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Optimal Design of Extremely Small Thrust VCM for Nanoindenter
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Abstract - In this paper, we propose the shape of extremely small thrust VCM for application of the Nanoindenter,
wh.ch enables control of very small force and displacement. We performed optimization of the VCM shape using
cor jugated gradient method. And the purposes of optimization are the minimization of the permanent magnet size for
the efficient systems, minimization of deviation of flux density from the air gap for operate on regular thrust, and a
linc arization of thrust for a good control characteristic. The finite element method is used for characteristic analysis.
Thr: node moving method is used to redundant changes of design variables. As a result, the VCM produces a very
small force by the difference of flux density of lower part from higher one. Also, in a wide range of current
(0[.A]-1[A]), the VCM produces linear driving thrust by saturating the magnetic circuit path and operate on regular
thrust by minimizing deviation of flux density of the air gap.
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Table 1 Constraints

MAYE AR Z| %]
X(1) 10mm 20mm
X(@) 1mm 20mm
X(3) 9mm 20mm
X(4) 2mm 5mm
X(5) 5mm 20mm
X(6) 5mm 20mm
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Fig. 5 Air gap flux density according to the yoke length
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Table 2 Difference of air gap flux density according to the
permanent magnet position

D, AEUT D, =TI
(4TRrAef 2zl AT (TR gz AT
; 0.2mm 0.001319 1.2mm 0.0075125
0.4mm 0.002532 1.4mm 0.0087065
0.6mm 0.003728 1.6mm 0.0098755
i 0.8mm 0.004856 1.8mm 0.011123
i 1.0mm 0.0062531 2.0mm 0.012315
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