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A NUMERICAL SIMULATION OF THRUST BEARING PERFORMANCE WITH 
CONSIDERATION OF THE PAD ELASTIC DEFLECTIONS

Sum m ary. The paper presents results of numerical calculations of hydrodynamically lubricated 
thrust bearing with elastically deformed pads. Was taken into account two types of thrust pads : the 
stationary one and tilting one. The finite element method system "Algor" was used to calculate 
bearing sector pads deflections. The influence of bearing load, the dimensionless relative width of 
bearing B*= B/L and the thickness of the pad on the oil film properties have been examined.

1. The bearing and oil film geometry

In the theoretical researches the two design modifications of sector thrust bearing were considered : 
with stationary and tilting segments. The mentioned above types of the bearing pads are initially 
flat and then deflected under the oil film pressure distribution. The bearing and the oil film 
geometry are shown in Fig. 1.

Fig. l.The bearing and oil film geometry : a) stationary pad b) tilting pad
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The shape of the oil film for above mentioned modifications of the bearing pads is described by the 
equations (1) and (2); where disp(r,cp) is the value of deflection, hmin -  is the minimum film 
thickness

Kf,<p) = hmm +disp(r,(p) (1)

h(r,<p) = Km + ‘8 $ r s in (0 - cp) + Ra s in (0 -0 o)]+
(2)

+ tg^r  cos(e0 -<p) + Ra cos(e- e0) -  Rp -  Rm\+disp(r, <p)

The dependence (1) refers to the stationary pads and the equation (2) to the case of tilting segments.

2. Basis equations

In the paper is assumed the stationary load of the thrust bearing and laminar oil flow in the bearing 

clearance. The pad of a finite width is considered. It is assumed that heat transfer within the oil film 
takes place in the way of convection and does not exist heat flow from the oil film to surroundings. 

The changes of temperature across the oil film thickness were neglected. The oil viscosity depends 
on the temperature in agreement with the relationship :

r1= n 0eM™ - 7if (3)

where A, B are the constants which are determined experimentally, T is the temperature of oil film, 
T0 is the fiducial temperature.

Basing of the accepted assumptions the partial differential equations :

'r l.13 d p  \
b -  d d p )

c n  d r J r dtp d ę )
and

_d_
d r

, dT , dT 
+ q ^

, dh 6cor—  
d(p

dr
K _

127] (I)iet + i>T
rd ę]

(rco)2 7]

(4)

(5)

express the changes of the pressure (eq.4) and the temperaturą (eq.5) in the bearing clearance, 
where p is the oil film pressure, qr and q9 are the oil flows in radial and circumferential directions :

K  dp q = -  — n-4-
Hr 12 ' dr

h dp rh + —

127" d(p 2

(6)

(7 )
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3. Numerical solution procedure

In order to calculate the values of the pressure and temperature in the oil film, the equations (3) and
(4) were transformed to the dimensionless form and then to the difference equations. The bearing 
pad deflections caused by the hydrodynamic pressure distribution were calculated using FEA 
system "Algor".

The scheme of the finite element mesh for the stationary and tilting pads shows Fig.2.

Fig.2.Scheme of finite element mesh f o r :
a) stationary pad
b) tilting pad

( stârD The scheme of the iterative procedure 
making possible the calculation of the 
pressure, the temperature, the oil film 
thickness and the elastic deflection 
values in the nodes of the finite 
difference mesh shows Fig.3 ( in the 
case of the stationary thrust pads ).

Fig.3. Scheme 
procedure.

of numerical
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The input data to the program are the following:
-  bearing dimensions Ra , R ; , 0 , 0O

-  angle y
-  oil viscosity r|0 , oil density p0 , oil specific heat -  c
-  coefficients A, B (eq.l)
-  fiducial temperature T0 . leading edge temperature Tp

-  rotational speed co
-  number of pads N
-  bearing load
-  coordinates of the load position RF , 0F
-  iteration accuraces

4. Numerical calculations

The numerical calculations were realised to examine the influence o f :

-  type of the pad
-  segment stiffness
-  bearing load

. B
-  relative width B = —

L
on the oil film properties. The computations were carried out for :

-  3 variable values of the pad thickness : Hl=16 , H2=18 , H3=20 [mm]
-  2 variable values of the bearing load : F I=150 , F2=200 [kN]
-  5 variable values of B* param eter: 1.2-2.0 with step 0.2

In Table 1 was shown the values of inner and outer radii (R j  and R a) of the pads in dependence 
upon the B* parameter ( for number of segments N=10 )

Table 1 Values of R j, IT. radius of the pad

B* 1.2 1.4 1.6 1.8 2.0

R i rm] 0.128 0.110 0.095 0.082 0.071

... R a fml . 0.238 0.228 0.221 0.216 0.212

For all computation variants was accepted : the oil viscosity rio=0.109[Pas], coefficients 
A=-0.0572 , B =0.00025 [5], oil density p0= 883.5[kg/m3] , the leading edge temperature 

Tp=30[°C] and angular velocity of the rotor co = 50[rad/s] . In Fig. 4 was shown the thrust pads 
deflections ( in a contour map form ) caused by the oil film pressure for the stationary and the 

tilting pads.
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Fig.4,Thrust pad deflections distribution (for B*= 1.2 , H= 16 [mm] , F= 200 [kN]) [mm],
a) stationary pad

b) tilting pad

Tables 2 and 3 give the results of computations : the minimum film thickness hmin , the coefficient 
of friction ¡i , the oil film temperature rise AT , the inlet oil flow Qin and the oil film maximum 
pressure pmax.

