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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 2 Numerical parameters of the single-stage spur planetary gear  
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Fig. 3 Types of vibration modes of the system with four equally spaced 
planets  

 3  
  

  

 ) 
 .(

   

) 80120180260 300 27  (

24  .6 

  

3 
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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 
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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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b) Planet mode: 

= — 
a) Rotational mode: 

= 2658.3 Hz 

  
c) Translational mode: 
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Fig. 7 Types of vibration modes of the system with three equally spaced 
planets  
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= — 
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  
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  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  

 12 
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

12
.6

5.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

                            10 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.12.65.0
https://mme.modares.ac.ir/article-15-8470-fa.html


    

      

  

214  13951612  

6 -   

  
  

 .

   .

 
  .

 .

   .

 .  

 .

 
 .

 .

  

7 -   
( )  

 ) kg.m2( 
   )N/m( 
 ) N/m( 

K  
 ) kg( 

M  
   

q  
 ) m(  
 ) N.m(  
   

,    
  

 ) degree( 
 ) m(  
 ) Rad( 

 ) m(  
 ) degree(  
 ) Hz( 

  
  
   
   
  
  
   
   
  

,   

8 -   
[1] A. Kahraman, Planetary gear train dynamics, Journal of Mechanical Design, 

Vol. 116, No. 3, pp. 713–720, 1994. 
[2] A. Kahraman, Load sharing characteristics of planetary transmissions, 

Journal of Mechanism and Machine Theory, Vol. 29, No. 8, pp. 1151–1165, 
1994. 

[3] A. Kahraman, Natural modes of planetary gear trains, Journal of Sound and 
Vibration, Vol. 173, No. 1, pp. 125-130, 1994.  

[4] J. Lin, R.G. Parker, Analytical characterization of the unique properties of 
planetary gear free vibration, Journal of Vibration and Acoustics, Vol. 121, 
No. 3, pp. 316-321, 1999.  

[5] J. Lin, R.G. Parker, Sensitivity of planetary gear natural frequencies and 
vibration modes to model parameters, Journal of Sound and Vibration, Vol. 
228, No. 1, pp. 109-128, 1999. 

[6] R.G. Parker, S.M. Vijayakar, T. Imajo, Non–linear dynamic response of a 
spur gear pair: modeling and experimental comparisons, Journal of Sound 
and Vibration, Vol. 273, No. 3, pp. 435-455, 2000. 

[7] A. Kahraman, Free torsional vibration characteristics of compound planetray 
gear sests, Mechanism and Machine Theory, Vol. 36, No. 8, pp. 953-971, 
2001. 

[8] T. Geramitcioski, L. Trajcevski, Theoretical improvement of the planetary 
gear dynamic model, International Design Conference–Design, Dubrovnik, 
May 14 - 17, 2002. 

[9] A. Kahraman, A.A. Kharazi, M. Umrani, A deformable body dynamic 
analysis of planetary gears with thin rims, Journal of Sound and Vibration, 
Vol. 262, No. 3, pp. 752-768, 2003. 

[10] T. Sun, H. Y. Hu, Nonlinear dynamics of a planetary gear system with 
multiple clearances, Mechanism and Machine Theory, Vol. 38, No. 12, pp. 
1371-1390, 2003. 

[11] M. H. Sadeghi, A. Khosravi, Parametric design and manufacturing of 
precision forging dies of idler gear of peugeot 405 using cad/cam, Modares 
Mechanical Engineering, Vol. 8, No. 1, pp. 115-127, 2008. (in Persian 

). 
[12] K. J. Huang, S. R. Zhang, J. T. Tseng, Dynamic analysis of single-stage 

planetary gearings by the FE approach, Chung Hua Journal of Science and 
Engineering, Vol. 7, No. 2, pp. 27-33, 2009. 

[13] W. Kim, J. Y.  Lee, J. Chung, Dynamic analysis for a planetary gear with 
time-varing pressure angles and contact ratios, Journal of Sound and 
Vibration, Vol. 331, No. 4, pp. 883-901, 2012. 

[14] A. Saghafi, A. Farshidianfar, A. Akbari, Vibrations control of gear- bearing 
dynamic system, Modares Mechanical Engineering, Vol. 14, No. 6, pp. 135-
143, 2014. (in Persian ). 

[15] W. Sun, X. Ding, J. Wei, X. Hu, Q, Wang, An analyzing method of coupled 
modes in multi-stage planetary gear system, International Journal of 
Precision Engineering and Manufacturing, Vol. 15, No. 11, pp. 2357-2366, 
2014.  

[16] F. Shakeri Aski, M. Mirparizi, F. Sheykh Samani, M. A. Hajabasi, Vibration 
behavior optimization of planetary gear sets, Propultion and Power Research, 
Vol. 3, No. 4, pp. 196-206, 2014. 

[17] A. Saghafi, A. Farshidianfar, Bifurcation and chaos control in a gear 
transmission system, Modares Mechanical Engineering, Vol. 14, No. 14, pp. 
61-68, 2015. (in Persian ). 

[18] F. Lei, W. Shaoping, W. Xingjian, H. Feng, L. Huawei, Nonlinear dynamic 
modeling of a helicopter planetary gear train for carrier plate crack fault 
diagnosis, Chines Journal of Areonautics, Vol. 29, No. 3, pp. 675-687, 2016. 

[19] M. Beyaoui, M. Tounsi, K. Abboudi, N .Feki, L. Walha, M. Haddar, 
Dynamic behaviour of a wind turbine gear system with uncertainties, 
Comptes Rendus Mecanique, Vol. 334, No. 6, pp. 375-387, 2016. 

[20] L. Xiang, Y. Jia, A. Hu, Bifurcation and chaos analysis for    multi-freedom 
gear-bearing system with time-varying stiffness, Applied Mathematical 
Modelling, Vol. 40, No. 23, pp. 10506-10520, 2016. 

[21] A. Shahabi, F. Sheykh Samani, Natural frequencies and vibration modes of 
the single-stage spur planetary gear, Journal of Sound and Vibration, Vol. 5, 
No. 9, pp. 109-120, 2016. (in Persian ). 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

12
.6

5.
0 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

20
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.12.65.0
https://mme.modares.ac.ir/article-15-8470-fa.html
http://www.tcpdf.org

