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Abstract: In view of the complex structural features and support with dynamic design problems for
aero-engine rotors, based on finite element (FE), piecewise linear fitting and degree of freedom (DOF)
reduction, the dynamic model of complex rotor-support system of the aero-engine was built by using the
main and sub-units to reasonably equivalize the complex rotor, and the validity of the modeling was
verified through experiments. The supporting stiffness was designed from the aspects of rotor natural
characteristics, strain energy distribution, supporting force and vibration response, and the nonlinear
vibration reduction efficiency analysis of elastic support parallel squeeze film damper (SFD) was carried
out. The results showed that the dynamic model can reflect the dynamic characteristics of complex rotors

well. The appropriate range of support stiffness was 1.5x10*—2.8x10* N/mm, and the elastic support
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parallel SFD design had a significant effect on reducing vibration and supporting force, which met the

critical speed design, strain energy constraint and deformation requirement. It provides a quantitative

reference basis for aero-engine supporting stiffness and SFD parallel design, which has important

engineering application value.

Keywords: turboshaft engine; rotor system; squeeze film damper (SFD);

vibration characteristics; support stiffness; dynamic model; vibration reduction
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Fig. 1 Schematic diagram of typical gas generator rotor
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Fig. 3 Squeeze oil-film force model
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Fig. 5 Modeling process of complex structure
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Fig. 6 Dynamic model of the gas generator rotor for turboshaft engine
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Table 1 The first four-order natural frequencies
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Fig. 12 Ceritical speeds varying curves with two support

stiffnesses simultaneously
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Table 3 Change rate of critical speeds with stiffness

Il 545 33/ (r/min ) )
ik : KR /%
WIS/ NS A% WIEERER 5 4%
1 5119.40 18 967.56 270.50
2 10744.53 43 539.55 305.23
3 69 793.74 86 253.47 23.58
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Fig. 13 Vibration response for different support stiffnesses
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Table 4 Effect of support stiffness on displacement

vibration amplitude

P FEPRIE x/um \
34/ (r/min) B R %
K, K,
1 Birdie s i 26.27 43.24 64.59
2 Bif 324 8.64 166.64
35000 0.14 0.38 179.87
40000 0.29 0.38 30.03
45000 0.53 0.52 -1.75
50 000 0.90 0.77 -14.48
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Table S Effect of support stiffness on the support force

YIKTIN

3/ (r/min) HRF/%
K, K,

1 Bk e 394.07 1513.30 284.02
2 i i 48.62 302.42 521.99
35000 2.03 13.26 552.40
40 000 4.42 13.40 203.01
45000 8.00 1831 128.88
50 000 13.52 26.92 99.16
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Table 6 Effect of support stiffness on displacement vibra-

tion amplitude with SFD

PFEPRIE x/pum ‘
%34/ (r/min) KR/ %
K, K,
1 B oS 2.00 3.19 59.2
35000 0.13 0311 140.29
40 000 0.29 0.36 26.71
45000 0.52 0.51 -1.84
50 000 0.86 0.75 -13.28
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Table 7 Effect of support stiffness on the support force

with SFD
S JIN
1538 /(r/min) AR /%
K, K,

1 Bt 5 33.07 116.67 252.85
35000 3.59 13.11 264.98
40 000 8.79 16.04 82.42
45000 17.50 23.63 35.02
50000 31.68 36.36 14.76
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gas generator rotor
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