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MEASURING DYNAMIC O I L  FILM COEFFICIENTS OF SLIDING BEARING 

Guan-ping Feng and Xi-kuan Tang 
Qinghua University 

The People's Republic of  China 

T h i s  paper presents a method for determining the dynamic coefficients of bearing 
oil  film. 
cients o f  the bearing have been determined. 
can be used i n  solving practical machine problems. 

By varying the support  st iffness and damping, eight dynamic coeffi- 
Simple and easy t o  apply, the method 

INTRODUCTION 

An understanding of the properties of s l  i d i  ng bearings i s important for sol vi ng 
the vibration problems of rotating machines, such as steam turbine generators. 
The dynamic oil  film coefficients of a s l i d i n g  bearing, as well as pedestal 
dynamic coefficients, are necessary for calculating ro tor  c r i t i ca l  speed, un- 
balance response, system stabi l i ty ,  etc. 
performing experiments on sliding bearings t o  obtain the eight dynamic oil  film 
coefficients and calculate the experiment results,  b u t  the t e s t  rigs are often 
very complex. 

This paper presents a method for determining the dynamic coefficients of the 
bearing oi l  film, us ing  a new continually-changing stiffness pedestal. 
ing twice the support st iffness,  eight dynamic coefficients of the bearing have 
been determined. The continuously-changing stiffness pedestal i s  described. 

Many experts have se t  up t e s t  rigs for 

By vary- 

1. A MEASURING PROCEDURE 

Figure 1 i l lus t ra tes  the measuring procedure f o r  determining the dynamic coef- 
f ic ient  of bearing oil  film. The procedure requires two steps: 

1.1 Determining the pedestal dynamic coefficients: 

The electr ic  or  hydraulic actuator is  f i r s t  used for actuating the pedestal 
vibration. According to  the actuating force amplitude and phase and the pedestal 
vibration amplituce and phase, the pedestal dynamic coefficients can be deter- . 

mined. 
t o  obtain Lite second pedestal dynamic coefficients. 

The two pedestal dynamic coefficients are important for determing the dynamic 
coefficients of the bearing oil  film. 

1 . 2  Determining the dynamic coefficients of bearing oil  film: 

The rotor i s  r u n  a t  the different speeds t o  obtain the pedestal vibration and 
the relative rotor vibration measurements. Next the pedestal st iffness i s  
changed, and the experiment is repeated. 

Next, the pedestal stiffness i s  changed, and the experiment is  repeated 

According t o  the amplitude and phase 
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measurements f o r  the r o t o r  and pedestal, the e igh t  dynamic c o e f f i c i e n t s  o f  
s l i d i n g  bearing w i l l  be determined. 

2. DETERMINING THE BEARING DYNAMIC OIL FILM COEFFICIENTS 

Figure 2 i l l u s t r a t e s  the model o f  s l i d i n g  bear ing and pedestal. 

The fo l low ing  no ta t ion  has been used: 

= hor izonta l  and v e r t i c a l  bear ing o i l  f i l m  s t i f f n e s s  c o e f f i c i e n t s  

= bear ing o i l  f i l m  c ross-s t i f fness  c o e f f i c i e n t s  

= hor izonta l  and v e r t i c a l  bear ing o i l  f i l m  damping c o e f f i c i e n t s  

= bear ing o i l  f i l m  cross-damping c o e f f i c i e n t s  

= hor izon ta l  and v e r t i c a l  pedestal' s t i f f n e s s  c o e f f i c i e n t s  

= pedestal cross-dampi ng c o e f f i c i e n t s  

Kxxs Kyy 

Kxy' Kyx 

cxxs cyy 

cxy' 

KIXX, K'yy 

K'xy' K'yx 

C'xy' C'yx 

el,,, C l Y y  = hor izonta l  and v e r t i c a l  pedestal damping c o e f f i c i e n t s  

= pedestal cross-damping c o e f f i c i e n t s  

The force between the r o t o r  and the bear ing o i l  f i l m  i s  

= the r o t o r  unbalance force being t ransmi t ted t o  the o i l  f i l m  'rx 9 'ry where: 

i n  the hor izon ta l  and v e r t i c a l  d i rec t i on ,  xr, yr = the  r o t o r  center displacement 
i n  the hor izonta l  and v e r t i c a l  d i r e c t i o n  r e l a t i v e  t o  the pedestal. 

The force being t ransmi t ted through the  o i l  f i l m  t o  the  pedestal can be 
represented by the fo l l ow ing  equation: 

'K' xx-tu2m PX K t  xy c ' x x  C'XY 1 
K'  y x  K' yy-w2m PY C '  y x  

ya = pedestal center displacement i n  the hor izonta l  and v e r t i c a l  'a 9 
where: 

= the mass of the pedestal i n  the hor izonta l  and v e r t i c a l  
PX' mPY 

d i rec t ion ,  m 
d i rec t ion .  
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Omitt ing considerat ion o f  the o i l  i n e r t i a ,  the equations o f  motion can be repre- 
sented by 

When the r o t o r  ro ta tes  a t  w, synchronous v ib ra t ions  o f  the r o t o r  occur. Assuming 
t h a t  the bear ing and pedestal are i n  contact ,  the v ib ra t ions  are given by 

x = X s inwt 
a1 a1 

= Y sin(wt-crl) 

x r l  = Xrlsin(wt-el) 

yrl = Yrlsin(wt-pl) 

y a l  a1 (4) 

I n  the same cond i t ion  when the pedestal s t i f f n e s s  i s  changed, the new v ib ra t i on  
of the r o t o r  and the pedestal are given by 

x = X s i n u t  
a2 a2 

= Y sin(wt-cr2) 

x = X ~ i n ( w t - 0 ~ )  

