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A Study on the Design and Analysis of a Voice Coil Linear Force
Motor for Hydraulic Valve
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Abstract: The voice coil linear force motor is a kind of a direct drive motion device that uses a permanent
magnetic field and coil winding to produce force. In order to design a voice coil linear force motor, an exact
calculations of the required force, the flux density in air gap and the flux pathway are needed. A conventional
method can be used usually to calculate the flux density in air gap, but with this method it is needed to find
a magnetic circuit revision constant. In this paper a voice coil linear force motor is designed by conventional
design method and analyzed by 3D simulation program "Flux". For the prototype linear force motor, the results
of the calculated by conventional design method and the analyzed by 3D simulation program are compared
with the test result. Finally it is showed that the magnetic circuit revision constant which is found by
comparing of the analyzed and the measured data can be used for the design of the voice coil type linear force

motor to minimize the trial and error.

JE MY
A, coil cross-section area, mm’
A, :air gap cross-section area, mm’
A,, : permanent magnet cross-section area, mm’
B, : air gap magnetic flux density, T
B, : remain magnetic flux density, T
k : magnetic circuit revision constant
F,  : average thrusting force, N
F . : maximum thrusting Force, N
F;, : minimum thrusting Force, N
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&  Communication

K : thrust constant

K @ counter electromotive force constant
N : Number of Turns

V.

., . input voltage, V

0 : air gap length, mm

dy, : coil bobbin external diameter, mm
d,,; : magnet internal diameter, mm

d,,, : magnet external diameter, mm
d,, : plunger external diameter, mm
d,; : yoke internal diameter, mm

d,, : yoke external diameter, mm

hy, : coil bobbin height, mm

d, : coil bobbin diameter, mm
h, : yoke height, mm

I, : coil bobbin length, mm

h

d

: magnet internal height, mm

m

: coil diameter, mm

(&

by - permanent magnet permeability
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Force, stroke, permanent
magnet, air gap

Cal. of Amp. turn from flux
density

| Cal. of flux density in air gap |

* Cal. of cross sectional area of
coils

| Cal. of yoke thickness |

Correction of core thick. and
flux density

| Finished |

| Conform. of magnetic circuit |—

Fig. 1 Design sequence of a voice coil linear
force motor.
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Fig. 3 Equivalent circuit of a voice coil linear
force motor
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Table 1 Desired specification

Rated Voltage DC 24 [V]
Max. Stroke +0.75 [mm]
Rated Current 3.0 [A]
Thrusting Force 60.0 [N]
Step response 30ms
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Fig. 4 Cross sectional drawing of the voice coil
linear force motor in design



Table 2 The dimensional values in design

Mark Item Value[mm]
A | Inner Diameter of Permanent magnet 44
B Height of Permanent magnet 8
C Length of Permanent magnet 27
D Length of Air gap 3.85
E Outer Diameter of Cylinder 36.3
F |Outer Diameter of Permanent magnet 60
G Outer Diameter of Force Motor 70
H Length of Force Motor 54
I Length of Yoke 62

Table 3 The other design values

Item Value

Number of Coil turn 330
Diameter of Coil 0.41 [mm]
Diameter of Bobin 37.7 [mm]
Length of Bobin 29  [mm]
resistance of Coil 4.71 [ohm]
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Fig. 5 Flux density of the voice coil linear force
motor in design
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Table 4 The data of thrusting forces

Current Thrusting Force [N]
[A] Measurement | Analysis | Calculation
0.5 8.6 10.5 10.37
1.0 19.0 21.44 20.79
1.5 30.3 32.38 31.13
2 39.8 43.32 41.58
2.5 50.3 54.24 51.87
3 60.4 65.12 62.38
70
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g
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o Calculation
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o 0.5 1 15 2 25 3
10 current[A]

Fig. 8 Curves of the calculated, analysed and
measured data of the thrusting forces
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