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Contacts in rotordynamics are mainly described as rubbing cylinders between rotors and
stators. However, blade contacts can also appear in typical machines such as hydropower rotors
or aircraft rotors, which can lead to catastrophes due to the high nonlinearity of the system.
Three models based on a Jeffcott (midspan) rotor are developed to study the effect of different
parameters. The first model with three blades (see Figure 1a) describes the contact between a
blade and the fixed stator with the non-linear beam deformation theory. Contacts only occur due
to an initial eccentricity y0 of the shaft. The tangential friction force is described with Coulomb
friction, and the axial and tangential stiffness of the beam is fitted with a polynomial of the force
as function of the displacement. The second model has the same general characteristics, excepted
that a radial restoring force from a non-fixed stator is applied to the rotor with rigid blades. The
third model has the same properties as the second one, excepted that the rotor is discretized by
finite elements and an external force induced by mass unbalance is included.
The first model shows that all types of motion can appear in this type of non-smooth impact systems. From bifurcation diagrams, chaotic motions could be seen at integer frequencies
of 1/3 with alternation of periodic motions over the whole frequency range. This model has the
advantage of giving insight of the contact forces, but simulations are more time-consuming. The
second model gives similar results in terms of bifurcations diagrams, but it lacks the information
about forces in the system. However, the simplicity of the model allows us to perform a twodimensional parametric study by calculating the Maximum Lyapunov Exponent, which identifies
chaotic regions (in black) from periodic regions (in white) in Figure 1b. The 2-dimensional Lyapunov graph is a great tool to predict the dynamics of nonlinear systems. Moreover, it was shown
that damping has a stabilizing effect, while the initial misalignment value influences differently
the results over certain ranges. The finite element model still gives the same characteristic regions
with misalignment only. The addition of a small unbalance force to the system affects slightly
the dynamic behaviour under a threshold value. To conclude, each model give similarities in the
results and has advantages and drawbacks that should be taken in consideration depending on
which type of study is performed.
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Figure 1: (a) Model of a bladed Jeffcott rotor (b) Maximum Lyapunov Exponent for the simplified
bladed Jeffcott rotor model as function of the stator-to-rotor stiffness ratio and normalized rotating
speed

