45 38 B4 2 ) ® z I B ¥ Vol. 38 No. 2
20252 H Journal of Vibration Engineering Feb. 2025

T RERMAR T2 N 2775
a0 EL BATAL MREL, F OFL, FORS

(1. V0 P SR WU T AR B, 127 TR B 1101685 2. R AL KAWL T72 5 A a4k 2% be, 307 TLf 110819)

R BT RGN R, S 1 7 — M8 Jy s ARl b O vk o AR Bl 02 oy O AR 38 O R a0 BT ik A R 3
%, % BB 4 LA S 8 7 A RHADOC 2R o AR N 28 BB O3 A1 v ), B T AR e AL R T AR AL G 2R 0T 2R AT 44 ke e S W 7
R 3 o A7 LR T T i A R W S A A 1Y gl g A A UL AT SR IE o 7 FLAE R B« i A Y 5 R I S N AR RE A R
AW IO AT 8 e AR R D B I S S R 25 40 30 D 0.1 06 0,13 04, W (B AR IR 2 25 300 o XM 25 SR 3R W « W A8 AN AT L v
A 3t 90000 IR ) e S e S R SR AR S 8 IR 2l 0 L3, BT B e A 5 22 2010 DR 0.79 00 N 1.7204 , W fELAIR R 12 22 2 5.98 0 <

i
KW : 5T ARG shI12 AL WEASAR AL s SREIIAS - 5 Wik A i i
FESFES: V231.96; TH113.1  XEKARE®: A XEHS: 1004-4523(2025)02-0223-09
DOI:10.16385/j.cnki.issn.1004-4523.2025.02.001

A dynamic similitude design method for sudden unbalance in rotor systems

SHI Huaitao', REN Yanli', HE Fengxia', LI Lei*, LUO Zhong®
(1.School of Mechanical Engineering, Shenyang Jianzhu University, Shenyang 110168, China;
2.School of Mechanical Engineering and Automation, Northeastern University, Shenyang 110819, China)

Abstract: A dynamic similitude design method is proposed for the problem of sudden unbalance of the rotor system. The dynamic
differential equation requires the application of both equation analysis and dimensional analysis methods to establish the scaling
laws, while also considering the damping scaling ratio. Based on the strain energy distribution criterion, a prototype rotor system is
designed. The prototype is scaled according to the scaling laws to create a distorted model, and the dynamic similarity between the
prototype and the distorted model is verified through simulation and test. The simulation results show that the distorted model ex-
hibits high similarity to the prototype in terms of critical speed, strain energy distribution, and transient response. The errors for the
first two critical speeds are 0.1% and 0.13%, respectively, and the error in peak amplitude is 3%. The test results show that the
distorted model can accurately predict the critical speed and sudden unbalance vibration response of the prototype, with the errors

for the first two critical speeds being 0.79% and 1.72% , respectively, and the error in peak amplitude being 5.98%.
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Tab.1 Parameters of the rotor system prototype
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Fig.3 Strain energy distribution of rotor system
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Tab.3 Vibration response peak amplitude and error
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Tab.4 Main similarity parameters of the test bench
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schematic diagram of test procedure
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Tab.5 Critical rotational speeds and errors of test bench
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