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Dynamic Similarity Design Method of Distortion Experimental
Model for Multiaxial Rotor System

LUO Zhong, SHI Hai-li, CHEN Xiao-bing, YU Qing-wen
(School of Mechanical Engineering & Automation, Northeastern University, Shenyang 110819, China.
Corresponding author: SHI Hai-li, E-mail :421666182@ qq. com )

Abstract; A dynamics similarity design method of distortion experimental model for multiaxial
rotor-bearing system was proposed on the basis of the Riccati transfer matrix method and the
critical speed sensitivity of system parameters. The prototype system spindle was simplified into
distortion model upon the sensitivity, then the distortion model was revised and designed into
dynamics similarity scaled model. Taking air compressor high-pressure rotor as an example, the
critical speed and the inherent characteristics were calculated upon the Riccati transfer matrix
method. By comparing the characteristics of the prototype with that of the scaled model, the

validity and practicability of the proposed method were verified.
Key words: multiaxial rotor; experimental model; distortion; dynamics similarity ;design
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Fig. 1 Multiaxial rotor-bearing system model
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Table 1 Data sheet of high-pressure rotor model
i HBKE/m NIESME/m BESME/m

1 0.023 0. 024 0. 026
2 0. 029 0. 050 0. 050
3 0. 037 0. 050 0. 050
4 0. 038 0. 050 0. 063
5 0.039 0. 050 0. 063
6 0.038 0. 050 0. 063
7 0. 045 0. 055 0.074
8 0. 046 0. 060 0. 060
9 0.031 0. 060 0. 060
10 0. 040 0. 075 0. 154
11 0. 006 0. 090 0. 090
12 0.053 0. 100 0. 107
13 0.053 0. 100 0. 107
14 0. 006 0. 090 0. 090
15 0. 040 0.075 0. 154
16 0.031 0. 060 0. 060
17 0. 046 0. 060 0. 060
18 0. 045 0. 055 0.074
19 0. 038 0. 050 0. 063
20 0.039 0. 050 0. 063
21 0.038 0. 050 0. 063
22 0.035 0. 050 0. 050
23 0.032 0. 050 0. 050
24 0.023 0. 024 0. 026
25 0. 000 - -
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Fig. 2 Air compressor high-pressure rotor model
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Table 2 Data sheet of high-pressure rotor model
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Table 5 Comparison of first two order vibration model

EpIINEREY ) [k AR %% 3

R it (kgemt) B (e PRI K
1 0. 000 3 0. 000 4 0. 804
3 0.0790 0.1344 15.793
23 0. 069 4 0.1185 15. 396
25 0. 000 3 0. 000 4 0.776

*3 HBREBSH
Table 3 Scaled model dimension parameters mm
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et 10.0
iz 31.0
L RN S 602.0
%1 AR 31.0
BRI AR 178.0
EER 1 RS 15.0
2 NR 31.0
%2 AME 169.0
FEA 2 R 17.0
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Table 4 Comparison of critical speeds for
prototype and scaled model
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