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Oil journal bearings are one of the most common parts of high load carrying rotating machine.
Stability of these bearings can be affected by various stimulus such as changes in loading and
lubrication conditions. Therefore, identification of the dynamic response of journal bearings can
improve the control and fault detection process of rotor-bearings systems and prevent them from
placing in critical operation condition. For many years, the mass unbalance of rotor has
beenproposed as an effective factor on the dynamic behavior and long life of bearings. For this
reason, in this research the effects of this parameter on the stability of hydrodynamic two lobe
noncircular journal bearing with micropolar lubricant is investigated based on the nonlinear
dynamic model. To achieve this goal, the governing Reynolds equation is modified with respect to
micropolar fluid theory and the equations of rotor motion are derived considering the mass
unbalance parameter. The static and dynamic pressure distributions of the lubricant film and the
components of displacement, velocity and acceleration of the rotor are obtained by simultaneous
solution of the Reynolds equation and the equations of rotor motion. Investigation of results in
terms of dynamic trajectory, power spectrum, bifurcation diagram and Poincare map show that
the dynamic behavior of two lobe bearings appears in different manner with variation of mass
unbalance of rotor. The response of analyzed dynamic system includes converging oscillations to
the equilibrium point, periodic, KT periodic and quasi periodic behavior and also divergent
disturbances, which leads to collision between the rotor and bearing.

Keywords:
Dynamic stability
Noncircular Two Lobe Journal Bearing
Mass Unbalance of Rotor
Micropolar Lubricant
Bifurcation Diagram

  

1 -   
   

   
  



    

       

139415 7  161  

   .

  .
   

 
   

 .
 

 
 

   .  
  

 1  .

 
 . 2

3 4 
    .

70  
 ]1[ .  

 
60 ]2[ . 

5 
  . 

  .
 . 

 
     .  

 
 

  ]4[ . 
6 7 8

9   
 

 10 
 .

1- Suspension 
2- Power Law
3- Viscoelastic 
4- Micropolar 
5- Lobe 
6- Load Carrying Capacity 
7- Friction Force 
8- Aspect Ratio 
9- Eccentricity Ratio 
10- Side Leakage 

80 11 
 ]5[ .

  
 .  

 12 13 
 

]6-8[ .
   

      
    

 
 

 .
  

   
  .

  2004  
14 ]9[ .

 

15 
16 17 

  .

 .2005 
 

 
]10[ . 

  
  .2007 

 18 
]11[ .

    
 

11- Finite Element Method (FEM) 
12- Preload 
13- Mount and Tilt Angles 
14- Linear Dynamic model 
15- Stiffness and Damping Coefficients  
16- Critical Mass Parameter 
17- Whirl Frequency Ratio 
18- Elliptical Journal Bearings



    

       

  

162  1394157  

1

234 5 
   .

  
  .2009 

 
 6 ]12[ .

7  
KT 8  

  .2010 
   

 ]13[ .

KT 9 
 . 

 ]14[ .
KT 

 
10   .  

 
  
2011 ]15[ . 

  . 
 

 
 

  .
 2013 

 
]16[ . 

11  
  . 

   .

2013 
 ]17[ .   

 

1- Dynamic Trajectory
2- Power Spectrum
3- Phase Portrait
4- Bifurcation Diagram
5- Poincare Map 
6- Micro Electro Mechanical Systems (MEMS)
7- Limit Cycle Oscillations
8- Periodic and KT Periodic Behaviors
9- Quasi Periodic
10- Rotor Mass Unbalance
11- Differential Transformation and the Finite Difference Method (FDM)

 . 
 .

 
 .

2014 12 
 13 

 ]18[ .
 . 

 .
 

2014  ]19[ .
 

 . 
14  .

 
   .2014 

 15 ]20[ . 
  

  
  . 

   
  

 . 
  16 

  2014 
 ]21[ .  

  
  17 

 .

 
 .  

   
 

  
 .

