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Fig. 5  Whirl vibration of Jeffcot rotor.
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Table 1 Nonlinear vibration and factor of rotating machinery.

(Q: Rotor speed P; : Forward natural frequentyP, : Backward natural frequency)

Category & name Whirl frequengy Factor Reference
0 Harmonic p=0 Mass ur)ba!ance 11
(1st order) Shaft misalignment 12
Steady-state Thermal misalignment
forc:f)d I\/lbratlohb . 0 Sub-harmonic p=Qin Bearing mis-alignment 13
(Unbalance vibration) (1/n order) Bearing clearance 14,15
Squeeze film damper 16, 17
O Crack rotor p=2Q Asymmetric shaft stiffness 20,21
O Friction whip p="P; Py Rubbing friction 22,23,24
[ Blade loss p=Q,P, P, Blade loss under running 25, 26
Transient vibration [ Pass through p=Q, same as$l 23, 27
critical speed p=2Qin
[J Seismic response p=P, Py, Forced-displacement 28,29
O Internal damping p="F; Friction of assembly rotor 30, 31
Friction of coupling
Self-excited O Oil whip p="F; Fluid film force 32,33
vibration [0 Steam whirl p=P; Tip clearance fluid leakage 34, 35
0 Seal-instability p="F; Seal fluid force 36, 37, 38
0 Unbalance & internal p=Q Interaction of ] & [ 39
Forced & self-excited damping coupling p=P;
vibration -
0 Unbalance & p=Q Interaction of ] & O 40, 41, 42
oil whip coupling p=P,
[ Chaos _ Bearing clear_ance_ 43, 44, 45
Chaos (Strong nonlinearity)
Rubbing friction
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Table 2 Analysis method of non-linear vibration.

Category Analysis method Character Reference
Harmonic balance Useful for harmonic & sub-harmonic 46
Equivalent Easy procedure 18
Steady-state linearization Not applicable for strong nonlinear system
forced vibration Component mode synthesis  Useful for large DOF model 47,48
+ harmonic balance Not applicable for strong nonlinear system
Direct integration Easy procedure 49, 50, 51
Not applicable for large DOF model
Modal integration Useful for large DOF model 52, 53
Transient Not applicable for strong nonlinear system
vibration Quasi-modal integration Useful for large DOF model 54
Applicable for strong nonlinear system
Incremental transfer Useful for large DOF model 55, 56
matrix Applicable for strong nonlinear system
Stability evaluation Analysis of threshold speed 4,32
Self-excited (linear analysis)
vibration Complex eigenvalue Analysis of threshold speed & instability 57
(linear analysis)
Forced & Harmonic balance Analysis of periodic steady-state vibration 39
self-excited Direct integration Calculation of phase diagram 40
vibration Bifurcation theory Analysis of limit cycle 39
( Hopf bifurcation theory ) 41, 42
Chaos Center manifold theory Analysis of neighborhood around bifurcation 40, 41
58, 59
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