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Vibration Analysis of Rotor Systems Using Finite Dynamic Elements
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ABSTRACT

A rotor-bearing system has been investigated, including internal damping and axial torque using

finite dynamic elements. A procedure is presented for dynamic modeling of rotor-bearing system which

consist of finite dynamic shaft elements, rigid disk, and bearing and seal. A finite dynamic element

model including the effects of rotatory inertia, gyroscopic moments, axial force, and axial torque is

developed using the frequency dependent shape function. The natural whirl speeds, stability, and

unbalance response of rotor system are calculated on several cases and compared with the conventional

finite elements.
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Fig. 1 Typical rotor element and coordinates
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Table 1 Convergence characteristics of whirl frequencies(2=3,000 rpm)

1st mode (cpm) 2nd mode (cpm) 3rd mode (cpm)
Element No. FEM FDEM FEM FDEM FEM FDEM
2 7679.19 7649.07 33752.42 30890.16 83939.21 74226.50
3 7655.23 7649.06 30775.68 30426.55 75205.31 68840.41
4 7651.03 7649.06 30536.83 30417.21 69015.18 67842.07
5 7649.87 7649.06 30467.33 30417.20 68318.31 67790.44
6 7649 .44 7649 .06 30441.62 30417.20 68048.62 67782 .86
Exact(11] 7649.05 30417.00 67781.90
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Table 2 Whirl frequencies and logarithmic decrements of Rayleigh shaft supported by damped isotropic bearing (2=

3,000 rpm)
Whirl frequencies(cpm) /logarithmic decrements
Mode 7v=0.0002s 71 =0.0002
FEM FDEM FEM FDEM
1B 4988.42/0.3075 4986.64/0.3055 4984.34/0.0993 4982.57/0.0993
1F 4984.17/0.1509 4982.41/0.1506 4988.31/0.0994 4986.53/0.0992
2B 10465.13/0.3850 10450.21/0.3840 10463.63/0.3194 10448.85/0.3180
2F 10480.41/0.3568 10465.76/0.3547 10489.07/0.3192 10474.12/0.3178
3B 21152.31/0.1300 21082.83/0.1286 21498.64/0.2679 21410.54/0.2643
3F 21266.66/0.1045 21197.72/0.1031 21609.17/0.2666 21518.74/0.2630
Table 3 Comparison of whirl speed for considering axial tordue(H =1, £2=3000 rpm)
1st mode (cpm) 2nd mode (cpm) 3rd mode(cpm)
Element No. FEM FDEM FEM FDEM FEM FDEM
2 1208.05 1202.67 5385.47 4922.25 13556.47 12012.60
3 1203.45 1202.46 4900.32 4843.63 12122.38 11091.84
4 1202.64 1202.32 4860.45 4841.85 11113.72 10923.65
5 1202.41 1202.24 4848.81 4841.61 10998.87 10914.57
6 1202.33 1201.91 4844 .49 4841.50 10954 .39 10913.03
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Table 4 Comparision of whirl speed for considering axial force (F=1, 2=3000 rpm, simple supported)

1st mode (cpm) 2nd mode (cpm) 3rd mode (cpm)
Element No. FEM FDEM FEM FDEM FEM FDEM
2 1156.80 1151.87 5336.93 4876.03 13501.60 11930.32
3 1152.80 1151.78 4855.48 4799.38 12076.97 11047.43
4 1152.10 1151.70 4816.82 4797.64 11070.80 10880.97
5 1151.91 1151.64 4805.57 4797 .46 10957.39 10872.14
6 1151.83 1151.63 4801.41 4797.43 10913.52 10870.63
2
— []
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Fig. 3 System configuration
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Table 5 Rotor configuration data

Element Length of Inner diam- | Quter diam-
i 7399 3Ed4 =& FEM3 FDEM< A A7 =} No. element (m) eter (m) eter (m)
2 ul&@g Aol AL 9%z =% Rayleigh £
284 /=1m, d=0.01m, A& d/4/=0.0025, ! 0.0127 0.0102
2 0.0381 0.0204
T2 Em H=TI/El=1, 34 =8 F=Pl/ 3 0.0254 0.0152
EI=1¢|t}, FDEMol <3 3EH&=7t FEM2 4 0.0127 0.0406
ARt e 84 £ AEE e AL 5 0.0127 0.0406
o & 9ly, AARCAFE eyt 2 AL ¢ F 6 0.0051 0.0660
g 7 0.0076 0.0304 0.0660
oo gubdql 3)AEA 9 7S YuHE 3 8 0.0127 0.0356 0.0508
Aae o ITASES BHYSHE A 9 0.0076 0.0508
sls) Fig 3¢] Mol Az 2] Nelsond Mea- 10 0.0305 0.0254
cham®el SJa} AH43 H43AE 2D AR O B L
45 o=7806 kg/mo]1z, YoungAlg E=2.075X 13 0.0381 0:0304
10" N/mee)c}t, %A)9] 71& wlojej& Table 52 2 14 0.0203 0.0254
o} 84 £ 187/M0)x, HF m.=1.401kg, < 15 0.0178 0.0254
HAAJRHE [,=0.00136 kg-m?, IFHARwEHE ], 16 0.0102 0.0762
=0.00203 kg-m*q] FrhAekS 5 Ao F2shad 17 0.0304 0.0406
o}, XAl Suideolgl ez A 113 "A 18 0.0127 0.0304 0.0406