 

  

12- Bifurcation and Chaotic Analysis
13- Axial Groove Gas Journal Bearings
14- hooting and Newmark Methods
15- Externally Pressurized Double Air Films Bearing System
16- Deep Groove Ball Bearing
17- Gyroscopic Moments, Rotary Inertia and Shear Deformation



    

       

139415 7  163  

-1    .
  

 
  

  .  

2 -   
 

  . 
    

   .1
 

 
  

2-1-   
   

   
) 1)  (2 (]9[.  

  

)1( 

N, , + N, ,

= 6 + 12  

)2( N, , = + 12 6N coth
N
2

 

 N     
   )3)   (4(  

 
]4[.  

  

)3( + = 6 + 12  

)4( N, , =  

  
  .N  

  2 
  . 3 

  .N 
 ]1,0[   .

)  0 (
) 1 ( 

 .
 . 

  

1- Galerkin Finite Element and Forth Order Runge-Kutta Methods
2- Coupling Number Galerkin Finite Element Method
3- Characteristic Length of Micropolar Fluid

)l ()  ,0 (
 .l 

  .
)l (  

]4[  .  
 ) 5 (  

)5( = z =
2

h = p = =  

 ) 1)  (6 (]10[:  

 
 

)6( 

(N, l , h)
p

+ z
(N, l , h)

p
z

= 6
h

+ 12
h

 

 ) 7 (   

  

)7( 

(N, l , h) = N, ,

= h + 12
h
l

6
Nh
l coth

Nhl
2  

1
  

) 8 (]6[.  

)8(           h =
1

X cos Y sin +
1

1 cos( ) 

,  ...,2,1 =   .
)8(X , Y  

   
 . )  (

 
) (

  
)

  

  
)

 1   ( )  ( )   



    

       

  

164  1394157  

 )  1,0 .  (  
1 =  

 ]7[ .  
     ) 6 (

) 9 (   

)9-   =   = 0 

)9-   = =   = d d = 0 

)9-   = ± 2  = 0 
  

) 9-  (
   .

 1 
  .

  
  

 
 .

 

 .  
  

 
 .

  
  .

2  ]6[.  
  

2-2-   

 
   .

)10)  (6 (  .  

  

  

(N, l , h ) +

(N, l , h ) = 6   

)10(  (N, l , h ) = h + 12 6 coth   

  
  ]22[ .  

)10(  
) 11 (   

  

)11( 

(N, l , h ) +

(N, l , h ) 6 N d dz = 0
  

) 11(N A   .
 p 

 ) 12 (  

)12( p = Ne
=1 p ( )  

e n  N 
p   . 
   

3 
) 13 ( ]13[.  

)13( N ( , ) = (1 + )(1 + )  
) 13)   (12 ( 

 
) 14 (  

  

)14( [F] {p} + {Q} = {V}  
  F V Q ) 14 (
) 15) (16)  (17 (   

  

  

)15(  

F = (N, l , h )
N N

+
N
z

N
z d dz 

  

)16(  

Q = (N, l , h ) 6h N dz +

(N, l , h ) N d

)17( V = 6h d dz

 S    . 
) 14 ( ) 18 (  

  
 2   

  
 3 ( , )   



    

       

139415 7  165  

  

)18( [F] × {p } × + {Q} × = {V} ×   

    ) 18 ( 
 )  .9 (

p    .
 Q ) 16 (
 

) 18 .  (
) 18 (

 ]14[.  
  

2-3-    

1 ) 19) (20 (
)21 (]6[.  

)19(  
F
F =

F
F

= p cos
sin d dz  

 FX0 FY0   
 X Y   .

  

)20(  W = = F + F  

    
) 21 (   

)21( = Arc tan X Y  
  

2-4 -   

 
 

  .
) 10 (  . 

)6 () 22 (   
  

  

  

)22( 

(N, l , h)
p

+ z
(N, l , h)

p
z

6
h

+ 12
h

N d dz = 0 
 

 p = N p ( ) 
 

) 23 ( 
 .  

