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Workable mode design and experimental verification of

aero-engine low-pressure rotor system
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(1. School of Power and Energy,
Northwestern Polytechnical University, Xian 710129, China;
2. Sichuan Gas Turbine Establishment,
Aero Engine Corporation of China, Chengdu 610500, China)

Abstract: A dynamic model of aero-engine low-pressure flexible rotor with elastic supports
and dampers was established, the modal and critical speed responses were calculated. Under the
condition of considering the constraint of critical speed and the constraint of “critical following”
phenomenon, the influence factors of modal imbalance, the proportion of spring-supported strain
energy, and the stability of the sleeve-tooth connection structure were synthesized to construct a
tolerance evaluation function, and a “workable mode” optimization design method for the low -
pressure rotor system was established. The low-pressure rotor experimental system was designed

and established, and the reliability of the design method was verified from the modal test experi-
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ment, damper damping experiment and long-term “resonance” experiment. The study results in-

dicated that the maximum error between the calculated critical speed and the actual measured criti-

cal speed did not exceed 3.86% . The maximum damping ratio of the damper at the first and sec-

ond critical speeds can reach 45.6%. The experimental rotor system completed 412.5 s and

429. 8 s “resonance” experiment at the first and second critical speeds, and the rotor system of

each channel vibration peak kept stable within 100 pm during the resonance process without sub-

harmonic generation. The results show that the established optimization design method of “capaci-

ty mode” for aero-engine low-pressure rotor system is feasible.

Key words: workable evaluation function; low-pressure rotor system; workable mode;

dynamic design; experimental verification
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Fig.2 “Workable mode” optimization design process of

low-pressure rotor system
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Table 1 Parameter values after optimized design of

the rotor system
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Table 2 Constraint condition test results
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Table 3 Calculation results of strain energy ratio and relative inclination angle
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Fig.6  Schematic diagram of the inclination angle of

the spline connection structure
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Table 5 Measurement channel information of the

rotor experimental system
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Table 6 Sensor models and parameters
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Fig.13
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Table 7 Comparison of critical speed design value and

measured value
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Fig.21 Speed change process of the second-order mode

“resonance” experiment
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