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Plastic deformation at small scales, e.g., microscale metal forming, is key to fabrication of metal-based microstructures and devices.
Small scale plastic deformation is often associated with mechanical size effects and anomalies. Research depicted here is a part of our
ongoing effort to understand such phenomena and is relevant to various metal microfabrication technologies.

Abstract

With the continuing trend of product miniaturization, an unabating need exists for metal-based micro
parts, many of which have already been widely used in the automotive industry, consumer electronics
industry, and other industrial sectors. Metallic micro parts can be produced through different
manufacturing processes. Contrasting subtractive fabrication techniques such as micro mechanical
machining, electrical discharge machining, and laser machining, micro metal forming encompasses a
distinct class of fabrication techniques that depend on plastic deformation to achieve the fabrication
goal. Known for advantages of low-cost, high-throughput, and good mechanical properties of the
formed parts, metal forming at the macroscale is a mature technology and a mainstay of traditional
manufacturing. Micro forming produces parts with at least two characteristic dimensions at the sub-
mm scale. While metal forming at the macroscale and forming at the meso/micro/nano scales are both
based on plastic deformation, meso/micro/nano scale metal forming operations offers a class of
problems in which the characteristic length scale associated with the geometry of plastic deformation
is either sufficiently small in an intrinsic sense or sufficiently small to approach the average grain size
of the material being formed. In either case, the material being deformed exhibits mechanical size
effects and mechanical anomalies, i.e., mechanical responses that depend explicitly on the deformation
length scale and mechanical behaviors that deviate from those expected from continuum mechanics.
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The existence of various mechanical size effects impedes a straight-forward transfer of knowledge
gained in macroscale metal forming to forming at characteristic dimensions from hundreds of microns
and beyond to tens of microns and below. This talk presents an overview of our efforts to probe and
understand mechanical size effects and mechanical anomalies associated with small scale plastic
deformation. Understanding such mechanical size effects is a technological prerequisite for effective
forming process design and presents an opportunity to deepen the fundamental understanding of
plastic response of materials at small length scales. This talk will summarize the recent progress we
have made and suggest directions for future investigations.
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