
MVn.1 Mechanical Vibrations, Continuum Systems
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Longitudinal oscillations of bar, n = 1
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Transverse vibrations of a plate, n = 2
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MVn.2 Mechanical Vibrations, n-D Continuum Systems



MVn.3 Transverse Beam, Harmonic Oscillation
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Euler-Bernoulli beam,  recall SM1.2 
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      thus: p (x) ⇒  -ρω2AY(x) ,   ω = frequency 
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BCs: y (0) = 0 = y (L), pin connections 
data: ρ = uniform mass density/area 
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E u l e r - B e r n o u l l i  b e a m ,  m o d a l  s o l u t i o n  
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MVn.4 Vibrating Beam, Normal Mode Solution



E-B beam, mechanical vibration, GWSN  process  
 
  
 
 
 
     
 
  
             
 
       

approximation 

 Galerkin WSN 
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MVn.5 Transverse Beam, GWSN Formulation



 
 
     
 
 
 
     
   
     
      
 
   
 
   
   

Finite element implementation GWSh

approximation 
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MVn.6 Transverse E-B Beam, GWSN ⇒ GWSh



  
Two der ivat ives  require  k  ≥  2  bas is ;  le t ’s  exam ine 
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MVn.7 Euler-Bernoulli Beam, Cubic Hermite FE Basis
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MVn.8 Euler-Bernoulli Beam, Hermite Basis FE Library
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MVn.9 Transverse Beam, GWSh Assembly Example



 
G W S h  M  =  2  m a t r i x  s t a t e m e n t  
     
 
  
 
 
 
 
        
 
 
 
 
 
 
 
 
  

}0{}]{STIFF[}]{MASS[GWS =+= QQh
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i 1  2  3  4   
  ω i

h 806  5 .09  E 3  1 .72  E4  5 .00  E4  M  =  2  

    iω 829 5 .05  E 3  1 .41  E4  2 .73  E4  exact 

M atlab  experim ent, 4  ≤  M  ≤  64

 N atural Frequency 
M  ω1*1E-04 ω 2*1E -04 ω 3*1E -04 ω4*1E-04 
4  0 .0838220 0 .5070094 1.4249880 2 .8102408
8 0 .0838704 0 .5067519 1.4155006 2 .7769875

16 0 .0838752 0 .5067581 1.4148080 2 .7713884
32 0 .0838754 0 .5067615 1.4147716 2 .7710265
64 0 .0838753 0 .5067621 1.4147705 2 .7710054
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MVn.10 Transverse Beam, FE Modal Solution



 
 
        
   
 
 
 
                                                                  
 
 
 
 
  

Transverse vibrations of a plate 
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GWSh normal mode solutions, ωi
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 y(xb, t) = 0

MVn.11 Transverse Vibrations, L-Shaped Membrane