stRASRE TS X /A 7H A3 E, 1997 3/473



o B4 -3y 4

- - without internal damping
60 | —— : with internal damping

40 |-

synchronous
excitation

20 - — 1F

Whirl speed ( x 10° cpm )
8
T

0 10 20 30 40 50 80 70

Rotating speed (x 10° rpm)

Fig. 4 Campbell diagram

50 - - - : without internal damping
~——— : with internal damping

40 +

Non-dimensional amplitude, Afe

o

Rotating speed ( x 10° rpm)

Fig.'5 Unbalance response

1L WEAHE 28sha 4L A gz, AAL
3348 ek 7o i3k Campbell AXxo)

3

2542 dehdeh, Fig 55 13 984% 7964

golch, WS meig Aot R

£ 2SN e AT Ho B gASEdA

o853, SadYgel SQlse BaRgon
Qo B} & AEHNE Gehhz 9ok

/822 ST X /A 7H A 33Z, 19974

.48 2

€ d7dxE FH HA J4FE )43 #
daarwd A4 AES F447]7) 4 A
T 5 YAPTE 14T T4 4384 =Y
< s WHRY, FE3, $¥9 anE 19
T AFel A 53 FHeans dAA G 2o}
A AGANE B3] T FPRAE o)L A S
TAALE A H T f¥L4e) Az} u
3ol T fane A7) 71FY fEgsa
o Atdo HEHEEY AR} FhHT &
T 84F o]83E FHEA ] JIgE & 5
At RS EEF A9 A N
3 AA A slad e AS B A
= 7%l 1o, ejiwejE]e] Hito] Ale] A
A S FATIe AE o F Aok = W
el HE BRI 2absldn, slaHYy &
H7b Z A% WFAEA Aol vQlsle] By ey
9 AFAE Frlehe AE HAsg),

X}

i

Kl

[ S
I_ol—

(1) Ruhl, R. L., 1970, “Dynamics of Distributed
Parameter Turborotor System: Transfer Matrix
and Finite Element Techniques”, Ph. D. Thesis,
Cornell University, Ithaca, New York.

(2) Nelson, H. D. and McVaugh, J. M., 1976, “The
Dynamics of Rotor-Bearing Systems Using Finite
Elements”, Trans. ASME, J. of Eng. Pow. May,
pp- 593 ~600.

(3) Zorzi, E. S. and Nelson, H. D., 1977, “Finite -
Element Simulation of Rotor-Bearing Systems
with Internal Damping”, Trans. ASME, ]. of Eng.
Pow., Jan., pp. 71~75.

(4) Zorzi, E. S. and Nelson, H. D, 1980, “The
Dynamics of Rotor-Bearing Systems with Axial
Torque-a Finite Element Approach”, Trans.
ASME, J. of Mech. Design, Vol. 102, pp. 158 ~161.

(5) Nelson, H. D. and Meacham, W. L., 1981,
“Transient Analysis of Rotor-Bearing System
Using Component Mode Synthesis”, ASME Paper
No. 81-GT-100

(6) Nevzat Ozgiiven, H and Levent Ozkan, Z., 1984,
“Whirl Speeds and Unbalance Response of



S fR24el % HH2 A9 UE A4

Multibearing Rotors Using Finite Element”,
Trans. ASME, J. of Vibration, Acoustics, Stress,
and Reliability in Design, Vol. 106, pp. 72~79.

(7) Childs, D. W. and Graviss K., 1982, “A Note on
Critical-Speed Solutions for Finite-Element
-Based Rotor Models”, Trans. ASME, J. of Mech.
Design, Vol. 104, pp. 412~416.

(8) Przemieniecki, J. S., 1986, “Theory of Matrix
Structural Analysis”, McGraw-Hill

(9) Yang, B. S., Pilkey, W. D. and Fergusson, N. J.,

1992, “Frequency Dependent Element Matrices for
Rotor Dynamics Analysis”, J. of Sound Vibration,
Vol. 159(2), pp. 339~351.

(10) Yang, B. S., and Pilkey, W. D, 1992, “Accurate
Approach to Free Vibration Analysis for a Rotat-
ing Shaft”, Machine Vibration, Vol. 1(3), pp. 164
~170.

(11) Pilkey, W. D., 1994, “Formulars for Stress,
Strain, and Structural Matrices, John Wiley &
Sons, p. 881.

HILASTESS USSR /A 7 A3 &, 1997/475