Table 2 Results of computations in the case of stationary bearing pad

F  =  150  [k N ] F  =  2 00  [k N ]

B * 1.2 1.4 1.6 1.8 2.0 1.2 1.4 1.6 1.8 2 .0

H = 1 6

[m m ]

h m in  [Mm] 36.8 36.3 35.8 36.1 36.4 31.7 31.2 31.2 31.1 31.4

f t - ] 0.0074 0.0074 0.0074 0.0074 0.0078 0.0059 0.0059 0.0059 0.0060 0.0063

A T  [K ] 13.85 13.4 13.0 12.7 13.0 15.8 15.5 15.0 14.7 15.0

Q in  [d m 3/s] 0.074 0.065 0.060 0.056 0.047 0.078 0.067 0.060 0.056 0.045

I'll. : ■■: v .: J 3.32 3.28 3.15 3.20 3.16 4.68 4.53 4.50 4.40 4.35

H = 1 8

[m m ]

h m in  [tun] 36.9 36.3 36.0 36.2 36.0 31.8 31.3 31.4 31.2 31.0

n l - 1 0.0078 0.0077 0.0077 0.0076 0.0077 0.0061 0.0061 0.0061 0.0062 0.0062

A T i K ] 14.1 13.5 13.1 12.9 12.6 16.3 15.7 15.4 15.0 14.6

(,)ln _ 0.064 0.058 0.053 0.051 0.049 0.066 0.059 0.052 0.050 0.047

P t i- r t .V -  »’ 3.24 3.19 3.13 3.18 3.15 4.48 4.45 4.46 4.32 4.30

H = 2 0

[m m ]

h m in  TtUn] 37.0 36.5 36.6 36.4 36.1 32.0 31.4 31.5 31.4 31.1

0.0080 0.0079 0.0078 0.0078 0.0079 0.0063 0.0064 0.0063 0.0063 0.0064

A T f K l 14.3 13.8 13.4 13.0 12.7 16.4 16.0 15.6 15.0 14.9

O in  [d m 3/s] 0.058. 0.052 0.049 0.047 0.045 0.059 0.051 0.047 0.045 0.043

3.21 3.17 3.23 3.16 3.14 4.45 4.35 4.43 4.35 4.28
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Table 2 Results of computations in the case of tilting bearing pad

F  =  150  [k N l F  =  2 0 0  [k N ]

B * 1.2 1.4 1.6 1.8 2.0 1.2 1.4 1.6 1.8 2.0

H = 1 6

[m m ]

h m in  [ t ™ ] 46.2 44.2 42.6 41.6 40.5 37.2 35.7 34.7 34.4 33.2

b H 0.0034 0.0034 0.0035 0.0035 0.0036 0.0028 0.0028 0.0028 0.0028 0.0029

A T  [ K ] ' 47.5 44.9 42.6 41.4 41.3 56.2 54.7 52.3 53.7 51.5

Q in  [dm 3/s] 0.109 0.102 0.098 0.096 0.095 0.096 0.091 0.087 0.087 0.084

P m n J M P a ] 3.65 3.65 3.71 3.79 3.89 4.79 4.82 4.92 5.13 5.19

H = 1 8

[m m ]

45.6 43.7 42.5 41.1 40.2 36.4 35.0 34.4 33.9 32.9

B  [-1 0.0034 0.0034 0.0035 0.0036 0.0036 0.0028 0.0028 0.0028 0.0028 0.0029

A T  [K ] 47.8 44.7 44.0 41.0 41.7 56.0 53.4 53.9 54.0 53.1

Q in  [dm 3/s] 0.107 0.100 0.098 0.094 0.094 0.093 0.087 0.086 0.085 0.083

3.65 3.65 3.77 3.77 3.90 4.77 4.77 4.98 5.13 5.29

H = 2 0

[m m ]

45.3 43.6 42.4 41.4 40.0 36.0 34.9 33.9 33.3 32.6

B ( - l 0.0034 0.0034 0.0034 0.0035 0.0036 0.0028 0.0028 0.0028 0.0029 0.0029

A T  [K ] 48.4 46.0 45.0 43.7 41.6 55.8 55.6 53.0 51.7 53.6

Q in  [dm 3/s] 0.106 0.100 0.098 0.096 0.093 0.091 0.087 0.084 0.083 0.083

P m n v IM P a ] 3.66 3.70 3.80 3.87 3.90 4.75 4.87 4.94 5.05 5.33

Fig. 5 to 8 show the changes of the above presented results of computations.

a) b)
sta tio n a ry  pad

-  H l=16[m m )

• H 3=20(mm]

tilting pad

- H l=16[m m ] 

HA=20fmm]

Fig.5,The minimum film thickness variation with B* parameter 
a) F = 150 [kN] b )F  = 200[kN]
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Fig.6.The coefficient of friction variation with B* parameter 
a) F = 150 [kN] b) F = 200 [kN]
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Fig.7, The temperature rise in oil film variation with B* parameter 
a) F = 150 [kN] b) F = 200 [kN]
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Fig.8.The inlet oil flow variation with B* parameter 
a) F = 150 [kN] b) F = 200 [kN]
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5. Conclusions

1. The results of computations show the evident influence of the type of thrust bearing pad on the 

oil film properties.
2. The changes of the pad stiffness have the influence on the bearing characteristics.
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