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Development of a New Inchworm Actuation System
Using Piezoelectric Shearing Actuators

Sang Won Lee’

ABSTRACT

This paper presents the development of a new inchworm actuation system using the shearing deformation of
the piezoelectric actuators. In this new actuation system, piezoelectric shearing/expanding actuators, an inertial
mass and an advanced preload system are configured innovatively to generate the motion of an inertial mass.
There are two modes in the new actuation system: (1) stick mode, and (2) clamp mode. In stick mode, the
deformation of the piezoelectric shearing actuators drives an inertial mass by means of the friction force at their
contact interface. On the other hand, in clamp mode, the piezoelectric expanding actuators provide the gripping
force to an inertial mass and, as a result, climinate its backward motion following the rapid backward
deformation of the piezoelectric shearing actuators. To investigate the feasibility of the proposed new actuation
system, the experimental system is built up, and the static performance evaluation and dynamic analysis are
conducted. The open-loop performance of the linear motion of the proposed new actuation system is evaluated.
In dynamic analysis, the mathematical mode! for the contact interface is established based on the LuGre friction
model and the equivalent parameters are identified.
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Table 1 Physical and material properties of
piezoelectric element and hemisphere tip

Piezoelectric element | Hemisphere tip
(PIC-255) (S8440C)
Young’s modulus (E) 63 GPa 200 GPa
Poisson’s ratio (v ) 0.31 0.30
Density (o) 7750 kg/m’ 7800 kg/m’

(c) 3rd mode

(d) 4th mode
Fig. 4 Natural mode shapes of piezoelectric actuators
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Table 2 Natural frequencies of piezoelectric actuators

Natural Natura! frequency [kHz)
maog:; Piezoelectric Piezoelectric
shearing actuator expanding actuator
1st mode 254 237
2nd mode 259 24.0
3rd mode 509 4.6
Ath mode 90.0 79.0
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Table 3 Linear motion performances of the slider

Driving freq. | Total travel | Velocity

{Hz] [mm] [mm/s]
With 500 6.664 0.56
clamping 1000 6.447 1.07
Without 500 6.158 0.51
clamping 1000 6.146 1.02
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Fig. 6 Experimental results of linear motion of slider
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Fig. 7 Experimental results of crosstalks of the slider
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Table 4 Identified equivalent parameters
Interface 1 I Interface 2
M = 0.163 kg
Case 1 | K; = 1.358x10° N/m | K> = 1.697 x10° N/m
V= C; = 4441 N-s/m C; = 132.97 N's/m
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