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An Improved Dynamic Model for Multi-Stepped Rotor System

Seong-Wook Hong*, Seong-Hwan Choi"

This paper presents an efficient dynamic modeling method for multi-stepped rotor system using effective spring
elements to take into account the structural weakening effect due to the steps. This paper demonstrates that the
Timoshenko shaft mode! give rise to a significant error in the case of multi-stepped rotors. An effective bending spring
model is introduced to represent the structural weakening effect in the presence of steps. The proposed modeling method

is validated through a series of simulations and experiments. Finally, a spindle is dealt with as an analysis example.
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Fig. 1 Timoshenko shaft model
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Fig. 2 Single-stepped shaft model

Table 1 Specification of numerical shaft model #1

Property Data
L 0.15
Dimension(m) L 0.1
Dy 0.05
D, 0.045~0.02
Young’s modulus(N/m’) 2.08el1
Density(Kg/m’) 7833
Poisson ratio 0.3

Table 2 Comparison of the fundamental natural fre-
quencies of numerical model #1

Natural frequencies(Hz) Error(%0)
' I(I-DEAS) | T(Timoshenko) | |I-T)/Ix100
0.1 2239.8 2254.5 0.66
0.2 2042.1 2074.9 1.61
0.3 1794.7 1843.7 2.73
04 1511.5 1567.2 3.68
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Fig. 3 A conceptual model of the one-stepped shaft
with the effective bending spring
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Fig. 4 Sign conventions for the shaft elements par-
titioned at a step
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Table 3 Specification of numerical shaft model #2

Property Data
Li=L=L=01
Dimension(m) D, = 0.05, D, = 0.035,
D; = 0.020
Young’s modulus(N/mz) 7e10
Density(Kg/m’) 2710
Poisson ratio 0.3

Table 4 Comparison of the natural frequencies of two
stepped numerical model{(model #2)

Fig. 8 Two-stepped experimental shaft model(#35mm,
#50mm, ¢40mm)

Table 5 Comparison of natural frequencies measured
and computed by the proposed method and the

Natural frequencies(Hz) Error(%) conventional method for the experimental shaft
Mode [(I-DEAS) | P(Proposed) |I-P)/1x 100 Comparison of experiment and proposed method
Ist 1379.4 1371.5 0.57 Natural frequencies(Hz) Error(%)
2nd 36273 3616.8 0.29 Mode E(Experiment) P(Proposed) |E-P[/Ex100
3rd 7428.2 7409.7 0.25 Ist 2235.0 2230.7 0.19
2nd 4802.5 4796.7 0.12
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Fig. 9 A spindle model [8]

Table 6 Specification of

the spindle model [8]

Property Data
Section length(cm) 10,15,10,15,10,8
Section diameter(cm) 4.6,7,6,5,4
Young’s modulus(N/mZ) 2.08ell
Density(Kg/m’) 7833
Poisson ratio 0.3
Damping o o
. (Ns/m) Cyy=¢z=000, cy=c,=0
Bearing #1 -
Stiffness kyy=6e8, k.=8¢8
(N/m) Kyzr=kpy=0
Damping o o
' (Ns/m) Cyy=Cz=600, cy=c,=0
Bearing #2 -
Stiffness kyy=4e8, k., ~6e8
(N/m) ky=k,=0

Table 7 Comparison of natural frequencies computed
by the proposed method and the conventional
method for the spindle model

Mode Natural frequencies(Hz) Error(%)
P(Proposed) | C(Conventional) | [P-C|/Px100
1B* 574.9 584.4 1.66
1F* 589.0 599.3 1.76
2B 799.2 811.5 1.54
2F 8375 851.5 1.68
3B 1399.9 1405.0 0.36
3F 1580.2 1588.4 0.52
4B 2150.0 2193.9 2.04
4F 2268.8 2323.0 2.39

*B,F denote backward and forward modes.
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