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A Study on Design and Manufacture of an Inchworm Linear Motor System

Sang Don Ye*, Jae Hoon Jeong* and Byeong Hyeon Min*

ABSTRACT

Ultra precision positioning mechanism has widely been used on semiconductor manufacturing equipments, optical
spectrum analyzer and cell manipulations. Ultra precision positioning mechanism is consisted of several actuators,
sensors, guides and control systems. Its efficiency depends on each performance of components. The object of this study
is to design, analysis and manufacture all of the inchworm linear motor system, which is one of the equipments
embodied in ultra precision positioning mechanism. Inchworm linear motor system is consisted of a controller system
and an inchworm linear motor, and its driving form is similar to a motion of spanworm. A design and manufacture of
inchworm linear motor, which is consisted of three PZT actuators, a rod, two columns and a guide plate, are performed.
Minimizing the von-Mises stress of the hinge using Taguchi method and simulation by FEM software optimizes the
structural design in a column of flexure hinge. The designed columns and guide plates are manufactured by a W-EDM
and NC-milling. A controller system, which is an apparatus to drive inchworm linear motor, can easily adjust driving
conditions by varying resonance frequency and input-output voltage of actuators and amplifiers. The performance of
manufactured inchworm linear motor system is verified and valuated. In the future, inchworm linear motor system will
be used to make a more precision positioning by reinforcing a sensor and feedback system.
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Table 1 Specification of used piezoelectric actuators

Specification AE0203D08 AE0203D16

Maximum

.  driving voltage 9.1%x1.5 17.4+2.0
Displacement{m] Recommended
driving voltage 6.1+1.5 11.6£2.0
Generated force [N] 200 200
Resonance frequency [liz] 138 69
Capacitance [¢F] 0.18 035
Overall length [mm] 10 20
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Fig. 2 Solid model of inchworm linear motor
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ac. d74 29 29 shol= BaloEY AR
T ¢FuE 6061 < AHgsiRen, O ARe §
A (material properties)< Table 2 ¢} 2T},

Table 2 Material properties of Aluminum

Material Modulus of Poisson's Yield Strength
e Elasticity [N/mr) Ratio [N/mr]
Aluminum
(6061) 69¢3 0.33 386
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Fig. 3 Procedure of optimal design
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Table 4 Table of orthogonal arrays & S/N ratios

ARsted YT Agza WA AAIH
Bued REe AYN7T HHolg dysE Th Rh Wa Ha Tec SN
FEE WAYel £F AT 471N E AR Lt vt r 1 -37.7940
e ¢ dF¥E T oz ousE T : TR
QS Table 3 F ol A FAT_h), VA s
HAR b, G F(W_a), & ¥ol(H a), 2 '
h § 5 2 1 2 3 4 -38.7380
FAT ey o1ZA 5 A Az AAIHYoH, 6 2 2 1 4 3 -38.1248
w3 Z4zhe] ®iSFE AAAQ 379 Ak uket 7 2 3 4 1 2 -36.2711
4FFELE LAY 8§ 2 4 3 2 1 -34.979
9 3 1 3 4 2 -35.9547
Table 3 Control factors and their levels concerned with 10 3 2 4 3 1 -33.9065
the design of a column 11 3 3 1 2 4  -36.2960
12 3 4 2 1 3 -36.5645
Control Level [mm] 3 4 14 2 3 -35.4400
factors 1 2 3 4 14 4 2 3 1 4 -36.1236
Thickness of 15 4 3 2 4 1 ~-32.3901
hinge(T_h) 0.3 0.4 0.5 0.6 16 4 4 1 3 2 -33.9966
hinia(‘;;‘i;ff 0.3 0.4 0.5 0.6
& e A B F AP A AFA pzT U
Va6 a8 3 32 ololgel A8 S m o Wesk Rk A
— R, %‘—EL% g3ko] Al glomz A
Height of 4 } 5 o
arm(H_a) 1.8 2 22 2. o] Nk Fol7] 93 R 2L FAt IR
Thickness of 3 4 5 6 HA= Al EdelA 3 g FES A 7|

column(T_c)
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Fig. 7 Manufactured column of inchworm linear motor
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