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Abstract: In order to solve the problem that the opening response and the closing response of solenoid
valve cannot be improved synchronously, a high—speed solenoid valve based on the energy recovery principle is
proposed, which adopts a special high—stiffness return spring that has a small gap with the armature. It decouples
the sealing force and the closing force. The kinetic energy of the armature is converted into the elastic potential en-
ergy that accelerates the armature closing process without affecting the opening process. Based on the analysis of
the working principle of high—speed solenoid valve, its transient characteristics were simulated by Ansoft Max-
well and the switching response characteristics with different structural parameters were tested. The presence of
both the high stiffness return spring and its gap & could shorten the closing time by about 6ms, while the opening
time is only extended by 0.3ms. The switching time can be controlled within Sms and has more than 1 million
switching times.
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Fig. 1 Structure diagram of the high-speed solenoid valve
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Fig.2 S-shape spring
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Fig.3 Moving process of the high-speed solenoid valve
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Fig. 6 Simulated current curve with different &,

Table 1 Simulated response time with different k,

8/mm kp/(N/mm) t,/ms I,/ms
0.05 60 4 3.3
0.05 50 4 3.7
0.05 40 4 4.1
0.05 30 4 4.6
0.05 20 4 5.2
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Fig. 7 Simulated current curve with different o

Table 2 Simulated response time with different o

Voltage/V 8/mm 1,/ms 1,/ms
28 No return spring 4.0 7.2
28 0.10 4.0 6.1
28 0.05 42 3.4
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Fig. 8 Prototype of the proposed solenoid valve
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é No return spring 2.20 10.90
5 a0 0.10 2.75 8.35
5 32
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Fig. 9 Current curve with different offsets and voltages
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