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 The position of the planets for the planetary gear systems are in two forms of equally and unequally 
spaced. This paper investigates free vibration of the planetary gear with unequally spaced planets. The 
planetary gear set of this study is modeled as a set of lumped masses and springs. Each component such 
as sun gear, carrier, ring gear and planets possesses three degrees of freedom and is considered as rigid 
body. Bearing and mesh stiffness are modeled in the form of linear springs. Generally, planet, 
rotational, translational, distinct and degenerate modes are five vibration modes of the planetary gear 
systems. The results show that the translational mode for the system with numbers of even equally and 
unequally spaced planets, is different and rotational and translational modes have the same 
characteristics for both systems. For the system with numbers of even unequally spaced planets, the 
natural frequencies of the translational modes have a multiplicity one. When the numbers of the planets 
of the system are odd and the position of them is unequally spaced, the rotational and planet modes are 
generated and the natural frequencies of the translational modes do not appear. For the distinct and 
degenerate modes of the system with unequally spaced planets, the planets only have the rotational 
motion. 
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Fig. 1 Lumped parameter 2D model of the single-stage spur planetary 
gear and system coordinates 
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Fig. 2 Mesh of the  planet, ring and sun gears 
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Table 1 Natural frequencies of this study and Ref. [4] 

)Hz(  
  [4]  

(%)    
  = 0 = 0 0    

  = 1537.3 = 1536.6 0.04    
  = 1809 = 1808.2 0.04    
  = 1971.5 = 1970.6 0.04    

  = 2626.9 = 2625.7 0.04  
  = 5966.7 = 5963.8 0.04  
  = 6985.2 = 6981.7 0.05   
  = 7777.4 = 7773.6 0.04  

  = 13077.7 = 13071.1 0.05  
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2   
Table 2 Numerical parameters of the single-stage spur planetary gear  

  
  
      

 
   

I/r2 )kg(  0.61  0.39  3  6.29  
) kg(  0.66  0.4  2.35  5.43  
 )mm(  100.3  77.4  275  176.8  
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b) Planet mode: 

= 1808.2 Hz  
a) Rotational mode: 

= 1536.6 Hz 

    
d) Translational mode:  

= 727 Hz 
c) Translational mode: 

= 727 Hz  
Fig. 3 Types of vibration modes of the system with four equally spaced 
planets  
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Table 3 Natural frequencies and vibration modes of the system with 
four equally and unequally spaced planets 
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[Hz] 

( = 1)  

0  0   
1537.3  1536.6    
1971.5  1970.6    
2626.9  2625.7    
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13077.7  13071.1    
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—  727    
—  1091    
—  1892.8    
—  2342.5    
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1809  1808.2    
5966.7  5963.8    

6985.2  6981.7    
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( = 1)  

713.3, 739  —    
1085.5, 1095.3  —    
1859.2, 1937  —    

2330.6, 2357.6  —    
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9900.5, 10958.6  —    
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b) Planet mode: 

= 1809 Hz  
a) Rotational mode: 

= 1537.3 Hz 

    
d) Translational mode:  

= 1937 Hz 
c) Translational mode: 

= 1859.2 Hz  
Fig. 4 Types of vibration modes of the system with four unequally 
spaced planets  
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Fig. 5 Variation of the vibration modes of the system with four 
unequally spaced planets  
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Table 4 Natural frequencies and vibration modes of the system with six 
unequally spaced planets 

  

  

  

[Hz] 

( = 1)  

1581.3  0  
2625.6  2033.6    

15353.8  8346.9    

[Hz] 

= 3  

1809   
5966.7    

6985.2    

[Hz] 

( = 1)  

706.5  675.3    
1069.3  1027.8    
1943.9  1840.9    
2535  2496    

7814.4  7316.3    
12750.7  10913.1    

  

Fig. 6 Variation of the vibration modes of the system with six unequally 
spaced planets  
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Table 5 Natural frequencies and vibration modes of the system with 
three equally and unequally spaced planets 
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0  0   
1476.7  1475.7    
1931.2  1930.3    
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[Hz] 
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—  1102.4    
—  1896.0    
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[Hz] 

= 3  

—  —    

  

   
b) Planet mode: 

= — 
a) Rotational mode: 

= 2658.3 Hz 

  
c) Translational mode: 

= 1896 Hz  
Fig. 7 Types of vibration modes of the system with three equally spaced 
planets  
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b) Planet mode: 

= — 
a) Rotational mode: 

= 2659.7 Hz 

  
c) Translational mode: 

= — 
Fig. 8 Types of vibration modes of the system with three unequally 
spaced planets  
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Fig. 9 Variation of the vibration modes of the system with three 
unequally spaced planets  
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Fig. 10 Variation of the vibration modes of the system with five 
unequally spaced planets  
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Table 6 Natural frequencies and vibration modes of the system with 
five equally and unequally spaced planets 
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Table 7 Natural frequencies of the rotational systems for the fixed 
output (carrier) 

)Hz(    
  743.5  713.3  
 743.5  739  
 1002  988.2  

  1102.9  1085.5  
  1102.9  1085.5  
  1845.9  1809 
 1896.9  1839.3 
 1896.9  1859.6 
 2277.5  1937 
 2277.5  1937 

 

    
b) Degenerate mode: 

= 1085.5 Hz  
a) Distinct mode: 

= 713.3 Hz 
Fig. 11 Distinct and degenerate modes of the system with four 
unequally spaced planets  
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b) Degenerate mode: 

= 743.5 Hz  
a) Distinct mode: 

= 1002 Hz 
Fig. 12 Distinct and degenerate modes of the system with three equally 
spaced planets  
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