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ABSTRACT

The present paper proposes a generalized modal analysis procedure for non-uniform,
distributed-parameter rotor-bearing systems. An exact element matrix is derived for a
Timoshenko shaft model which contains rotary inertia, shear deformation, gyroscopic effect
and internal damping. Complex coordinates system is adopted for the convenience in
formulation. A generalized orthogonality condition is provided to make the modal
decomposition possible. The generalized modal analysis by using a modal decomposition
delivers exact and closed form solutions both for frequency and time responses. Two
numerical examples are presented for illustrating the proposed method. The numerical
study proves that the proposed method is very efficient and useful for the analysis of
distributed-parameter rotor-bearing systems.
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Table 1 Specifications for numerical model 1

Table 2 Comparison of eigenvalues calculated from
the proposed method and FEM for numerical

Elements Property Data model 1
Length 120 m eigenvalue A, = 0, + jw; (rad/s)
Shatt Diameter 4 cm ol s
Density 8000 kg/m® Mode| ~FEM FEM FEM Proposed
4 elements | 8 elements | 12 elements | 4 elements
Young’s modulus 2.0x10" N/m?
-0.0886/ | -0.0886/ -0.0886/ | -0.0886/
Mass 20 kg 1B* | 1340950 | 1340953 | 1340953 | 134.0953
i Polar moment of 2
3 i dzfgcal) inertia 0.163 kg-m (e | T01140/ | -0.1148/ | -01148/ | -0.1148/
Diametral moment ) 151.8884 | 151.8873 151.8873 | 151.8872
. . 0.085 kg-m
of inertia £ 9B -3.6258/ | -3.6256/ -3.6256/ | -3.6256/
k=20 MN/m 2795419 | 279.5343 2795339 | 279.5338
Stiffness k. =25 MN/m op | 48179/ | -48177/ | -48177/ | -4.8177/
Bearing ky, = kzy=0 296.6805 | 296.6724 296.6720 | 296.6719
(2 identical) ¢y =12 kNs/m qp | 737.9645/ | -37.9779/ | -37.9824/ | -37.9828/
Damping c.. =16 kNs/m 1063.7127 | 1061.5706 | 1061.4903 | 1061.4732
2z
Cye= 2y =0 3F -54.7912/ | -54.8833/ | -54.9005/ | -54.9019/
1360.7760 | 1354.7704 | 1354.5500 |.1354.5026
- 4B -120.8053/ |-120.7260/ |-120.7320/ |-120.7319/
S ——TR, 1383.6861 | 1382.9560 | 1382.8930 | 1382.8686
— — direct in!rersinn
AF -165.5525/ |-166.5999/ |-166.7490/ |-166.7790/
1962.7868 | 1960.1670 | 1960.0110 | 1959.9398
= 5B -70.9276/ | -75.7458/ | -76.0236/ | -76.0729/
£ 2407.3158 | 2383.5196 | 2382.6317 |2382.4422
é 5F -107.6180/ | -124.1753/ | -125.1764/ |-125.3456/
E, 2936.7060 | 2879.3000 28771907 | 2876.7222
€ *B and F denote the backward and forward modes,
respectively.
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Fig. 3 Comparison of direct driving point FRF's g 2 ]
at node 3 for numerical model 1 by the §
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Table 4 Comparison of eigenvalues calculated from
Fig. 6 Numerical model 2 the proposed method and FEM for numerical
model 2
Table 3 Specifications of the numerical model 2 eigenvalue A, = g+ jw, (rad/s)
o
c t Element | Length Otger Inqer LA
omponen no. (cm) radius radius FEM FEM FEM Proposed
N T (cxzn) (?)n(r)l) Mode | 6 elements | 12 elements | 18 elements| 6 elements
) 1B* -1.7076/ -1.7027/ -1.7020/ -1.6625/
2 15 3 0.0 3676.2311 | 3672.6750 | 3672.1558 | 3671.7610
¢ 3 10 35 0.0 IF* -0.5020/ -0.5010/ -0.5008/ -0.4613/
Shaft y = ; 5 37703252 | 3766.5974 | 3766.0487 | 3765.6539
: 9B -5.3197/ -5.3008/ -5.2980/ -5.2585/
5 10 25 0.0 51042927 | 5099.8885 | 5099.2028 | 5098.6502
6 8 2 0.0 op | 29155/ | -2.9025/ | -2.9006/ | -2.8611/
Cyy Cyz Cuy Ce: 5356.8946 | 5351.7026 | 5350.9012 | 5350.3486
. Node
(Ns/m) | (Ns/m) | (Ns/m) |(Ns/m) Jp | 368295/ | -35.7354/ -355929/ | -35.4744/
600 0 0 600 3 89105892 | 8842.6686 | 8833.7407 | 8832.2407
3F -30.9599/ | -29.8093/ | -29.6594/ | -29.5410/
Bearing | 600 0 0 600 5 100988058 | 10001.2297 | 9988.4091 | 9986.9091
Kyy Ky. Ky K. Node 4B -445766/ | -40.8906/ | -40.4649/ | -40.1886/
(N/m) | (N/m) | (N/m) | (N/m) 14088.7319 | 13837.0696 [13805.1717 | 13803.6717
-32.7512/ -299179/ | -29.5782/ -29.3809/
8 8 3 . . . .
6x10 0 0 | 8&i0 4F 1149714778 | 146604993 [14621.6326 | 14620.1326
4x10° 0 0 6x10° S 5B -55.3516/ | -53.2003/ | -52.6840/ | -52.3287/
. , Shear 19393.4815 | 19109.6453 |19052.5540 | 19051.0540
Density Young’s Modulus Modulus
(kg/m°) (N/md) R -64.1014/ | -60.0664/ | -59.3626/ | -58.7705/
(N/m?) 20403.3769 | 20082.0603 |20017.4740 | 20015.9740
*B and F denote the backward and forward modes
11 11 "’
7833 2.08x10 0.8x10 respectively.
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