)23 -    p , z, = 0  

)23 -   p , z, = , z, = 0  

)23 -   p( , ±1, ) = 0  

1- Attitude Angle  

2-5 -      
 

4 - 
 .

  
 .  

    4- 
X Y ) 24 (   

)24 -   d
d = ( ) + cos( )

)24 -   d
d = ( ) + sin( ) 

  ( ) 
 

 .( ) ) 25 (   
  

)25( = =
  

( ) ( )  

  . 
) 26 ( ]17[.  

  

)26( =
2

F
F = p cos

sin d dz 
  

A 
p = p X , Y , V , V ,       

 ) 27 () 24(:   
  

  

)27( 
= X = Y  

M = ( ) = ( )   
  

  
)  

  
)

4  ( )  ( )  
 



    

       

  

166  1394157  

 ) 28 (   

)28 -   A =
d X
d =

F F
M + M cos( )

)28 -   A =
d Y
d =

F F
M + M sin( ) 

  ) 29(  

)29( S = X S = Y S = V S = V

   ) 30(  .  

)30 -  
dS
d = S  

)30 -   dS
d = S  

)30 -   dS
d =

F F
M + M cos( ) 

)30 -   dS
d =

F F
M + M sin( ) 

 )22(  )30 (
   ) 31(    

    

  .
X , Y p 

  ]14[ .
 

  .
 ) 31 - )  (31-  (
 -1   .

 
   .

   .

) 26 (
  .  

3 -    
 

   .
 

   .
-4300/  

  .  

1 
  .

1- Fourth Order Runge-Kutta Method  

  )10 (
)22(

   .

00001/0    
500000  

     .
 

  .   
    .  
  2 

     .

   .  
 (T)   .

 
 .Z 

 .   
  

 
  

 .  

4 - 

 1   .  
 

) 32 (   
  

)32(  X = 0.1 Y = 0.1 V = 0.0 V = 0.0   
    

 
     .  

(W ) ( ) 
2

   
  

1   
        

   2 -10×5/6  Pa. s 

   868  kg/m

   075/0  m 

    6 -10×375  m 
   5000  rpm 

   150/0  m 

2- Fast Fourier Transform (FFT) 

)31 -  
dS
d = f (p, S , S , S , S , ) = 1,2,3,4

)31 -   p = g (S , S , S , S , ) = 1,2, … ,



    

       

139415 7  167  

 .5 
( ) 

(M )

 6- 
  .   

    5  ]10[ 

    .
6 

  .  
  

2   
  = 1.0N = 0.5 l = 9   

 
FEM  GDQ 1 ]6[

W   W   
2/0  747/0  93/72  753/0  92/72  

4/0  859/1  83/60  871/1  81/60  

6/0  185/4  27/47  212/4  24/48  

8/0  22/12  08/34  34/12  99/33  
  

  
)  

  
)  

5 ( = )  
( )  (M )  

 (l )  
= 0.5 N = 0.5  

      

1- Generalized Differential Quadrature (GDQ) Method  

    
) M = 9.50  )( M = 10.37  

    
)( M = 12.50  )( M = 15.0  

6 
= 0.5 N = 0.5  l = 9 = 1   (   (

  (    (   

3  
  = 1.0 = 0.6= 0.5  

N  
  

  
l  

1  3  7  12  30  

  
 4384/0  4384/0  4384/0  4384/0  4384/0  

M805/13  805/13  805/13  805/13  805/13  

2/0  
 4382/0  4371/0  4345/0  4337/0  4353/0

M809/13  916/13  175/14  306/14174/14

4/0  
 4375/0  4326/0  4273/0  4283/0  4334/0  

M876/13  339/14  978/14  971/14  422/14  

6/0  
 4354/0  4234/0  4178/0  4230/0  4319/0  

M064/14278/15141/16674/15  629/14  

8/0  
 4289/0  4034/0  4045/0  4172/0  4304/0  

M659/14  542/17  859/17  443/16  817/14
  

 
   

 
  . 3 

 
 (M ) 

( )

6-   .3   
 

 .
 

