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Design of Magnetic Circuit with Minimum Leakage Using Response Surface
Methodology
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Abstract: This paper focuses on the design of microspeakers with minimum flux leakage, for use in
radiotelegraphy. The response surface methodology (RSM) is applied as the optimization technique for
obtaining a large magnetic force and a small flux leakage on diaphragm. The object functions of this
optimization are the magnetic force and the flux leakage along three factors; pole piece thickness, magnet
grade and yoke thickness, which are determined by the design of the experiment. The magnetic force and the
flux leakage are calculated for each condition and optimized by results evaluated with RSM. For a pole piece
thickness of 0.9 mm, a magnet grade of N42H and a yoke thickness of 0.75 mm, the magnetic force is
satisfied as initial model and flux leakage is decreased to 11.8% than initial model.
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Table 1 Material property of magnet

o] &3 AATAE H23 AA 29

Table 3 Design factor

Br(residual magnetism)| He(coercive force)
Grade
[T] [kA/m]
N33H 1.167 898
N38H 1.234 950
N42H 1.3 1000

Table 2 Coil specification

Coil Diameter [mm] | Resistance [Q] Turns

20.07 7.3 31.15

Measurement position of Fiux Leakage

Fig. 4 Measurement points of flux leakage
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Factor Level

Pole piece thickness [mm]| 0.4 0.65 0.9

Yoke thickness [mm)] 0.6 0.7 0.8

Magnet grade N33H | N38H | N42H
Coded values -1 0 1
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Fig. 5 Results of flux leakage
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Table 4 Design of experiment
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Pole
Run | | Magnet| Yoke | Force | Leakage
iece
order P ) grade | thick | [mN] [mT]
thick
1 1 -1 -1 104.1 24.57
2 0 -1 0 111 32.87
3 0 0 0 113.9 34.88
4 0 0 1 116.5 36.46
5 1 1 -1 112.6 26.79
6 1 -1 1 112.1 26.43
7 0 1 0 117 37.29
8 1 0 0 112.3 26.58
9 0 0 -1 111 332
10 1 1 1 120 88.46
11 -1 0 0 103.9 47.66
12 -1 -1 1 103.3 46.74
13 -1 1 -1 104.3 48.85
14 -1 1 1 109.5 52.18
15 -1 -1 -1 98.1 43.4
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Fig. 7 Face-centered central composite design
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Table 5 Comparison of results
Initial |Optimized
Pole piece thickness [mm] 0.75 0.9
Magnet grade N38H N42H
Yoke thickness [mm] 0.8 0.75
Force [mN] 118 118
Flux leakage [mT] 32.2 28.4
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Fig. 12 Force comparison between initial model
and optimized model
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