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The	   combination	   of	   high	   stiffness	   and	   high	   damping	  
properties	   in	   materials	   enables	   the	   utilization	   of	   load	  
carrying	  components	  of	  structures	  to	  act	  in	  the	  additional	  
capacity	   as	   mechanical	   dampers.	   However,	   this	  
combination	   of	   properties	   will	   quickly	   elude	   the	   design	  
engineer.	   Indeed,	   common	  engineering	  materials	   possess	  
either	   high	   stiffness	   or	   high	   damping	   but	   not	   both.	   For	  
example,	   ceramics	   exhibit	   a	   high	   stiffness	   and	   low	  
damping	   whereas	   rubbers	   exhibit	   low	   stiffness	   and	   high	  
damping.	  To	  solve	  this	  problem,	  we	  must	  turn	  to	  different	  

internal	   mechanisms	   in	   materials	   that	   cause	   damping	   (beyond	   e.g.	   defect	   motion	   in	   metals	   and	  
ceramics	   or	   the	   motion	   of	   molecules	   in	   polymers).	   One	   such	   mechanism	   is	   instability	   through	   e.g.	  
phase	   transformations.	   Temperature-‐induced	   phase	   transformations	   in	   solids	   would	   be	   difficult	   to	  
control	   in	   practical	   applications.	   Therefore,	   in	   this	  work,	  we	   turn	   to	   electric	   field-‐induced	   structural	  
transformations	  in	  ferroelectrics,	  viz.	  domain	  switching.	  In	  this	  process,	  regions	  of	  differently-‐oriented	  
polarization	   of	   the	   underlying	   crystal	   (or	   grain)	   are	   reoriented	   at	   the	   microstructural	   level	   by	   an	  
externally-‐applied	  electric	  field;	  turning	  on	  the	  dissipation	  mechanism	  in	  the	  material	   is	  controlled	  by	  
the	  push	  of	  a	  button.	  Domain	  switching	  leads	  to	  a	  substantial	  increase	  in	  the	  overall	  damping	  capacity	  
of	   the	   material.	   Recent	   experiments	   have	   measured	   a	   mechanical	   loss	   tangent	   during	   domain	  
switching	  in	  ferroelectric	  ceramics	  of	  approximately	  0.4.	  Such	  a	  value	  of	  the	  loss	  tangent	  are	  normally	  
reserved	  for	  polymers,	  not	  stiff	  ceramics.	  Thus,	  the	  combination	  of	  high	  stiffness	  and	  high	  damping	  was	  
observed.	  
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actuation.	  


