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Model validation of
the underlying linear model
* Finite element modelling
* Modal testing at low excitation level
* Model updating

|

Characterization of nonlinearity
* Detection of nonlinearity
* Quantification of Nonlinearity

|

Nonlinear parameter identification
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Fig. 1 Three steps for identification of nonlinear stiffness parameters

of tail drive shaft system
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Fig. 3 Modal test of tail drive shaft system
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Table 1 The modal analysis results of the tail

drive shaft system

Mode Frequency(Hz) Damping (%)
1 124.25 1.2
2 159.74 0.81
3 414.39 3.2
4 482.16 1.24
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Figd  Velocity frequency response function
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Fig. 5 Finite element simplified model of single shaft
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Fig. 7 Simulation frequency as a function of axial stiffness
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Fig. 8 Simulation frequency as a function of radial stiffness
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Table 2 The comparison of natural frequencies of the tail

drive shaft system between test and simulation

Test Error
Mode Simulation (Hz)
(Hz) (%)
1 124.25 124.41 0.13
2 159.74 159.29 -0.28
3 414.39 395.60 -4.53
4 482.16 449.08 6.86
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Fig. 11 Natural frequency as a function of displacement amplitude
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A METHOD FOR IDENTIFYING NONLINEAR STIFFNESS OF
HELICOPTER TAIL DRIVE SHAFT SYSTEM

Zou Yachen' Wang ping' NiDe' Shan Weidong® Zang Chaoping” Zhang Genbei’

(1.Hunan Aeroengine Research Institute , Aero Engine Corporation of China, Zhuzhou 412002, China)

(2.College of Energy and Power, Nanjing University of Aeronautics and Astronautics , Nanjing 210016, China)

Abstract A parameter identification method based on test data was proposed to evaluate the nonlinear stiffness of a tail

drive shaft system. Firstly, modal testing on the tail drive shaft system under low-amplitude excitation was carried out,

and a simplified dynamic model of the tail drive shaft system was established, which was verified by testing results.

Then, the stepping sine sweep testing under different excitation levels was conducted, and the relationship between nat-

ural frequency and displacement amplitude was obtained based on the measured frequency response function. Moreover,

the finite element iterative calculation of the simplified model was carried out to achieve the relationship between the nat-

ural frequency and the equivalent stiffness of the tail drive shaft system. Finally, the relationship between the equivalent

stiffness and the displacement amplitude was established, and the nonlinear stiffness of the tail drive shaft system was

identified.

Key words helicopter tail drive shaft system, frequency response function, modal testing, nonlinear stiffness
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