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Compact Magnetic Solenoid Valves Using a Composite Magnetic Material
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A composite magnetic material has been developed with the aim of miniaturizing magnetic solenoid

valves. The material is such that both ferromagnetic and paramagnetic sections coexist within a

single material, and can contribute to optimization of the magnetic circuit of a solenoid valve. This

composite material exhibited superior properties, having a magnetic flux density B40 (Induction at H

of 4000A/m) of 0.8T in the ferromagnetic section, and relative permeability gr of 1.01 in the

paramagnetic section. The application of this material to a solenoid valve for ABS could reduce by

approximately 209 volume.
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Fig.1 Actuator for ABS (Antilock Braking System)
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Table 1 Chemical compositions of steels for pre-test

No. o] Si Mn Ni Cr N Heq
1 0.012 0.30 0.52 8.32 17.45 0.0018 20.5
2 0.023 0.30 0.50 8.39 17.58 0.0025 20.7
3 0.050 0.29 0.51 8.36 17.70 0.0033 211
4 0.030 0.10 0.50 8.34 17.84 0.0028 20.9
5 0.029 0.46 0.48 8.41 17.70 0.0042 21.0
6 0.031 0.86 0.51 8.33 17.91 0.0034 21.2
7 0.030 0.32 0.12 8.76 17.68 0.0011 20.9
8 0.031 0.31 0.79 8.38 17.72 0.0031 21.2
9 0.031 0.30 0.51 8.01 17.68 0.0028 20.5
10 0.030 0.29 0.51 8.17 17.90 0.0044 20.8
1 0.029 0.30 0.50 8.67 17.99 0.0036 21.4
12 0.030 0.28 0.50 8.37 17.23 0.0032 20.6
13 0.031 0.29 0.50 8.40 17.40 0.0022 20.7
14 0.031 0.29 0.52 8.37 18.32 0.0037 21.3
15 0.032 0.29 0.51 8.32 17.98 0.0120 211
16 0.032 0.29 0.50 8.35 17.98 0.0190 211
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Fig.5 Variation of Magnetic Properties as a func-
tion of Heq (Hirayama's Ni eqvivalent)
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Table 2 Chemical compositions of steels examined (wt%)

C Si Mn Ni Cr N Heq
0.028 0.17 0.43 8.20 17.75 0.0017 20.6
0.038 0.23 0.52 8.45 18.11 0.0015 21.3
0.038 0.28 0.55 8.75 18.19 0.0017 21.8
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Table 3 Magnetic properties and Ms temperature
of composite magnetic sleeves

Heq B40(T) ur IMs(°C)
20.6 0. 38 1.007 -110
21.3 0. 60 1.012 -105
21.8 0. 80 1.020 -90
Target value for >0 3 <i 2 <-40

sleeve of ABS valve

» B40 of ferromagnetic section is measured after press
forming
- ur and Ms of paramagnetic section are measured

after induction heat treatment
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Fig.11 Schematic view of ABS magnetic solenoid valve

Table 4 Comparison of ABS magnetic solenoid
valve performance

Sleeve material
Composite .
. Paramagnetic
magnetic material
material
Quter diameter of ABS
magnetic solenoid valve $19 ¢ 24
(mm)
Coil ampere turns 220 452
(A-turns)
Magnetic force (N) 30 30

» Composite magnetic material has Heg of 21.3%
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