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Research on mode dynamic balancing method of dual-rotor aero-engine

ZHOU Xuan, HUANG Jiangbo, LIAO Mingfu, KUANG Junyao
(School of Power and Energy, Northwestern Polytechnical University, Xi’an 710129, China)

Abstract: In view of the dual-rotor system with two sets of vibration modes of low-pressure rotor
excitation and high-pressure rotor excitation, the orthogonality of the two vibration modes was affected by
the speed ratio, so N,+N, plane and N,+N,+4 plane mode dynamic balance method of the dual-rotor system
was proposed by replacing the rotor mode under the actual operating speed line with the rotor mode under
the constant speed ratio. On the basis of the known modal orthogonality theory of the dual-rotor system,
the equilibrium conditions of the two-rotor system N,+N, and N,+N,+4 plane mode dynamic balance
methods were deduced, and two dynamic balance methods of the calculation equations of the unbalanced
mass and the orthogonal correction mass group were given. What’s more, taking a certain type of aero-
engine dual-rotor system as an example, the process of balancing each order mode was given by the N,+N,
mode dynamic balancing method. Finally, the dynamic balance verification experiment was carried out on
the dual-rotor test system. The experimental study found that the vibration reduction effect of dynamic
balance method can reach up to 72.4% under the condition of constant speed ratio; when the high and low
pressure rotor speed control rate was the actual working speed line in the working speed range, the total
vibration amplitude at each critical speed was reduced to below 120 um, meeting the design requirements.
The experimental results showed that the proposed mode dynamic balancing method for the dual-rotor aero-

engine is feasible.
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Fig. 1 Unbalanced distribution of dual-rotor
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Fig.2 Flow chart of mode dynamic balance of

dual-rotor aero-engine
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Fig. 3 Physical image of the dual-rotor experimental device
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Fig. 4 Parts of experimental device disk designed with balance

weight holes
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Table 1 Measurement channel information of dual-rotor

test system
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Fig. 5 Sensor measuring point arrangement
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Table 2 Sensor models and parameters

By R RIEE AR /kHz
fif%  B&K IN-085 8 mV/um 0~10
MW B&K VS-080 78 mV/(mm/s) 0.01~1
e B&K P-84 0~10
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Table 3 Vibration data used in mode balance of dual-rotor

experimental device
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- i el
LB 28 LBy 28

ToENEME 0.21 0.09 -020  0.69

" MIB/(C) =905 90.5 90.0  —90.0
TENEE 011 014 -0.735 018
" MIfE/(°) =905 91.1 90.0  —90.0
TEWEE 018  —0.38 0.22 0.43
B MIfE/(°) 894 894 0.6 63
N TEWEE  -079 034 0.03 0.07
;

Hfz/(°) 89.4 894 179.3 1742
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SR SRR 1 R AT R ERAIIA i Ab
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Table 4 Each channel initial bending value of

experimental device

i WE L /um AHBE/(°)
CHI1 20.8 3333
CH2 20.0 64.8
CH3 13.7 159.5
CH4 16.9 2449
CH5 36.9 2175
CH6 31.6 157.4
CH7 15.1 80.8
CHS8 17.5 256.7
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Fig. 6 Unbalanced response before first-order mode balance of

high pressure compressor rotor excitation
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Fig. 7 Test weight operation of first-order mode of balanced

high pressure excitation
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Fig. 8 Counter weight operation of first-order mode of balanced

high pressure excitation
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Fig. 9 Comparison of 1 x frequency responses before and after

balancing first-order mode of high pressure excitation
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Fig. 10 Unbalanced response before first-order mode balance of

low pressure compressor rotor excitation
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Fig. 11  Test weight operation of first-order mode of

balanced low pressure excitation
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Fig. 12 Counter weight operation of first-order mode of

balanced low pressure excitation
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Fig. 13 Comparison of 1 x frequency responses before and after

balancing first-order mode of low pressure excitation
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Fig. 14 Operation process of dual-rotor system at

actual working speed
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