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Construction of prediction model for electromagnetic force on
high-speed solenoid valve of electric-controlled booster pump

WU Xin, YANG Kun, LIU Jinlin, NIE Tao, ZHOU Lei, ZENG Fanming
(College of Power Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract; In order to scientifically predict the electromagnetic force performance of the electric-controlled booster pump high-speed solenoid
valve for the ultra-high pressure common rail system, the response surface method was used to construct the electromagnetic force prediction model
to achieve efficient prediction and optimization of its performance. A three-dimensional finite element simulation model of the high-speed solenoid
valve for the electric-controlled booster pump was established and verified by experiments. Based on the idea of experimental design, key factors
such as drive current, working air gap, armature thickness, number of coil turns, main magnetic pole radius, and orifice radius were selected. 54
sets of sample points of electromagnetic force numerical test research program were developed through the response surface method. The
electromagnetic force prediction model was constructed. After R test, and the simulation test verifies that the electromagnetic force prediction model
has a maximum error of 1.3% , indicating that the model can accurately predict the electromagnetic force of the electric-controlled booster pump
high-speed solenoid valve and provide a theoretical basis for the design and optimization of the ultra-high pressure common rail system control
system.
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Tab.1 Main technical parameters of ultra-high pressure

common rail system
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Fig. 1 Structure of ultra-high pressure

common rail system
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Fig.2 Structure principle of electric-controlled booster pump

V xE=-9B/dt (2)
vV - B=0 (3)
V xH=j,+aD/ds (4)
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Fig.3 Electromagnetic force simulation model of solenoid valve
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Fig.4  Structure diagram of solenoid valve

electromagnetic force test bench
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Fig.5 Comparison curve of electromagnetic force simulation

value and test value with current variation
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Tab.3 Factors and levels of test
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KB/ A X, 5.12.5.20
LAEA B/ mm X, 0.1.0.2.0.3
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F#E A2/ mm X 6.6.8.9.4
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Tab.4 Significance test of regression coefficient
Ty 22K -5 F HiBE ¥or FAg P{H M
e 1. 895 x 10° 27 7019.71 60. 95 0. 000 1 * ok ok
X, 57 379.71 1 57 379.71 498.20 0. 000 1 * %
X, 30 144. 05 1 30 144. 05 261.72 0. 000 1 ® %
X, 23 200. 31 1 23 200. 31 201. 44 0. 000 1 5 %
X, 28 544. 12 1 28 544. 12 247. 83 0. 000 1 ® %
X, 13 112. 66 1 13 112. 66 113.85 0. 000 1 w % %
X, 19 093. 41 1 19 093. 41 165.78 0.000 1 ® % %
XX, 80. 99 1 80. 99 0.703 2 0.409 3 *
XX, 1129.35 1 1129.35 9. 81 0.004 3 ok
X, X, 356. 74 1 356. 74 3.10 0. 090 2 *
X, X, 291. 53 1 291. 53 2.53 0.123 7 *
X, X 836. 20 1 836. 20 7.26 0.0122 .
X, X, 297.76 1 297.76 2.59 0.1199 *
X, X, 322.75 1 322.75 2.80 0.106 1 *
X, X, 7.89 1 7.89 0. 068 5 0.795 6 *
X, X, 123.07 1 123.07 1.07 0.310 8 *
XX, 333.94 1 333.94 2.90 0.100 5 *
X, X 2 087. 06 1 2 087. 06 18. 12 0. 000 2 w % %
X, X, 24,57 1 24,57 0.213 3 0.648 0 *
X, X, 156. 68 1 156. 68 1.36 0.254 1 *
X, X 81.78 1 81.78 0.710 0 0.407 1 *
XX, 1525.87 1 1525.87 13.25 0.001 2 .
X 2 642.20 1 2 642.20 22.94 0.000 1 ® %
X2 755. 56 1 755. 56 6. 56 0.016 6 .
X; 98. 95 1 98. 95 0.859 1 0.362 5 *
xX; 656.79 1 656.79 5.70 0.024 5 .
X 7 615.00 1 7 615.00 66. 12 0. 000 1 w % %
X 257.93 1 257.93 2.24 0.146 6 *
= 2 994. 54 26 115.17
A DI 2994, 54 21 142. 60 0.126 1 0.999 9
alipRIE 17 994. 68 17 1 058. 51
eyl 1.925 x 10° 53

VE: ¢ ¢ % R MR 0. 001 KT (P<0.001) 5  * F275 BB HEAE 0. 05 7KT(0. 001 < P<0.05) 3 * FERAHE(P>0.05) .
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Fig.7 Normal residual plot

®6 MAUSHETHEHERILL

Tab.6 Comparison of predicted and simulation results

X, /A X,/mm X,/mm X, X,/ mm X,/ mm /N fFE/N  MXHRZE %
15 0.25 2.5 60 9.2 1.0 166. 34 168. 60 1.3
15 0.25 3.0 65 9.0 1.5 172.87 174.92 1.2
15 0.25 2.5 60 9.2 1.5 145.52 144.22 0.9
18 0.22 3.0 65 9.0 1.5 198. 84 197. 66 0.6
18 0.22 2.5 60 9.2 1.0 186.95 188.77 1.0
18 0.22 3.0 65 9.0 1.0 228.21 226.48 0.8
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