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Analysis of Electromagnetic Field of Direct Action Solenoid Valve
With Current Changing

LIU Qian-feng, BO Han-liang, QIN Ben-ke
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Institute of Nuclear and New Energy Technology , Tsinghua University, Beijing 100084, China)

Abstract: Control rod hydraulic drive mechanism (CRHDM) is a newly invented patent
of Institute of Nuclear and New Energy Technology of Tsinghua University. The direct
action solenoid valve is the key part of this technology, so the performance of the
solenoid valve directly affects the function of the CRHDM. With the current and the air
gap changing, the electromagnetic field of the direct action solenoid valve was analyzed
using the ANSYS software, which was validated by the experiment. The result shows
that the electromagnetic force of the solenoid valve increases with the current increasing
or the gap between the two armatures decreasing. Further more, the working current
was confirmed.
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Fig. 1 Structure of solenoid valve
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Table 1 Magnetic force of action iron under different conditions
AN TR SR B Conen) T P T 225 44 70 A9 18T 245 449 19 L1 0 /N
/A 3.0 mm 2.5 mm 2.0 mm 1.5 mm 1.0 mm 0.5 mm 0. 25 mm
#m o P Mmoo P Atm Fm #hm Pm fm Pim Mmoo CPm Alm P
0. 05 6.61 9. 44 7.43 8. 89 8. 20 8. 50 9.32 9. 66 10.97 11.74 13.06 19.14 14.63  30.08
0.10 26.43 30.81 29.72 30.72 32.81 33.01 37.29 41.21 43.91 55.05 52.24 89.04 58.47 127.14
0.15 59.291 62.23 66.56 66.21 73.32 75.19 83.01 96.62 97.109 142.51 114.36 214.6 126.92 300.01
0. 20 103.33 104.37 115.22 115.47 125.75 141.52 140.06 174.8 158.82 241.12 178.42 377.47 191.68 498.37
0. 25 158.44 156.32 154.52 177.19 173.91 209.22 187.87 269.36 204.74 360.51 221.26 517.25 233.12 638.07
0.29 181.14 197.32 186.66 232.75 203.45 273.29 213.16 343.3 229.3 441.61 247.89 598.84 258.5 720.31
0. 33 200.17 258.16 200.18 287.67 236.77 340.05 235.35 407.35 252.4 500.11 278.56 673.38 278.85 780.92
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Fig. 2 Diagram of magnetic flux density
of solenoid valve under different currents
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Fig. 3 Diagram of magnetic {lux density

of solenoid valve under different gaps
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Fig.4 Distribution of magnetic flux line
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of solenoid valve under different conditions
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Fig. 5 Comparison of magnetic forces
from calculation and experiment

under different conditions
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