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Design and Analysis of Direct Action Solenoid Valve

LIU Qian-feng, BO Han-liang, QIN Ben-ke
(Key Laboratory of Advanced Reactor Engineering and Safety of Ministry of Education
Institute of Nuclear and New Energy Technology . Tsinghua University, Beijing 100084, China)

Abstract: Hydraulic control rod drive technology (HCRDT) is a newly invented patent
of Institute of Nuclear and New Energy Technology, Tsinghua University which owns
HCRDT’s independent intellectual property rights. The integrated valve which is made
up of three direct action solenoid valves is the key part of this technology, so the per-
formance of the solenoid valve directly affects the function of the integrated valve and
the HCRDT. The parameters of the direct action solenoid valve were designed and
analyzed using quadratic regression orthogonal experiment and complex method. The
result shows that the current influences the electromagnetic force of the direct action
solenoid valve most. Further more, the design parameters of the direct action solenoid
valve can be optimized by complex method.

Key words: control rod hydraulic drive system; solenoid valve; electromagnetic field;

quadratic regression orthogonal experiment; complex method
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Fig. 1 Model of solenoid valve
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Table 1 Table of factors
5 A
21 23 Z3 Z4 z5
TRR 60.00  0.00 0. 00 0. 00 0.05

R 120.00  30. 00 4.00  50.00 0. 35

AME T EHIA S AWK 10 MLH
W, T BE R Lis (29) IERR %, R 4R &2k,
R R 2~z 0 ZHEESE 1.2.4.8.15 31 .26
3.5.9.14.6.,10,13.,12,11.7 £ 545 4 43 5 &
ﬁ's Z1R%2%1%3%1%1%1%5 328332213225 33%4 ~
zy5 22 R B, KRR T3k 2, &
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Table 2 Coding of factors and levels

Mz

x;

pal 22 z3 B2 z5

b RS E (y=1.54) 120.00 30.00 4.00 50.00 0.35

K3 (D 109.39 24.70 3.29 41.16  0.30
E K 90. 00 15.00 2.00 25.00 0.20
TAKFEC—D 70.61 5.30 0.71 8.84 0.10

FTREESE(y=1.54)  60.00 0.00 0.00 0.00 0.05
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Table 3 Quadratic regression orthogonal experiment

T 21 22 23 2y 25 WG /N
1 109. 39 24.70 3.29 41.16 0. 30 246. 65
2 109. 39 24.70 3.29 8. 84 0. 10 95. 74
3 109. 39 24.70 0.71 41.16 0. 10 100. 75
4 109. 39 24.70 0.71 8. 84 0. 30 205. 6
5 109. 39 5.30 3.29 41.16 0. 10 30. 769
6 109. 39 5. 30 3.29 8. 84 0. 30 350. 21
7 109. 39 5. 30 0.71 41. 16 0. 30 95.4
8 109. 39 5.30 0.71 8. 84 0. 10 77.954
9 70. 61 24.70 3.29 41. 16 0. 10 36.52

10 70. 61 24.70 3.29 8. 84 0. 30 191. 12

11 70. 61 24.70 0.71 41.16 0. 30 48. 873

12 70. 61 24.70 0.71 8. 84 0. 10 104. 24

13 70. 61 5. 30 3.29 41.16 0. 30 56. 224

14 70.61 5. 30 3.29 8. 84 0.10 75.413

15 70. 61 5. 30 0.71 41. 16 0. 10 27. 441

16 70.61 5. 30 0.71 8. 84 0. 30 368. 69

17 120. 00 15. 00 2.00 25.00 0. 20 217.16

18 60. 00 15. 00 2.00 25. 00 0. 20 66. 29

19 90. 00 30. 00 2.00 25. 00 0. 20 154. 16

20 90. 00 0. 00 2.00 25.00 0. 20 297.22

21 90. 00 15. 00 4. 00 25.00 0. 20 267.92

22 90. 00 15. 00 0. 00 25.00 0. 20 292. 4

23 90. 00 15. 00 2.00 50. 00 0. 20 6. 44

24 90. 00 15.00 2.00 0. 00 0. 20 10. 72

25 90. 00 15. 00 2.00 25.00 0. 35 382. 37

26 90. 00 15. 00 2.00 25.00 0. 00 41. 85

27 90. 00 15. 00 2.00 25.00 0. 20 282.05
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Table 4 Optimized design parameters

SES E Ht B /mm WA T S/ mm Y% BS54 5/ mm S REABHS B/ mm AL/ A

x 0.71 —1.547 1. 547 0. 61 1. 547
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3.2 HRA W et

T FL 1 1 B BN W T O - L TG BR R B
gE P REMBHCE N 8. 84 mm LN 0.2 A
T B 2 7R 5 BRE 1R BE 4300 SR 60. 00 i
103. 75 mm WG o0 A . & 2 Al 2 5E
Bkt B BE Sk 103, 75 mm B, i T sh 60 TG
TIERB AR AL, T BB S T A2 LR D BE L R
71/ 201. 33 N 484k 2k 235.54 N, ik, Y4
HUE Bk i B2 R 103,75 mm B, HL#E ) (H

N

B2 AR oes e B T F R ) 2k 0 A
Fig. 2 Diagram of magnetic flux line
of solenoid valve with different heights of fixed spool
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Fig. 3 Diagram of magnetic flux line
of solenoid valve with different heights of contact face

a—0. 00 mm;b——30. 00 mm



710

BT REREHA ek

IR WA T A BE S 0. 00 mm B FL G T {H
A

R FCRIY R Ea ey L I Rt 3 S A RS X
DR B 5% B 25K R B 0D T R S B
Je) FEl 43 A 1 6 30 5 R 14 00 e G ) 46 R
W Y IOR Y 2 B 250 5 B2 O 4 mm B LG )
HEAE.

T L ) BROES R BE R 90. 00 mm, R
W4 T 5 B 24. 70 mm . JCIRIE 85 B 45 L H
WA 0.25 A TOL . B 4 78 5 Be S #E REHE
FE43 90 0 F 15. 11 mm BRE I R43 A . &
4 AT YA G B R LS5 AR B L R ) 2 A
SH8 R4 T £ P ) L 5 0Bl Bk A3 A Y Gl
R B R, PR BB 1 e 1200 23 NOAR Dy
204. 98 N, Y R RL2E S 38 i, i T 1%
AR T W T 2 R A A 2 e A T 3 BBk
O T Ak AN B W G T I Bl RS T A2
HLRE 0 BRI, PR U, Y RS G R R
15. 11 mm s}, B (B etk

K4 AR o> Be S b A R BE T o 1 IR 0 200 A
Fig. 4 Diagram of magnetic flux line
of solenoid valve with different lengths
of magnetic segment
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Fig.5 Diagram of magnetic flux density

of solenoid valve under different currents
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Fig. 6 Comparison of calculated and experimental
magnetic forces at different currents
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