= Y sin(wt-p2) 

ya2 a2 

y r 2  r 2  

r 2  r 2  

Subs t i tu t ing  f o r  equation (2) using equations (4) and (5), according t o  
equations (1) and (3)  the necessary equation i s  yielded: 

where: 

= [A]- l [ G ]  

x cos01 Y cos@, wX sinel Y w i n g l  

- X  sinel -Y sinpl wX case, Y wcospl 

x cos02 Y c0sp2 wX sine2 Y wsinp2 

r 1 r l  r 1 r 1 

r 1 r 1 r 1 r 1 I r 2  r 2  r 2  r 2  

CAI = 

(5) 
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S i m  

a1 [ G I  = 
-m u2)X (K 'xx2 px a2 

1 1 C' ux - xx2 a2 
l a r l y ,  i n  the d i r e c t i o n  Y, the equat 

where: 

CB1 = 

C W l  = 

= [B]-I[W] 

on i s  given by 

Y usingl X usinel 
r I 

r 1 t ^ l  r l  

r 2  

r 2  1'2 r 2  

singl - X  sinel Y ucosg1 x ucosel 

X usine2 

- X  sine2 Y ucosg2 x W C O S ~ ~  

Y usinal 
Y Y l  a1 

-w2m )Y cosa2+C' Y usina2 

-u2m )Y s i  na2+C'yy2Ya2u~~~a2 
YY2 PY a2 YY2 a2 

YYZ PY a2 

According t o  the experimental set-up, assuming t h a t  c ross-s t i f fness  and damping 
coef f i c ien ts  are equal t o  zero, the  bear ing o i l  f i l m  c o e f f i c i e n t s  are ca lcu la ted  
by using equations (6) and (7). I f  the c ross-s t i f fness  and damping are no t  equal 
t o  zero, the ca l cu la t i on  i s  s im i la r .  

3. EXPERIMENTAL SET-UP AND MEASURING INSTRUMENTS 

3.1 Experimental equipment 

Figure 3 i l l u s t r a t e s  the  const ruct ion o f  the pedestal, i n  which the s t i f f n e s s  can 
be changed by varying the  o i l  pressure. When the o i l  pressure i s  changed, i t  af -  
f ec ts  the s t i f f n e s s  o f  the b u t t e r f l y  spring. 

3.2 Measuring instruments 

Figure 4 i l l u s t r a t e s  the measuring instruments. Two eddy cur ren t  probes are 
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used t o  measure r o t o r  v ibrat ion.  
pedestal v ib ra t ion .  The D i g i t a l  Vector F i l t e r  (DVF 2) i s  used t o  measure the 
speed (rpm), phase, and amplitude. 

Two ve loc i t y  probes are used t o  measure 

CONCLUSIONS AND RECOMMENDATIONS 

Table 1 shows the experimental r e s u l t s  o f  020 s l i d i n g  bear ing o i l  f i l m  s t i f f n e s s  
and damping coef f i c ien ts .  Most o f  the data are reasonable. The ind i v idua l  data 
are scattered, such as i nd i v idua l  c ross-s t i f fness  coe f f i c i en ts  being l a rge r  than 
hor izonta l  and v e r t i c a l  s t i f f n e s s  coe f f i c i en ts  a t  a s p e c i f i c  speed, due t o  mea- 
sur ing errors.  
e r r o r  o f  5%. When apply ing t h i s  method t o  t he  measurement o f  o i l  f i l m  coe f f i -  
c ients ,  it i s  important t o  use the same pedestal and foundation. Changing the 
pedestal and foundation causes measurement e r ro rs  o f  the o i l  f i l m  coe f f i c i en ts .  

F o r  example, the measuring phase e r r o r  o f  2' causes a c o e f f i c i e n t  

By varying the support s t i f f ness ,  e igh t  dynamic c o e f f i c i e n t s  o f  the bear ing have 
been determined. The method i s  simple and easy t o  apply. 
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Speed 
( v m )  

2000 
3000 
4000 
5000 
6000 
7000 
8000 
9000 
10000 
11000 

kxx kyy 
( W P  1 k g h  1 

0.19 0.120 
0.245 0.163 
0.55 0.287 
0.04 0.064 
0.134 0.07 
0.075 0.139 
0.105 0.212 
0.203 0.197 
0.348 0.296 
0.375 0.352 

kXY 
( k g h  1 

-0.061 
-0.11 
-0.23 
0.081 
0.096 
0.020 
-0.016 
0.001 
0.078 
0.021 

0.057 
0.043 
0.102 
-0.042 
0.037 
0.16 
-0.11 
0.018 
0.062 
-0.030 

cxx 
( kg - s/cm) 
0.67 
0.84 
0.031 
-0.078 
0.66 
0.42 
0.67 
-0.013 
0.076 
0.26 

cYY 
( kg - s/cm) CXY cYX 

(kg-dcm) (kg-s/cm) 

0.038 
0.61 
-0.075 
0.37 
0.45 
0.024 
0.41 
0.07 
0.105 
-0.24 

0.45 
-0.002 
-0.03 
0.043 
-0.018 
0.34 
1.28 
-0.31 
0.69 
-0.78 

0.89 
-0.23 
-0.67 
0.045 
-0.051 
-0.046 
-0.062 
0.76 
0.46 
0.087 

Table 1 THE EXPERIMENTAL RESULT FOR 020 SLIDING BEARING 
OIL FILM DYNAMIC COEFFICIENTS 

Figure 1. - Measuring procedure. 

\ 

T foundation 

Figure 2. - Hodel of slidinn bearing and pedestal. 
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Figure 3. - Construction of pedestal with variable stiffness. 

Figure 4. - Measuring instrunents and their connection. 
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