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Abstract 
During the past few decades, with the advances in materials, electronics, and system integration 
technologies, structural dynamics and controls researchers in various engineering disciplines have been 
investigating the feasibility of creating adaptive structures.  The vision is to develop multifunctional 
structural systems that have various embedded and distributed autonomous functionalities, such as 
mechanical property variations, shape reconfiguration and morphing, vibration and noise controls, energy 
harvesting and management, and sensing and health monitoring.  From a structural system’s point of 
view, one of the major challenges is on how to best synthesize the cross-field and local-global coupling 
characteristics of the various adaptive materials and elements to optimize the overall structural 
performance.  It has been recognized that to achieve significant new advances in adaptive structures, 
researchers should conduct even more cross talks among various disciplines.  In recent years, the 
concept of mechanical metastructures developed based on synergistic modular architectures has been 
explored.  Such architectures are often observed in nature, such as in biological systems. This 
presentation will discuss recent interdisciplinary research efforts in synthesizing nature-inspired adaptive 
multifunctional metastructures for structural dynamics enhancement.  Inspired by biological studies on 
muscle crossbridges and plant cells, metastable mechanical modules and fluidic flexible matrix composite 
and fluidic origami modules are developed and the characteristics and functionalities of their 
corresponding modular metastructures are investigated.    
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Abstract 
Material properties are governed by the chemical composition and spatial arrangement of constituent 
elements at multiple length-scales.  This fundamentally limits material properties with respect to each 
other creating trade-offs when selecting materials for specific applications.  For example, strength and 
density are inherently linked so that, in general, the more dense the material, the stronger it is in bulk 
form.  We are combining advanced microstructural design, using flexure and screw theory as well as 
inverse methods, such as topology optimization, with advanced additive micro- and nanomanufacturing 
techniques to create new material systems with previously unachievable property combinations – 
mechanical metamaterials.  The performance of these materials is fundamentally controlled by geometry 
at multiple length-scales rather than chemical composition alone.  We have demonstrated designer 
properties of these mechanical metamaterials in polymers, metals, ceramics and combinations thereof. 
Properties include ultra-stiff lightweight materials, negative stiffness, and negative thermal expansion as 
well as functional properties such electrical, optical, and chemical responses. We have primarily utilized 
our custom developed additive micro-manufacturing techniques to create these structures and materials. 
These include Projection Microstereolithography (P S L), Dire ct Ink Writing (DIW), and Electrophoretic 
Deposition (EPD) as well as some new advanced concepts such as volumetric additive manufacturing. 
These tools are capable of generating the designed structures which are highly three-dimensional micro- 
and nano-scale architectures often with multiple constituent materials in the same structure. 
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Abstract  
Although advanced materials and multi-material technologies are seen as essential for the future of the 
automotive industry, smart materials are not sufficiently represented in current automotive material 
selection strategies.  Research done by the presenter’s group within the NSF I/UCRC on Smart Vehicle 
Concepts seeks to develop understanding of how smart materials can drive the development of 
innovative vehicle components, systems, and structures. The multi-functional nature of smart materials 
can be effectively utilized to reduce part count and enable vehicle components capable of achieving high 
power density while being compatible with emerging vehicle electrification demands. Design concepts 
that incorporate shape memory materials, piezoelectric ceramics and polymers, or magnetostrictive alloys 
are being developed for applications such as vibration energy harvesters, tire electronics, vehicle 
morphing panels, and advanced impact detection systems.  An integral part of these efforts is the 
incorporation of smart materials into dynamically-responsive structures that combine the sensing and 
actuation properties of smart materials with the high strength and low cost of conventional structural 
materials.  This facet of the research motivates the investigation of new joining and manufacturing 
methods for smart structures, such as ultrasonic additive manufacturing (UAM), a 3D printing process 
driven by piezoelectric transducers that is based on the principles of ultrasonic metal welding. Unlike 
other additive processes, UAM process temperatures are well below the fusion temperature of the 
participating metals, which avoids the formation of brittle intermetallics and makes it possible to embed 
into metals high-value or thermally-sensitive materials such as carbon fiber, aramid, fiber optics, shape 
memory alloys, active polymers, and ceramic fibers. In this keynote presentation, research challenges, 
approaches, and opportunities associated with smart materials and ultrasonic additive manufacturing are 
discussed. 
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