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Goal,	
  Objec,ve,	
  and	
  Result	
  

! Goal:	
  enable	
  efficient	
  high-­‐fidelity	
  beam	
  models	
  for	
  
computa,onal	
  design	
  

! Objec&ve:	
  beam	
  analysis	
  tools	
  that	
  can	
  
"  Capture	
  geometrical	
  nonlinearity	
  systema&cally.	
  
"  Capture	
  anisotropic	
  and	
  heterogeneous	
  behavior	
  of	
  
composite	
  materials	
  rigorously.	
  

"  Achieve	
  the	
  speed	
  of	
  computa&onal	
  design	
  without	
  
significant	
  loss	
  of	
  accuracy	
  comparing	
  to	
  the	
  ul&mate	
  
accuracy	
  obtained	
  by	
  3D	
  nonlinear	
  FEA.	
  

! Result:	
  GEBT	
  +	
  VABS	
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VABS:	
  Cross-­‐sec,onal	
  Tool	
  	
  

•  VABS	
  takes	
  a	
  finite	
  element	
  discre&za&on	
  of	
  the	
  sec&onal	
  geometry	
  and	
  
material	
  as	
  inputs	
  to	
  calculate	
  sec&onal	
  proper&es,	
  which	
  are	
  needed	
  for	
  
beam	
  analysis	
  code	
  to	
  predict	
  the	
  global	
  behavior.	
  VABS	
  can	
  also	
  recover	
  3D	
  
displacements/strains/stresses	
  over	
  the	
  sec&on:	
  a	
  link	
  between	
  3D	
  and	
  1D	
  

•  VABS	
  can	
  be	
  used	
  independently	
  for	
  structural	
  design	
  of	
  wing	
  sec&ons	
  
(topology	
  and	
  material):	
  e.g.,	
  maximize	
  the	
  torsional	
  s&ffness	
  while	
  maintain	
  
the	
  desired	
  mass	
  or	
  minimize	
  the	
  difference	
  between	
  the	
  aerodynamic	
  center	
  
and	
  elas&c	
  axis	
  

•  VABS	
  provides	
  high-­‐fidelity	
  informa&on	
  of	
  composites	
  with	
  no	
  addi&onal	
  
compu&ng	
  cost	
  to	
  the	
  1D	
  beam	
  analysis	
  

	
  
	
  



VABS	
  Example:	
  MH	
  104	
  Airfoil	
  	
  



VABS	
  Example:	
  Results	
  



Geometrically	
  Exact	
  Beam	
  Theory	
  (GEBT)	
  

•  GEBT	
  carries	
  out	
  a	
  1D	
  analysis	
  of	
  structures	
  which	
  can	
  be	
  modeled	
  as	
  an	
  
assembly	
  of	
  beams	
  

•  GEBT	
  uses	
  sec&onal	
  proper&es	
  from	
  VABS	
  and	
  provides	
  informa&on	
  for	
  VABS	
  
to	
  recover	
  3D	
  stress	
  state	
  

•  GEBT	
  obtains	
  the	
  complete	
  set	
  of	
  beam	
  variables	
  including	
  	
  displacements,	
  
rota&ons,	
  forces,	
  and	
  moments	
  

	
  



GEBT	
  Example:	
  Beam	
  Assembly	
  



GEBT	
  Example:	
  Dead	
  Force	
  



Stress	
  Recovery	
  

•  NACA2412	
  Airfoil	
  
•  Skin:	
  Aluminum	
  
•  Core:	
  Aerospace	
  Foam	
  
•  Uniform	
  Temperature	
  Change:	
  100°C	
  
•  Comparison	
  Path	
  1:	
  Chord-­‐Length	
  Direc&on	
  
•  Comparison	
  Path	
  2:	
  Through-­‐the-­‐Thickness	
  Direc&on	
  



Stress	
  Recovery:	
  Accuracy	
  



Stress	
  Recovery:	
  Contour	
  Plot	
  	
  
σ11 σ22 

σ33 σ23 



Stress	
  Recovery:	
  Efficiency	
  

3D Model: ANSYS 

2D Model: VABS 



Stress	
  Recovery:	
  Efficiency	
  

•  Compu&ng	
  Server	
  
•  AMD	
  Opteron™	
  Processor	
  6174	
  2.20	
  GHz	
  (2	
  Processor)	
  
•  128	
  GB	
  RAM	
  



Wind	
  Turbine	
  Blades:	
  CX-­‐100	
  



Wind	
  Turbine	
  Blade:	
  NREL	
  5MW	
  



Wind	
  Turbine	
  Blade:	
  NREL	
  5MW 

•  The	
  spikes	
  at	
  0.7	
  Hz	
  and	
  2	
  Hz	
  correspond	
  to	
  the	
  first	
  and	
  
second	
  blade	
  flapwise	
  natural	
  frequencies	
  

•  The	
  spike	
  above	
  5	
  Hz	
  –	
  above	
  the	
  frequency	
  range	
  of	
  
excita&on	
  –	
  is	
  brought	
  about	
  by	
  nonlinear	
  and	
  coupling	
  
effects	
  



Conclusions	
  &	
  Future	
  Work	
  

! Efficient	
  high-­‐fidelity	
  beam	
  models	
  can	
  avoid	
  expensive	
  cost	
  
associated	
  with	
  3D	
  FEA	
  
o  VABS	
  for	
  cross-­‐sec&onal	
  analysis	
  and	
  3D	
  fields	
  recovery	
  
o  GEBT	
  for	
  1D	
  beam	
  analysis	
  for	
  global	
  behavior	
  including	
  linear,	
  
nonlinear,	
  sta&c,	
  or	
  dynamic	
  (&me	
  marching	
  or	
  eigenvalue	
  
analysis)	
  

! Future	
  Work	
  
o  Mul&-­‐scale	
  design	
  and	
  analysis	
  of	
  composite	
  wind	
  turbine	
  
blades	
  

o  Mul&-­‐physics	
  design	
  and	
  analysis	
  of	
  smart	
  wind	
  turbine	
  blade	
  
o  Extend	
  applica&on	
  to	
  distributed	
  wind	
  and	
  water/wave	
  energy	
  
turbines	
  


