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Abstract—This paper deals with an application of Finite Element

Method (FEM) to design and characteristic analysis of Moving Coil type

‘Linear Oscillatory Actuator (MC-LOA). The unbalanced thrust values ||

caused by ‘asymmetric magnetic circuit are accurately estimated by
FEM. and the results are used to |mpr0\e the performance of ’WC-LOA

!NTRODUCTION

Alt 10u0h \flovmu Coil type Linear Oscn[latory Actuator_ ;
(MC-LOA) including Permanent Magnet (PM) is suitable for

i short stroke reciprocating ‘system, there is an asymmetric

maonenc circuit due to the unbalanced structure. Moreover, it -

causes a different flux distribution in the air-gap along the
current . direction. . The - interaction . driven by two fluxes
_bemeen the PM and the current causes the unbalanced thrust
and interferes with the proper oscillation of MC-LOA [1-2].
The aim of this paper is therefore to solve the above problems
and to improve the drlvmg performance of MC-LOA. In order
1o achieve the aim, it is necessary to estimate the rate of the

| unbalanced thrust. Once it is done, it will be easier not only to -
| design the machine having the balanced magnetic circuit but
also to use a simple control method wnhout an intricate /"

S[ructure

A"\IALYSIS O‘F UNBALANCED FHRUST

The structure of \1( LOA is symmetric aion" up to down,
| Therefore. the half model is selected for the analysis and
Derlchlet bound"m condition is applied to it.
Fig. 1 ‘and Flo |2 ‘respectively show the flux densnv
_dlSII‘IbLI[lOﬂS in air-gap of the initial and the improved model.
When the mover goes intg inner core direction (+x), forward,
the air-cap flux density has a larger value than the other case
that tlk mover goes to the opposne direction (—x), bacl\ward

RESULTS AND APPLICAT

FiU 3 shows the dimension of initial de51gned model.
-From the result of the characteristic analysis, it is confirmed
‘that the rate of saturation in core has a great influence on the
' thrust charactenstlc In other words, the increase of the
saturation rate causes the decrease of thrust difference along

the current direction. For this reason, although when generally |

" designing electrlc machlnes the saturation effect should’ be

| avoided. this paper proposes an improved model for the

..balans.ed_ magnetic-circuit and the fewest unbalanced thrust by
using a saturated core. Fig,
characteristic of both the initial and the improved model. Due

10 the saturated core. there is a little decrease of thrust,

- However. it ‘can be'compensated by adding even a f-snnll

amount of the input current; i
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As compared with the decrease of efficiency, the stabllm
of MC-LOA becomes satisfactory enough, There is also an
alternative way such as using a specific controller. Since it is
possible to predict the thrust characteristic/ by FEM. we can
use it to reduce the burden of the controller. Hence. a very
simple control system, such as. an open loop control method.
can be mrrlcd out. Controlling the input current values along
the mover dircctions can | casily accomplish the | proper
oscﬂiatmn of MC LOA i L -

C()_NC_LUS]ON

This paper has proposed the approach toward improving |
the performance of MC-LOA. The unbalanced ‘thrust along !
the current direction is accurately estimated by FEM. Both the
initial  and the improved model aré introduced. The
characteristic analysis of both models is also performed by

FEM and the analysis results are used for the control system
in order to reduce the burden of the controller,

The propr ety
of the proposed approaches is ver iflLd by the compm ison \'\I[h
the experimental results.
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