
6.	
  Co-­‐exis+ng	
  LCO’s	
  in	
  an	
  airfoil	
  with	
  a	
  loose	
  flap	
  

The	
  (upstream)	
  slo>ed	
  cylinders	
  alter	
  the	
  flow	
  and	
  hence	
  
the	
  airfoil	
  is	
  disturbed.	
  

The	
  freeplay	
  in	
  
the	
  flap	
  s+ffness	
  is	
  
also	
  a	
  non-­‐smooth	
  
characteris+c.	
  



Co-­‐exis+ng	
  oscilla+ons	
  in	
  the	
  
region	
  of	
  hysteresis	
  
(actually	
  there	
  are	
  (at	
  least)	
  
three	
  such	
  regions	
  in	
  this	
  
range)	
  

low-­‐frequency	
  
“tap”	
  ~	
  5	
  Hz	
  

high-­‐frequency	
  
“buzz”	
  ~	
  10.5	
  Hz	
  

+me	
  series	
  
phase	
  

projec+ons	
  
Poincaré	
  
sec+ons	
  

“tap”	
  

“buzz”	
  

blue	
  -­‐	
  up	
  
black	
  -­‐	
  down	
  

contact	
  occurs	
  at	
  b	
  =	
  |1.0|	
  



The	
  big	
  problem	
  here	
  is	
  the	
  
6D	
  phase	
  space.	
  Hence	
  these	
  
Poincaré	
  sec+ons	
  are	
  
projec+ons	
  but	
  they	
  do	
  show	
  
the	
  rela+ve	
  dominance	
  of	
  
each	
  type	
  of	
  mo+on.	
  

An	
  alterna+ve	
  (frequency-­‐based)	
  view	
  is	
  provided	
  by	
  the	
  
spectrogram,	
  or	
  waterfall	
  plots	
  (lower	
  leU).	
  

Airfoil	
  flaps	
  wear	
  loose,	
  and	
  
hence	
  this	
  is	
  a	
  preventa+ve	
  
maintenance	
  issue.	
  

Sweep	
  
up	
  

Run	
  
down	
  

low-­‐frequency	
  
“tap”	
  

high-­‐frequency	
  
“buzz”	
  


