fig. 7 Optimization of magnetic circuit
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Fig. 9 Comparison of fuel feed pump size
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Table 3 Specifications of fuel pump

2003 Model 2005 Model
Fuel pressure 250 kPa 294 kPa
Flow rate 17.7 L/h 16.5L/h
Current 1.0A 0.95 A
Pump type Turbine Turbine
Motor type DC motor DC motor
Magnet type Ferrite Neodymium
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Table 4 Specifications of fuel filter

2003 Model 2005 Model
Filtration area 25 cm? 65 cm?
Filtration density 30 um 90% min| 10 um 95% min
Max. diameter of pass 35 um 10 um
Life performance
(Presgure loss by 3 grams in dust) 1.2kPa 0.6 kPa
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Table 5 Demands and pllications for small
motorcycles’ ECU

Sensor/Device \(l-vr%\;ﬁ a1r12c?)i (sEfj?g;t)E:)
Throttle position sensor Yes Yes
Manifold pressure sensor Yes Yes
Air temperature sensor Yes Yes
Engine temperature sensor Yes Yes
Oxygen sensor — Yes
Crank pulse sensor Yes Yes
Speed sensor — Yes
Side-stand switch — Yes
Neutral switch Yes Yes
Injector Yes Yes
Ignition coil Yes Yes
Fuel pump relay Yes Yes
Power relay control — Yes
Oxygen sensor heater — Yes
Exhaust air induction — Yes
Positive crankcase ventilation — Yes
Fan control — Yes
Idle air control valve — Yes
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Fig. 14 ECU board for small motorcycle
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