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ABSTRACT

This paper presents a new method for including the dynamic stiffness of the stationary parts in
rotordynamic analysis. As a consequence of the support dynamics, critical speeds are varied and/or
additional critical speeds are introduced. Therefore, dynamic effects of the support are often significant in
high speed turbomachinery, but most of analysis has considered the support as a rigid body or a simple
structure. The proposed method is based on the coupled characteristics of the driving point and transfer
frequency response functions of the support system to model the equivalent spring-mass series in finite
element analysis. To demonstrate the applicability of the simulation procedures provided, it is applied to the
rotor model of the double suction centrifugal pump. Results of the suggested equivalent-support rotor model
including coupled effects agree well with the entire pump model.
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Fig. 3 Driving point receptance frequency response
function at outboard bearing housing
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at outboard bearing housing
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Table 1 No. of coefficients for the equation (14)

DOF | 8 A B> Bs By Bs Bs

2 2 1

3 3 4 1

4 4 10 6 1

5 5 20 | 21 8 1

6 6 35 | 5 | 36 | 10 1

7 7 56 | 126 | 120 | 55 12 1
DOF | @ | a1 | a2 | a3 | ay | a5 | a5 | o
2 1 1

3 1 5 1

4 1 10 15 7

5 1 15 | 35 | 28 9 1

6 1 21 70 | 84 | 45 11 1

7 1 28 [ 126 | 210 { 165 | 66 | 13 1
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Table 2 Properties of the equivalent support model

unit : mass (kg), stiffness (N/mm)
Equivalent support properties
Model Without .
coupled-model With coupled-model
m; =0.036 =6.244E5 | m, =0.380 =6.904E5
my =0311 | ky =6236E5 | m, =0457 | b, =5.265E5
v-Di my =0793 | k3 =2.077E6 | m;=0.189 | k; =4.715E5
U] e =0868 | £y =1236E6 | m, =1149 | ks =4135E6
ms =3650 | ks =9.643E6 | ms =1201 | ks =3.229E7
mg =16.76 | ks =4.682E7 6 =970.6 | ks =1.830E9
my =0.125 | k) =1403E6 | m, =0094 | k, =1637E6
my =1067 | ky =7.213E6 | m, =1018 | k, =6.224E6
7-D: m3 =4.834 =L798E7 | my=2715 | k; =1.237E8
-Dir.
my =19.06 | ky =T985E7 | mp, =1596 | k, =2.005E8
ms =2055 | k5 =9.90TE8 | my; =4880 | ks =1451E8
mg =6264. | kg =1558E9
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Fig. 5 Frequency response function of the support
system and regenerated equivalent model
(with coupled-effect)
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Fig. 9 Comparison of the receptance FRF at impeller
center for the system and equivalent-support
rotor model with coupled effect.

Table 3 Natural frequencies in Y-direction

(unit : Hz)
Equivalent | Equivalent
Rigid [support rotor{support rotor
Mode Srgztlegl support without with
rotor coupled coupled
effect effect
1st 83.6 99.2 87.6 839
2nd 1147 - 1105 1155
3rd 357.6 391.0 3725 363.6
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