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Fiber-reinforced polymers, or composite materials, possess high specific modulus and strength, making
them  well-suited  in  several  fields  of  applications  where  weight  reduction  is  primordial,  such  as
aerospace,  automotive,  maritime,  energy,  biomedical,  and  oil  &  gas.  Their  use  can  translate  into
important fuel consumption and CO2 emission reduction, as well as cost savings. As we seek to develop
more energy-efficient and cost-effective manufacturing and joining methods, there is a need to better
understand  relationships  between  process  parameters,  material  properties,  structural  quality,  and
performance. In our laboratory, we are studying a combination of advanced composite materials (e.g.,
continuous  fibers,  fabrics,  and  meshes),  including  thermoset  and  thermoplastic  matrices,  as  well  as
thermoset  shape  memory  polymers.  In  particular,  we  are  interested  in  uncovering  multi-scale
mechanisms behind ultrasonic processing and additive manufacturing, and exploring a range of out-of-
autoclave methods (such as resin infusion) to design technology demonstrators. We employ multi-scale
experimental  approaches  and  computational  methods  to  inform  parameters  selection.  The  main
difference between traditional thermoset and thermoplastic polymers is that the latter soften and may be
formed again when heated up above a certain temperature. Thermoplastic composites can therefore be
joined  through  fusion  bonding,  otherwise  known  as  “welding”,  eliminating  the  use  of  mechanical
fasteners. This seminar will present a general overview of ongoing research projects in our laboratory,
then  will  focus  on  main  outcomes  related  to  ultrasonic-assisted  processing  of  polymer  composites,
enabled  through  high-frequency,  low-amplitude  vibrations:  i)  ultrasonic  welding,  structural  health
monitoring,  and  repair  of  thermoplastic  composite  joints  using  multifunctional  nanocomposites;  ii)
ultrasonic  consolidation  of  layered  thermoplastic  composites;  and  iii)  high-speed  ultrasonic-assisted
repair of thermoset composites for aerospace structures.
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