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𝑘𝑟𝑒𝑑𝑢𝑐𝑒𝑟𝑒𝑡 𝐷 = 𝑅  

𝐷 = 𝑅 𝑘𝑟𝑒𝑑𝑢𝑐𝑒𝑟𝑒𝑡
−1 

𝑅𝑟𝑒𝑎𝑘𝑡𝑖𝑜𝑛𝑒𝑟 =  𝑘12 𝐷  
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Introduktion til FEM (Modal analyse) 

Søren Heide Lambertsen 
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I dag 
 

1. Hvad er modal analyse 

2. Egenfrekvens,Dæmpning 

3. Beregning´s grundlaget for modal analyse 

4. Eksempel 1 

5. Opsætning af modal analyse i Ansys workbench 

6. Opsætning af Prestress modal analyse i Ansys Workbench 



Modal analyse 
Beregningsmetoden giver mulighed for at bestemme egenfrekvenser 

for en struktur. 
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𝑢 = 𝑢 𝑡  
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𝑢 = 𝑢 sin (𝜔𝑡) 
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  𝑓 = 𝑚𝑢   
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𝑓 = 𝑚𝑢  
 
  𝑓 − ku − c𝑢 = m𝑢     
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𝑓 = 𝑚𝑎 
 
  𝑓 = 𝑚𝑢   

u 

𝑓 = 𝑚𝑢  
 
  𝑓 − ku − c𝑢 = m𝑢     

𝑓 = m𝑢 + 𝑐𝑢 + 𝑘𝑢 



 Fjeder/masse system 

 

K 

F 

m 

𝑓 = 𝑚𝑎 
 
  𝑓 = 𝑚𝑢   
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𝑓 = 𝑚𝑢  
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𝑓 = m𝑢 + 𝑐𝑢 + 𝑘𝑢 
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𝑐 = 0    𝑓 = 0 

u 

𝑓 = m𝑢 + 𝑐𝑢 + 𝑘𝑢 
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𝑢 = 𝑢 sin (𝜔𝑡) 
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0 = m𝑢 + 𝑘𝑢 

𝑢 = 𝑢 sin (𝜔𝑡) 

 𝑢 = −𝑢𝜔2sin (𝜔𝑡) 
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0 = m𝑢 + 𝑘𝑢 

𝑢 = 𝑢 sin (𝜔𝑡) 

 𝑢 = −𝑢𝜔2sin (𝜔𝑡) 

0 = −𝑚𝑢𝜔2sin (𝜔𝑡) + 𝑘𝑢 sin (𝜔𝑡) 
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 Dæmpning 

 



 Dæmpning 

 c = 0 

𝐶𝑐𝑟 = 2𝑚
𝑘

𝑚
 

𝑐 <  𝑐𝑐𝑟 



 Dæmpning 

 c = 0 

𝐶𝑐𝑟 = 2𝑚
𝑘

𝑚
 

𝑐 <  𝑐𝑐𝑟 

𝜔𝑑 = 𝜔 1 − 𝜉2               𝜉 =
𝐶

𝐶𝑐𝑟
 



 Dæmpning 

 c = 0 

𝜉 < 0,15 



 Dæmpning 

 c = 0 

𝜉 < 0,15 

𝜔𝑑 = 𝜔 1 − 𝜉2  



 Dæmpning 

 c = 0 

𝜉 < 0,15 

𝜔𝑑 = 𝜔 1 − 𝜉2  

𝜔𝑑 = 30 1 − 0,152 = 29,66 𝑟𝑎𝑑/𝑠  



 Dæmpning 

 c = 0 

𝜉 < 0,15 

𝜔𝑑 = 𝜔 1 − 𝜉2  

𝜔𝑑 = 30 1 − 0,152 = 29,66 𝑟𝑎𝑑/𝑠  

𝜔𝑑 =
30

2𝜋
= 4,77𝐻𝑧 

𝜔 =
29,66

2𝜋
= 4,72𝐻𝑧 



 Dæmpning 

 c = 0 

𝜉 < 0,15 

𝜔𝑑 ≈ 𝜔 

𝜔𝑑 = 𝜔 1 − 𝜉2  

𝜔𝑑 = 30 1 − 0,152 = 29,66 𝑟𝑎𝑑/𝑠  

𝜔𝑑 =
30

2𝜋
= 4,77𝐻𝑧 

𝜔 =
29,66

2𝜋
= 4,72𝐻𝑧 



 Matrise system 

 

𝐷 = 𝐷  sin (ω𝑡) 



 Matrise system 

 

𝐷 = 𝐷  sin (ω𝑡) 

𝐷 = − 𝐷 𝜔2 sin (ω𝑡) 



 Matrise system 

 

𝐷 = 𝐷  sin (ω𝑡) 

𝐷 = − 𝐷 𝜔2 sin (ω𝑡) 

0 = [m]{𝐷} + [𝑘]{𝐷} 



 Matrise system 

 

𝐷 = 𝐷  sin (ω𝑡) 

𝐷 = − 𝐷 𝜔2 sin (ω𝑡) 

0 = [m]{𝐷} + [𝑘]{𝐷} 

0 = − m 𝐷 𝜔2 sin ω𝑡 + [𝑘] 𝐷  sin (ω𝑡) 
 



 Matrise system 

 

𝐷 = 𝐷  sin (ω𝑡) 

𝐷 = − 𝐷 𝜔2 sin (ω𝑡) 

0 = [m]{𝐷} + [𝑘]{𝐷} 

0 = − m 𝐷 𝜔2 sin ω𝑡 + [𝑘] 𝐷  sin (ω𝑡) 
 



 Matrise system 

 

𝐷 = 𝐷  sin (ω𝑡) 

𝐷 = − 𝐷 𝜔2 sin (ω𝑡) 

0 = [m]{𝐷} + [𝑘]{𝐷} 

0 = − m 𝐷 𝜔2 sin ω𝑡 + [𝑘] 𝐷  sin (ω𝑡) 
 

0 = − m 𝐷 𝜔2 + [𝑘] 𝐷  
 
 0 = (−[m]𝜔2 + [𝑘]) 𝐷  

 



 Mass 

 

Mass lumping 

 

m =
𝑚

2
1 0
0 1

 



 Mass 

 

Consistent mass metrix 

 

 

Beam: 

 

 

 

 [𝑁]𝑇 𝑁 𝜌𝐴 𝑑𝑥 =
𝑚

420

156 22𝐿 54 −13𝐿
22𝐿 4𝐿2 13𝐿 −3𝐿2

54
−13𝐿

13𝐿
−3𝐿2

156 −22𝐿
−22𝐿 4𝐿2

𝐿

0
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𝐸𝐼

𝐿3
12 −6𝐿
−6𝐿 −4𝐿2

− 𝜔2
𝑚

420
156 −22𝐿
−22𝐿 −4𝐿2

𝑣2
𝜃2

=
0
0

 

𝜔1 = 3,533
𝐸𝐼

𝑚𝐿3

1/2

 

𝜔2 = 34,81
𝐸𝐼

𝑚𝐿3

1/2
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𝜔1 = 3,533
𝐸𝐼

𝑚𝐿3

1/2

 

𝜔2 = 34,81
𝐸𝐼

𝑚𝐿3

1/2

 


