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A design of a moving-magnet-type linear oscillatory actuator having

large motor constant
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A Linear Oscillatory Actuator (LOA) for compressor is required for having the high
efficiency and the large motor constant. This paper describes the relation of motor constant
and dimensions of the yoke, and the design of the LOA having large motor constant.
Permeance method and FEM are used in the design of LOA. The following results are
obtained; (1) the motor constant of 45 N/v/W is obtained, under the thickness of inner yoke
and outer yoke are 6 mm and 12 mm respectively. (2) the motor constant is independent

on the height of slot. (3) the motor constant per yoke volume is examined into other linear

motors.
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Fig. 2  Structure parameter of the moving-

magnet-type linear oscillatory actuator (unit is

mm).
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(b) Cross-section A-A

Basic structure of a moving-magnet-type linear oscillatory actuator (unit is mim).

Table 1

the LOA in the calculation for motor constant.

Constant. and variable parameters of

Item Symbol | Value [Unit]
Dimensions hxwxl | 79-5x98x65
[mm]
He{ght frorﬂ origin I, : 20 [mm]
to inner yoke o
Length of air gap 8 | 085[mm]
Constant Thickness of h, 41 [mm]
magnet
Width of magnet Wi 25 |mm]
Pole pitch T 39.9 [mm]
Slot pitch T, 399 [mm]
Notch N B 1.5 [mm]
Space factor of coil 3 0.59
Height of slot h, 0.5— 6 [mm]
Slot width w, 0.5— 6 |[mm]
Thickness of inner hi 2 =12 [mm]
yoke ’
Variable Thickness of outer h. 12 —14 [mm]
yoke
Width of side yoke Wy 12 —14 [mm]
Width of center W, 12.5—17.8[mm]
yoke ’
Height of teeth h, 5.9— 8.5[mm]
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Permeance model for calculation of the

nets (unit is mm).
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Fig. 5 Dependency of the motor constant, K, Fig. 6 Dependency of the motor constant, K,

upon the thickness, hiy, of the inner yoke (x=0

mm, ws=3 mm, hs=4.5 mm).
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upon the slot width, ws (=0 mm, hj;=6 mm,
hoy=12 mm).
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Fig. 7 Dependency of the motor constant, K,
upon the slot height, hs (z=0 mm, hjy=6 mm,
hoy=12 mm).
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Table 2  Demension of the trial machine and the designed machine.
Item Symbol Trial machine Designed machine
Thickness of outer yoke hoy 12.0 [mm] 12.0 [mm]
Thickness of inner yoke Ay 7.7 [mm] 6.0 [mm]
Width of side yoke Wy 14.5 [mm] 12.0 [mm]
Width of center yoke Wey 13.5 [mm] 12.6 [mm]
Height of teeth hy 7.5 [mm] 6.4 [mm]
Height of coil h, 26.5 [mm] 29.3 [mm]
Width of coil W 27.8 [mm] 30.7 [mm]
Thrust constant K 70 [N/A] 80 [N/A]
DC resistance R4 2.4 [Q] 3.1 [R]
Motor constant K 45 [NAW ] |45 [NAW ]
Table 3  Performance comparisons of the linear motor for linear servo system [6] and designed
machine.
Item Symbol Unit LIM ‘[ LSM HD type LSM | Designed machine
Dimensions of yoke hXwX] mm 49.5X50x222 | 27X 50X 160 | 40X 79X 290 | 47.7 X 98X 65X 2
Mass of yoke and coil M kg 4.29 1.89 6.47 2.40
Rated current I, A 4.0 1.03 16.9 —_
Rated thrust F, N 48 139 880 —
Thrust constant Kf_ e N/A 12 135 52 80 .
Motor constant Kn N /W 5.36 15 68 45
Yoke volume Vv L 0.55 0.22 0.92 0.61
Motor constant/Yoke volume | K., /V N /(JW L) 9.7 68.2 73.9 73.8
XD PABRE B LTHEELT) . A LOA L&) =7 DIEE by =12 mm OB NS 7
W) Z 7 FHE—% (HD type LSM) © 3 — 7 {kf& Am,&mwwﬁ<&xof
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