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Abstract: - The paper is dedicated to some original experimental researches aiming to determine the 
damping coefficient for lateral displacement c in case of two rotors in console. We have described the 
experimental installation, the measuring chain and its components. The results of measuring in air and 
water are also covered in the paper. 
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1. INTRODUCTION 
 
 The issues of the rotors dynamic in machines and 
mechanical devices led to the necessity of getting 
some own experimental information to provide 
specific numerical values for some of the parameters 
analysed. As can be seen, the literature presents a 
series of experimental research focused on different 
points of the analysis of producing and reducing the 
level of vibration in rotors. 

 
2. MOTION EQUATIONS OF 
UNBALANCED ROTORS FOR DAMPED 
VIBRATIONS 
 
 During the forced damped vibrations, the 
response lags behind excitation due to energy 
dissipation by damping. 

We derived the equations of motions considering 
depreciation as been negligible. The rotor has static 
imbalance with eccentricity eC and imbalance torque 
angle . If considered a linear viscous type and 
neglecting the effect of own weight, this system is 
[1],[2]: 
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where we noted 
c - damping coefficient for transverse displacement; 
1c  - rotation damping coefficient. 

 
If you make the transition to complex variables 

and note 
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equations (1) become: 
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For static imbalance (due to place the disk on the 

eccentricity shaft, so 0,0Ce ), differential 
equations of motions [1],[2] are: 
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The form of particular solution of this system is: 
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If you enter relations (5) in system (4), 1A , 2A , 

1B , 2B  constant expressions are obtained, 
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For torque imbalance (due to tilting mounting of 

the disc on the shaft so 0,0Ce ), differential 
equations of motion [1],[2] are: 
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The particular solution of this system is: 
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 If these expressions are inserted in system (11), 

1C , 2C , 1D  i 2D  constant expressions are 
obtained. 
 
3. EXPERIMENTAL MEASUREMENTS 
 

The experimental installation (figure 1) is 
composed of a support with supportive role on 
which we mounted a shaft drive system made of a 
drill. The console installation of the shaft is made 
with two bearings which prevents both the angular 
and lateral play in the joint [1]. 

 
The general characteristics of the two discs are in 

table 1. 
  
Table 1.  General characteristics 

Discs Disc 1 Disc 2 
Mass [kg] M = 0,627 M = 0,727 

Jd = 1,8975· 10-3 Jd = 3,0564· 10-3 Mechanical 
moments of 

inertia 
[kgm2] Jp = 3,7947·10-3 Jp = 6,089·10-3 

 
 

Figure 1. Experimental installation and location of the 
four accelerometers in the experimental installation. 
 

In figure 2 there is a block diagram of the 
measuring chain used for experimental vibration 
determinations.  

 
  

Figure 2. Block diagram of the measuring chain used for 
experimental determinations of vibration level  

 
The measurement results are in tables 2 – 5 and 

figures 3 – 6. The accelerometers used for 
experimental determinations are A0, A1, A2 and A3. 
 
Table 2.  Air experimental values for disc 1  

Frequency   
[Hz] 8 9 10 11 14 
Angular 
velocity  
[s-1] 50 57 63 69 88 
Acceleration [m/s2] 

A0 0,06 0,06 0,14 0,35 0,3 
A1 0,14 0,18 0,48 0,52 0,54 
A2 0,1 0,12 0,28 0,54 0,48 
A3 0,08 0,075 0,1 0,56 0,44 

 
Table 3.  Air experimental values for disc 2  

Frequency  
[Hz] 7 8 9 16 18 
Angular 
velocity  

 [s-1] 44 50 57 101 113 
Acceleration [m/s2] 

A0 0,05 0,08 0,6 0,4 0,6 
A1 0,2 0,62 0,42 0,28 0,45 
A2 0,08 0,1 0,9 0,64 0,95 
A3 0,05 0,05 0,8 0,58 0,8 
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Table 4.  Water experimental values for disc 1  

Frequency   
[Hz] 7 8 9 10 11 
Angular 
velocity 
  [s-1] 44 50 57 63 69 
Acceleration [m/s2] 

A0 0,05 0,06 0,12 0,17 0,33 
A1 0,075 0,095 0,19 0,29 0,28 
A2 0,075 0,095 0,2 0,3 0,5 
A3 0,06 0,075 0,135 0,185 0,5 

 
Table 5.  Water experimental values for disc 2 

Frequency   
[Hz] 6 7 8 9 
Angular 
velocity  
[s-1] 38 44 50 57 
Acceleration [m/s2] 

A0 0,025 0,08 0,03 0,04 
A1 0,075 0,2 0,15 0,18 
A2 0,04 0,1 0,05 0,08 
A3 0,04 0,1 0,035 0,04 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Amplitude diagrams of dominance components 
of acceleration for disc 1 in air. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Amplitude diagram of dominance components 
of acceleration for disc 2 in air. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Amplitude diagrams of dominance components 
of acceleration for disc 1 in water. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Amplitude diagrams of dominance components 
of acceleration for disc 2 in water. 
 
 
3. EXPERIMENTAL DETERMINATION OF 
DAMPING COEFFICIENT FOR 
DISPLACEMENT C 
 

There the hypothesis that bearings accelerations 
are proportional to acceleration of disc mass center. 

Therefore, 
,AkAx                      (13) 

in which we noted: 
 xA  -  displacement amplitude at the bearing 

measuring point; 
 A  - displacement amplitude of mass center 

of  eccentric disk (calculated by using the 

formula  2
2

2
1 AAA where 1A , 2A , it 

resulted from formulas 6 and 7); 
 k  - a coefficient of proportionality. 

 
The damping coefficient 1c  is still neglected. 

The c value is seeking for  which the curve c
xA  

is closest to the measured values 
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Accordingly, the deviation is minimized 
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in which we noted 

 calculated values of parameter a for 
amortization, 

                          ;,caca ii                       (16) 

 weights iq . 

 
The parameter c is resulted from the equation: 
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By numerically solving this c nonlinear 

equation we obtain the values in table 6.  
 

Table 6.  Experimental values   
Discs Disc 1 Disc 2 

c   08,3  06,15  
 
Theoretical curves and experimental values for the 
two discs are in figures 7 and 8. 
 

 

Figure 7. Theoretical curves and experimental values for 
disc 1 
 
 
 

 

Figure 8.  Theoretical curves and experimental values for 
disc 2  
 
4. CONCLUSIONS 
 
 In this paper an original analytical and 
experimental method has been presented for 
obtaining the damping coefficient of displacement c 
for a rotor immersed in viscous fluid.  
 For this there has been used an experimental 
installation made by the first author of the paper. 
Based on the measurements made by using that 
installation we have determined the values of 
damping coefficient for movement c for two discs 
on the console shaft and water immersed. 
 By analyzing the measured signals and their 
spectra we can note that the air oscillations 
amplitudes for movement c are higher than those in 
liquid. 
 For determining the damping coefficient based 
on values measured the application of some usual 
correction methods in measurement interpretation is 
required. 
 The highest value of damping coefficient for 
displacement c is for disc 2 and this is explained by 
the larger sizes and its more complicated form. 
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