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Abstract
The electrostatic microengine is one of the
major actuators used in MEMS applications. To
ensure this MEMS actuator is operated in a
fashion that will produce peak performance and
long life, the system dynamics must be fully
understood. One of the major trade-offs in the
microengine design is the use of either pin or
flexure joints. This paper will develop the
equations of motion for flexure-jointed and pin-
jointed surface micromachined microengines.
An analytical mechanics approach will be used
to derive the equations of motion and the
appropriate equations of constraint. The effect
of the flexure joints on the drive signals of the
micro engine is experimentaily shown to be

significant during static tests.

Introduction

The development of actuation devices for
micro-electro-mechanical systems (MEMS) is an
essential advance in the development of useful
MEMS devices. Sandia National Laboratories
has developed the Sandia microengine [1], which
has been used as actuation for a number of
applications [2,3], such as optical shutters, gear
reduction units, linear racks, and 2 counter-
meshing gear discriminator [4]. The
microengine shown in Figure 1 consists of a
pinion gear connected by linkages to two
electrostatic comb drives, which supply linear
forces. The development of reliable, long-life
MEMS  devices requires the proper
understanding of -the dynamics of the
microengine. Previous work has been done to
determine the optimum drive signals for the pin-
jointed microengine {5], which has resuited in
extending the operational life of the Sandia
microengine over a broad range of speeds.

A significant design choice in the microengine
is the use of pin-joints versus flexure joints,
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Figure 2, in the linkages of the microengine. The
use of a pin-jointed linkages allow linkage
movement which is impeded only by the friction
in the pin-joint; however, the pin-joint clearances
which arise from the surface micromachine
fabrication technology may give rise to
undesirable dynamic effects or positional
inaccuracy. The use of flexure joints in the
linkages removes concerns regarding the joint
clearances; however, non-negligible force is
required t0 overcome the joint stiffness during
microengine operation. In order to properly
operate the microengine for maximum load and
system lifetime, the dynamics and design
tradeoffs of the Sandia microengine must be
fully understood.

This paper examines the effect of the linkage
joint on microengine dynamics. Sandia
microengines have been designed and fabricated
with both pin joint and flexure-joint linkages
shown in figure 2. This paper will derive the
equations of motion for both types of
microengines and the optimal drive signals
required to minimize friction effects in these
devices. Experimental evaluation of the effects
of linkage joint type on system operation and the
required drive signals will be presented.

Microengine Model

The equations of motion for the microengine
will be developed using an analytical mechanics
approach. The equations of motion for the pin-
joint microengine have been previously
developed [5] using Newton's laws. However,
when complications of additional constraints or
degrees of freedom, such as flexures, are added
to the problem this approach becomes unwieldy.
Lagrange’s equations that incorporate sysiem
constraints via Lagrange multiphiers will be used
{6]. This approach results in n+m equations for a
system with n-m degrees of freedom. The system






