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Optimization on Integrated Performance of Solenoid Valve in Fuel
Evaporation System Based on Orthogonal Design
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Abstract; The rapid prosperity of automotive market in China poses serious environmental problems.
Therefore, combustion emissions such as NO_ and soot draw much attention in recent years. However, in
addition to them, fuel evaporation emissions account for large proportion of pollution from automobiles.
The fuel evaporation control system in the gasoline-engine vehicle effectively inhibits the fuel vapor
emission, which is beneficial to both pollution reduction and improvement of heat efficiency. Solenoid
valve is one of the key parts in the fuel evaporation control system. It can accurately control the mass of
gasoline vapor which strip out from the carbon canister by opening or closing the solenoid valve and
ensure the smooth operation of the gasoline engine. Dynamic response characteristics of the solenoid valve
have an important influence on the capacity of inhaling gasoline vapor into the intake manifold, thereby it
attracts much attention. Actually, due to advantages such as structural simplicity, rapid action, low
manufacturing cost and low energy consumption, solenoid valves are widely used in machinery, vehicle,
aerospace and other industries. The effects of coil number of turns, wire diameter, core materials and
armature mass on the response behavior, impact noise and energy consumption were explored by means of
the software Ansoft Maxwell and orthogonal design method. Finally, optimization on the integrated
performance of the solenoid valve was achieved to get the best comprehensive performance.
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Fig.1 Structure diagram of fuel evaporation system
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Fig.3  Simplified model of solenoid valve
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Tab.1 Detailed structure parameters
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Tab.2 Factors and levels
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Tab.3 Orthogonal design and simulation results
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Tab.4 Range analysis of opening time
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Tab.5 Range analysis of armature acceleration

i H Gk
A B c D
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Tab.6 Range analysis of power dissipation
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Fig. 11  Relationship of all levels and power dissipation
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Tab.7 Comprehensive index for each scheme
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