 .
3    

  



    

       

  

168  1394157  

) 1:( = 0.60 = 1 W = 1N = 0.5l = 20 M =10 = 0.00001 (m)  

      
)  )  )  

      
)  )  )  

7    ( )    ( ) ( )      ( )  
   ( )     ( ) 1     ( )  

) 2:( = 0.60 = 1 W = 1N = 0.5l = 20 M =10 = 0.00011 (m)  

      
)  )  )  

      
)  )  )  

8  ( )   ( )   ( )    ( )  ( )  ( )  

  
  
  

1- Power Spectrumof (PS X) 



    

       

139415 7  169  

) 3:( = 0.60 = 1 W = 1N = 0.5l = 20 M =10 = 0.00018 (m)  

      
) ) ) 

      
)  )  )  

9  ( )   ( )   ( )    ( )   ( )  ( )  

) 4:( = 0.60 = 1 W = 1N = 0.5l = 20 M =10 = 0.00024 (m)  

      
)  )  )  

      
)  )  )  

10  ( )   ( )   ( )    ( )   ( )  ( )  

( ) 
  

 7 
11 

 
 

   .  
     7 

( ) 00001/0 
  .

)  7- )   (7-  (
 .

  7- 
  .  

) 7-  (
  .7- 

7- 
  

    
  
  

  



    

       

  

170  1394157  

) 5:( = 0.60 = 1 W = 1N = 0.5l = 20 M =10  = 0.00035 (m)  

      
)  )  )  

      
)  )  )  

11  ( )   ( )   ( )    ( )   ( )   ( )  

    
)  )  

12       ( )  
= 1.0W = 1.0N = 0.5 M = 10 l = 20    = 0.60  

   
 .7- 

  
   8 11 

   .
7- 

  .

(m) 00001/0 =  .

 8 11  .8 
(m) 00011/0 =  .KT 

2T 9 (m) 00018/0 =
 10 (m) 

00024/0 = 
  ( )  . 7 11

 
  .

 ( )    .

 
   

 ( )  .
8 11  

  .
  

 
( )  

  
  

 



    

       

139415 7  171  

  
12   . 12 - 

  .
) 0 = (

00016/0< 00001/0 
00022/0 00016/0 KT  

00025/0< 00022/0   .
00051/0< 00025/0 

11KT 

 )00051/0>(
 .

 
 

  
 .  

5 -    

 
   .

 
- 

  .

   .
   

1 (
(N)  (l )

 (M ) 
( )  .  

2 (
   .

KT 
  

3 ( 

   .  

6 -   
    

 )m(  

 )m(  
  )m(  

  

BO  

JO    
 )kgm-1s-2(
  )m(  

   
   
 )kgm-1s-1(  
 )m(  
   )rad s-1(  
   
    
   
    

7 -   
[1] A. Eringen, Theory of micropolar fluids Journal of Applied Mathematics

and Mechanics Vol. 16, pp. 1-18, 1966.
[2] O. Pinkus, Analysis of elliptical bearings, ASME Transactions. Journal of

basic Engineering Vol. 78, pp. 965-973, 1956.
[3] S. Allen, K. Kline, Lubrication theory for micropolar fluids Journal of

Applied Mechanics Vol. 23, pp. 646-650, 1971.
[4] M.M. Khonsari, D.E. Brewe, On the performance of finite journal

bearing lubricated with micropolar fluids Tribology Trans Vol. 32, pp.
155-160, 1989.

[5] M. Malik, M. Chandra, R. Sinhasan, Design data for three lobe bearing,
ASLE Trans,Vol. 24, pp. 171-178, 1981.

[6] A.D. Rahmatabadi, M. Zare Mehrjardi, M.R. Fazel, Performance analysis
of micropolar lubricated journal bearings using GDQ method. Tribology
Int., Vol. 43, pp. 2000-2009. 2010.

