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In this paper we demonstrate a method of assembling compliant mechanisms from a small
set of discrete parts. These parts are assembled to form a lattice architecture in which each
part mechanically interlocks with its neighbors. We embed flexural degrees of freedom in the
building blocks and assemble a large variety of planar mechanisms from three standardized
part-types: 1-degree-of-freedom, 2-degree-of-freedom, and rigid. This assembly strategy is
employed at a number of scales, but assemblies of millimeter-scale building blocks are the
primary focus of this paper. This paper builds on previous work in which we automated the
discrete assembly of conductive and insulating parts to fabricate various electronic
components. [1]

Fig. 1. Lattice geometry decomposition. The assembled lattice (left) is assembled from nodes (top
middle) and struts (bottom middle) which are themselves assembled from two-dimensional parts.

We identify a number of mechanism motifs that can constructed from the individual flexural
building blocks and categorize them by the degree of their mobility in Figure 3. These motifs
can then be thought of as building blocks to assemble more complex mechanisms.

Fig. 2. Mechanism motifs and an example shearing mechanism. Two strut-part types with
embedded degrees of freedom can form a variety of mechanism building blocks with varying numbers
of degrees of freedom (left). These can then be used to build more complex mechanisms like this
shearing mechanism (middle) and a 2DoF walking motor (right).

The benefit of this discrete assembly method is that it enables the embedding and use of a
large range of materials. In particular, through the use of polymer flexural hinges, we can
obtain orders of magnitude difference in on- and off-axis compliance, enabling the



construction of mechanisms and linkages that resemble conventional macroscopic pin-joints.
Furthermore, these mechanisms are frictionless and have virtually no backlash in-plane. We
fabricate the parts using a laminate process. Each part is composed of five layers including
brass, a B-staged thermoset adhesive, and a polyimide flex layer. This lamination process
has been described in previous work by Sreetharan et al. [2]

Fig. 3. Flexural part design and fabrication. Some strut-parts contain either one or two embedded
degrees of freedom in the form of flexible polymer hinges. The parts are produced in batch using a
lamination process.

We characterize the performance of a single hinge as well as whole assembled
mechanisms. We find each hinge has a torsional stiffness of approximately 29 mN*mm/rad
on-axis and 9.7 N*mm/rad off-axis. We see a similar trend in assembled parallelogram

linkages with an on-axis stiffness of approximately 36 mN/mm about its center point and an
off-axis stiffness of 6.6 N/mm.

Parallelogram Linkage: On/Off-Axis Stiffness
. data
—— loading: 28.94 mN*mm/rad
—— unloading: 24.33 mN*mm/rad
—— predicted: 28.94 mN*mm/rad

—— 1-layer on-axis: 36.27 mN/mm
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Fig. 4. Characterizing the performance of a single hinge (left) and a parallelogram assembly
(right). In both cases, the mechanisms are an order of magnitude stiffer off-axis as they are on-axis.

We demonstrate the usefulness of this assembly method through the construction of
representative test cases. While we limit exploration of the design space to planar
mechanisms, we find that a number of three-dimensional mechanisms can be decomposed
into constituent planes. In figure 5, for example, we demonstrate the assembly of a prototype
three-dimensional gripper assembled from four individual planar mechanisms. The gripper

works such that linear motion at the center-most node is converted into coordinated rotation
of the gripper jaws.

Fig. 5. An assembled three-dimensional gripper. A prototype gripper is shown assembled from
four planar mechanism planes.
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