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Generalized modal analysis of asymmetrical rotor system
using modulated coordinates
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ABSTRACT

Conventional modal analysis techniques are known to be inappropriate for asymmetrical rotor systems, when the equations of
motion are written in the stationary coordinates, due to the presence of time varying parameters. This paper presents a generalized
modal analysis method for asymmetrical rotor systems in the stationary coordinates, employing the modulated coordinates and the
lambda matrix formulation. A numerical example with a flexible asymmetric rotor model is provided to demonstrate the effectiveness
of the proposed modal analysis method. As an application of the proposed method, modal analysis is also performed with an open

cracked rotor system.
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Table 1 Eigenvalue relations
Modulated Stationary ~ Rotating

Coordinates Coordinates
Eigenvalue ﬂ,"r p=2-jQ
Paired valuie A, = A + j2Q U =q

Table 2 Specifications of the numerical model
Mesh information

# of elements =26
# of disks =
# of bearings =2

Shaft information

Length=51cm

Diameter=1.2cm

Density=7806 kg/m’

Young modulus =2.08x10'! N/m?
Disk information

Location  Mass Pol. Inertia Dia. Inertia

m kg kg m? kg m®

0.21 1.236 12x10? 6.8x 10"

0.476 0.857  0.9x10° 3.5x 10

Bearings

Node Stiffness damping

Number N/m N s/m

4, 21 Ky,kp=5x10° ¢y, c,=45x10°
(two ky= kpy =0 Cyy 1€z =0
identical)
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Fig. 1 Numerical model of a flexible asymmetrical rotor
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Fig. 2 Whirl chart of the asymmetrical flexible rotor in the
modulated stationary coordinate system
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Fig. 3 Whirl chart of the asymmetrical flexible rotor
in the rotating coordinate system
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Fig. 4 Real parts of eigenvalues of asymmetrical flexible rotor
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Fig. § r-dFRFs by modal expansion and dirzct inverse;
excitation and sensor node at nodes 25 and 22 respectively with
rotational speed of 600 rpm: d; direct, m; modal

Table 3 Comparison of natural frequencies from the
eigenvalue problem and modal estimation by r-c FRF resonance
peak points for the flexible asymmetrical rolor (Frequency

resolution for r-dFRF comButation: Af=0.3255 Hz)
P | S
Rotational speed = 600rpm | Rotational spee:l = 30000 rpm

Natural frequency (Hz) Natural frec uency (Hz)
Computed | Estimated] Err [Computed | Estimated| Err
from EVP |[from dFRF| (%) |from EVP [from dFRF| (%)

-121.42] -121.37] 0.04f -163.95 -164.06( -0.07
-101.35] -101.49] -0.14) -104.38 -104.43} -0.05
-49.68 -49.69| -0.02 -35.71 -35.68; 0.08
-25.94 -2590, 0.15 60.26 60.12} 0.23
45.94 4578 0.35 147.40 147.12] 0.19

69.67 69.57| 0.14
121.35 121.37] -0.02
141.42 141.58] -0.11
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Fig. 6 Whirl chart of the cracked rotor with an open crack
at node 15 (crack depth , a/D =0.4)
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Fig. 7 Real parts of eigenvalues + 1F of the cracked rotor
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