[7] A.D. Rahmatabadi, M.Nekoeimehr, R. Rashidi, Micropolar lubricant
effects on the performance of noncircular lobed bearings. Tribology Int.,
Vol. 43, pp. 404-413.2010.

[8] A.D. Rahmatabadi, R. Rashidi, Effect of mount angle on static and
dynamic characteristics of gas-lubricated noncircular journal bearings,
Iranian Journal of Technol. Trans. B, Eng.,Vol. 30, pp.327-337, 2006.

[9] S.Das, S.K. Guha,A.K. Chattopadhyay, Linear stability analysis of
hydrodynamic journal bearings under micropolar lubrication,
Tribology Int Vol. 38, pp. 500-507, 2004.

[10] S. Das, S.K. Guha, A.K. Chattopadhyay, Theoretical analysis of stability
characteristics of hydrodynamic journal bearings lubricated with
micropolar fluids, Tribology Int, Vol. 35, pp. 201-210, 2005.

[11] K. Prabhakaran Nair V. P. Sukumaran Nair, N. H. Jayadas, Static and
dynamic of elasto-hydrodynamic elliptical journal bearing with
micropolar lubricant, Tribology Int., Vol. 40, pp. 297-305, 2007.

[12] J.B. Zhou, J.Y. Chen, W.M. Zhang, Bifurcation analysis of ultra short self-
acting gas journal bearings for MEMS, IEEE Trans on Industrial
Electronics Vol. 56 (8), pp. 3188 3194, 2009.

[13] R. Rashidi, A. Karami Mohammadi, F. Bakhtiari Nejad, Preload effect on
nonlinear dynamic behavior of rigid rotor supported by noncircular
gas journal bearing Nonlinear Dynamics Vol. 60, pp. 231-253 2010.

[14] R. Rashidi, A. Karami Mohammadi, F. Bbakhtiarinejad, Rotor mass
effects on nonlinear dynamic behaviour of aerodynamic noncircular
journal bearing systems Iranian Journal of Sci and Technol, Trans B:
Eng Vol. 34, pp 215-230, 2010.

[15] J. Ying, Y. Jiao, Z.Chen,Nonlinear dynamics analysis of tilting pad
journal bearing-rotor system, Journal of Shock and Vibration Vol. 18,
pp.45-52, 2011

[16] C.C Wang, C.C Wang, Bifurcation and nonlinear dynamic analysis of
noncircular aerodynamic journal bearing system, Nonlinear Dynamics
Vol. 72, pp. 477-489, 2013.

[17] M. Shi, D. Wang, J. Zhang, Nonlinear dynamic analysis of vertical
rotor-bearing system, Journal of Mechanical Science and Technology,
Vol. 27, pp. 9-19, 2013.

[18] Y. Zhang, D. Hei, Y. Lü, Q. Wang, N. Müller, Bifurcation and chaos
analysis of nonlinear rotor system with axial-grooved gas-lubricated
journal bearing support, Chinese Journal of Mechanical Engineering Vol.
27, pp 358-368, 2014.



    

       

  

172  1394157  

[19] C. Li, S. Zhou, S. Jiang, H. Yu, B.Wen, Investigation on the stability of
periodic motions of flexible rotor-bearing system with two unbalanced
disks, Journal of Mechanical Science Vol. 28, pp. 2561-2579, 2014.

[20] C.C. Wang, C.C. Liu, C. C. Wang, Bifurcation and nonlinear dynamic
analysis of externally pressurized double air films bearing system,
Mathematical Problems in Engineering Vol. 1, pp. 1-10, 2014.

[21] T. C. Gupta, K. Gupta, D. K. Sehgal, Nonlinear vibration analysis of an
unbalanced flexible rotor supported by ball bearings with radial
internal clearance, ASME Turbo Expo Conference: Structures and
Dynamics Vol. 5, pp. 1289-1298, 2014.

[22] J. Reddy, An introduction to the finite element method McGraw-Hill,
U.S.A,1984.

  
  
  
  
  
  
  


