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Abstract

We are investigating computational aspects of engi-
neering design problems that are amenable to tractable
algorithmic solution. Our work focuses on parametric
design of micro-mechanical hinged structures, which
allow the construction of three-dimensional micro-
mechanical devices. They are particularly attractive
to design automation, because of (i) the highly spe-
cialized and automated production process, which con-
strains and guides geometric design, (ii) the possibly
high number of devices produced simultaneously in one
manufacturing process, (iii) and the rather simple ge-
ometry and functionality of the devices.

Micro-mechanical hinged structures consist of plate-
lock pairs. Each plate can rotate about a single axis
defined by a pair of hinges. When rotating out of the
wafer plane, the plate has to push a spring loaded lock
out of the way. The lock is designed such that when
the plate reaches a certain angle (typically r/2), the
lock snaps down into a slot in the plate, yielding a rigid
three-dimensional structure.

For parametric design we utilize generalized config-
uration space. Besides parameters for each degree of
kinematic freedom, generalized configuration space in-
eludes design parameters, e.g. the length of a plate.

Assumptions on geometry and physics, such as
purely rectangular geometry, quasi-static motion (no
inertial or Coriolis forces), and Coulomb friction im-
plement constraints imposed by our specific problem
domain. We exploit these constraints to develop an
efficient algorithm for analyzing and designing hinged
structures. First we recognize that the configuration
space of a plate-lock pair is C = [0, r] ~. It can be
shown that the conditions for contact can be modeled
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as low-degree polynomial curves in C, allowing fast ex-
act simulation without numerical integration.

Furthermore the configuration space of the plate-
lock pair can be subdivided into a small number of
qualitatively equivalent states, each of which repre-
sents one edge-edge, edge-vertex, or vertex-vertex con-
tact pair in a cross-section model of the plate-lock pair.
For example, all configurations where a vertex VL of
the lock is in contact with an edge ep of the plate
would form one state. Again, states can be identified
by simple algebraic relations on the geometric param-
eters. All configurations inside a state obey the same
equations, while a state change can be seen as a dis-
continuity in the behavior of the system.

State transitions are possible only when their cor-
responding regions in C-space are adjacent, and they
depend on kinematics and dynamics of the plate-lock
pair. So our model for micro-mechanical hinges can be
represented as a behavior graph whose vertices corre-
spond to configurations with equivalent contact, and
whose edges describe the conditions for transitions be-
tween different states.

The functionality of the structure can be determined
by analyzing the behavior graph. Similar designs may
have isomorphic graphs, but may differ in the condi-
tions for state transitions, so that the structures differ
in properties like stability or ease of assembly. Struc-
tures with different graphs may still have similar func-
tionality, as long as start and end state of the graphs
are equivalent.

Design algorithms for these structures will make ex-
tensive use of the behavior graphs for analysis and
simulation of the designed parts. Because the equa-
tions governing each state are simple, and fast simu-
lation is possible, we are optimistic about developing
algorithms which can optimize design parameters for
a given behavior graph, and which search for specific
behavior graphs of a given parameterized structure.
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