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Static Thrust Characteristics of a Cylindrical Moving-Magnet-Type Linear Oscillatory Actuator
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This paper deals with the static thrust characteristics
of a cylindrical moving-magnet-type linear oscillatory ac-
tuator (LOA). The influences of the LOA size on the
static thrust are investigated. The conclusions are as fol-
lows: (1) the maximum static thrust of the LOA occurs at
x=2.5mm (the thrust constant is 3 N/A);, (2} the thrust
values calculated by the finite element method (FEM)
show good agreement with the measured results, and the
error is within 4 percent; and (3) the thrust of the LOA is
mainly produced in the mover at the center and at two
sides; and (4) the simulation of the static thrust by FEM,
only adjusting either the outer diameter of the LOA to
within the range from 8 to 16 mm or the diameter of perma-
nent magnet from 3 to 8 mm, shows that the specifica-
tions of the prototype LOA are reasonable.

Key words: linear motor, cylindrical moving-magnet-
type linear oscillatory actuator, static thrust, mechanical
time constant
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Fig. 1 Structure of a moving-magnet-type LOA
(unit: mm).

Table 1 Principal specifications of the LOA

Item Value [unit] Item Material
Si 11X25
128 2 (mm} Outer yoke SPCC
Volume 25 [mL]
Mass 143 [g] Pole piece SUM24L
Permanent magnet Item Value [unit]
Material |INEOREC-34H | Resistance | 20.5 [Q]
Coercive .
force 827 [kA/m] Diameter & 0.15 [mm]
Residual s M Stroke 5 [mm]
flux density ’ Air gap 0.1 [mm]
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Fig. 2 Magnetic flux of the LOA (unit: mm).
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Table 2 Analysis conditions

Item value [unit]
Space factor K, 46 %
Coercive force H. 827 [kA/m]
Residual flux density B, 1.15 [T]
Maximum energy product (BH),,, 247 [kJ/m’]
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Direction of axis Z [mm]

Fig. 3 Distribution of the static thrust density in the
coil calculated by the FEM (current /=0.4 A).

| Static thrust F; [N]

Displacement x [mm]

Fig. 4 Static thrust F; vs. displacement x characteris-
tics of the LOA (solid lines show measured values
and broken lines show calculated values).
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Fig. 5 Static thrust F; vs. current I characteristics of
the LOA (displacement x=2.5 mm, solid line: meas-
ured, broken line: calculated).
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Fig. 6 Structure of the analysis model.
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Fig. 7 Dependence of the static thrust F,, mechani-
cal time constant Ty, and static thrust/volume F,/V
on the diameter of the magnet (input power P,=3.27
W).
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Fig. 8 Dependence of the static thrust F,, mechani-
cal time constant Ty, and static thrust/volume F,/V
on the diameter of the coil (input power P;=3.27 W).
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