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Today, a well-established experimental modal testing 
exists for non-rotating structures with primary 
assumptions of linearity, time invariance, and 
reciprocity. However, these assumptions may not be 
true when it comes to rotating structures due to 
anisotropy characteristics in bearings and/or 
gyroscopic effects. Unlike the non-rotating 
structures, the dynamics of the rotating structure in 
the negative frequency region may differ from the 
positive frequency regions [1]. These frequencies 
correspond to the forward and backward frequency 
modes, respectively, and have a significant meaning 
on the dynamics of the rotating structure. Besides, 
experimental modal analysis of a rotating structure is 
relatively more complicated than that of the non-
rotating structure and requires an advanced test setup. 

This study presents the dynamics of a flexible rotor 
supported by ball bearings and identifies the 
eigenfrequencies experimentally. The dynamics of 
the rotor-bearing system were studied by exciting the 
rotor with an external asynchronous force. An 
electrodynamic shaker was attached to one end of the 
shaft via a ball bearing to generate a sinusoidal 
uniaxial force. The excitation force and the radial 
displacements of the rotor were measured by a force 
transducer and proximity probe sensors, respectively. 

Figure 1: Test setup 

A number of experimental tests were carried out. 
The excitation force and the shaft displacements were 
measured for different rotor speeds between 0 Hz (no 
rotation) and 50 Hz. For each rotor speed, the system 
was excited by a swept sinusoidal force over a 
frequency range of 15 Hz – 200 Hz. 

On the other hand, the rotor rig was numerically 
modelled using FEM [2] to validate the experimental 

results. The shaft was discretised into five 
Timoshenko beam elements and the rigid disk was 
fixed to a middle node of the shaft. The bearings were 
modelled as short and rigid bearings. 

The eigenfrequencies of the rotor-bearing system 
were identified from the measured frequency 
response functions. A waterfall diagram showing the 
first and second modes is plotted in Figure 2.a. The 
second frequency mode is split into backward (BW) 
and forward (FW) modes due to the gyroscopic 
effect. The experimental result agrees with the results 
from the numerical simulations. Figure 2.b. shows 
the Campbell diagram, representing the simulated 
eigenfrequencies as a function of rotor speed. 

Figure 2: a) Waterfall diagram from the experiment 
b) Campbell diagram from the simulation
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