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Study on a Semi-Physical Method for Modeling
Overall Vibration of an Aero-Engine
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Abstract: In order to study a modeling method to analyze the overall aero—engine vibration problem more
quickly and precisely and precisely, a semi—physical modeling method which combines testing and simulation
modeling method together is used. The casing—support testing data is set into rotor finite element model during the
modeling procedure. The overall vibration semi—physical modeling principle, casing—support structure transfer
function testing and synthesized modeling method are studied. An aero—engine rotor tester is used to validate the
semi—physical modeling method. The rotor tester overall and semi—physical simulation model are built to calcu-
late the casing vibration responses. The rotor tester is disassembled to test the casing—support frequency response
function which is synthesized with the rotor finite element model. The overall aero—engine tester semi—physical
model based on testing data is built to calculate the overall aero—engine frequency response function. The results
show that semi—physical modeling method can not only maintain the calculation accuracy, but also reduce more
than 90% of the computation time. The semi—physical model can obtain the overall aero—engine frequency re-
sponse function fast and precisely, and the nature frequency calculation error is less than 2%.
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(a) Structural section of overall aero-engine
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(b) Structural section of support-casing structure and rotor structure

Fig.1 Structural section of an aero-engine
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(a) Aero-engine rotor tester

(b) Aero-engine rotor tester cutaway view

Fig.2 Aero-engine rotor tester and cutaway view
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Table 1 Semi-physical model support force

Calculation The front support The rear support

frequency/Hz force/N force/N
20 612.117 614.894
40 1894.79 1905.71
60 -757.218 -763.129
80 -255.144 -257.875
100 -137.369 -139.356
120 -87.593 -89.270
140 -61.169 -62.685
160 -45.253 -46.675
180 -34.851 -36.216
200 -27.649 -28.979
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Table 2 Displacement response results obtained with the two modeling methods

Calculation frequency/Hz

Overall aero—engine modeling method/m

Semi—physical modeling method/m Calculation error/%

20 1.321x10°
40 4.063x10°°
60 -1.667x10°
80 -5.639x107
100 -3.063x107
120 -1.976x107
140 -1.400x107
160 -1.053x10”
180 -8.272x10™
200 -6.710x10™

1.324x10° 0.214
4.073x10°° 0.249
-1.652x10° 0.888
-5.612x107 0.483
-3.040x107 0.735
-1.969x107 0.346
-1.395x10” 0.326
-1.050x10” 0.308
-8.248x10™ 0.299
-6.690x10™ 0.291

Table 3 Comparison of computation time and number of elements

Calculation method

Computation time/min

Number of computation elements

Overall aero—engine modeling method

Semi—physical modeling method

About 400

3.16x10°

7.98x10*
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(¢) Casing-support structure

(d) Casing-support FRF testing

Fig.4 Tester modal testing
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Fig.5 Acceleration FRF of first support

(a) Rotor structure with free boundary condition

(b) Rotor structure dynamic model

Fig. 6 Rotor structure
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Fig. 7 FRF curve of rotor structure

Table 4 Measured and simulated natural frequency of

rotor structure

Modal order 1 2 3 4
Measured result/Hz 114 209 404 960
Simulation result/Hz 109 206 409 968
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Fig. 8 Comparison curve of overall aero-engine rotor tester

FRF obtained from testing and semi-physical method
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