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a b s t r a c t

This paper focuses on the development of a novel clamping principle and the mechanism that may be
used to realize a linear motor capable of performing not only large thrust but also secure movement with
high blocked clamping force. To verify this principle, a clamping prototype (size: /32 � 130 mm) is con-
structed and tested. It generates a clamping force of 1050 N with an initial experimental set-up, and, a
clamping force up to 1525 N with a modified set-up employing a hydro-press bench clamp. The theoret-
ical and numerical analyses are carried out and suggest that the mechanism may generate a clamping
force up to 2148 N with an adequate rigid guide-way.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Using smart-material actuators rather than linear motors has
been the focus of many works, such as the work in precise posi-
tioning over micron-level span, in active vibration control, etc.
Delivering and accumulating the high precision deformation of
solid-state smart-materials is a critical research task to challenge
the usual belief that the deformation of smart-materials is too
small to adapt in long stroke driving applications. The feasibility
of applying inchworm moving principle to build a linear motor
by step accumulation has attracted those who aim to change the
small span driving actuator into a precise long distance driving
motor. Different prototypes of linear motors have been developed
in the last decade, mainly based on the integration of smart-mate-
rials and inchworm driving principles such as the piezoelectric
driving [1,2], the giant magnetostrictive driving [3,4] and piezo-
magnetostrictive hybrid driving [5,6]. Although researchers have
recognized the importance of the clamping mechanism in inch-
worm motors, they have emphasized more on its linear driving
part and on the solution to the inherent problems such as hyster-
esis [7] and Joule heat [8]. In fact, we believe that without an ade-
quate clamping mechanism, it is difficult to achieve a high
precision smart-material inchworm motor even the above-men-
tioned problems could be well solved. For instance, in the previous
work [9], due to the fact that the eletromagnetic clamping mecha-
nism brings about sway and tilt at doing clamping actions, the

small inchworm motor can hardly perform the nominal nanomet-
ric step traveling even its linear driving part is able to render nano-
meters elongation. So the clamping mechanism can affect the
motor both on the positioning precision and on the thrust capacity.
The giant magnetostrictive material is largely used in developing
inchworm motors because it possesses interesting properties of
high compression strength, high output force and giant magneto-
striction. In addition, it has the potential to generate high blocked
clamping force in static case. However, it is difficult to fulfill
blocked-forcing in movement regime. In this work, we propose a
novel blocked-force clamping principle and the corresponding
mechanism using the giant magnetostrictive material TeDyFe. An
experimental set-up and a numerical model are developed to val-
idate the proposed principle.

2. Magnetostrictive clamping mechanism of linear inchworm
motor

A typical structure of a linear inchworm motor can be
illustrated as an H-shape structure, as shown in Fig. 1. The motor
is most necessarily constructed by Parts A and C (the clamping
mechanism), Part B (the driving mechanism) and Part D (the
guide-way). The motor can move when Parts A–C are excited in se-
quence and alternately to do the action of clamping-on/off by A
and C against D, and stretching-on/off by B (see [9] for more de-
tails). The parts A and C are placed into the guide-way D to gener-
ate a deformation in the vertical direction, while the driving part B
is configured to produce an elongation in the horizontal direction.
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