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Stiffness identification method of overhead conductor rail suspension structures
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Abstract: The pantograph-catenary system is the source of driving force for trains. Compared with flexible
catenary systems, overhead conductor rail systems have been the focus of current research because of its low
clearance, durability and good wind resistance. The traditional modeling method of OCR suspension structures is
to assimilate them to spring structures. Their effective stiffness is obtained according to the energy conservation
principle. This paper presented a new method based on genetic algorithm to identify the modeling parameters by
using the experimental modal information of OCRs. This method could not only identify the stiffness of OCR
suspension structures, but also set up a new validation and modification method of OCR models. In addition,
when the suspension structure damaged, the present method, due to its sensitivity to the structural stiffness, was
able to identify the damage position of the support spring and the actual effective stiffness value. This paper
designed some conventional structural cases to study the feasibility of this method. It has been verified that the

average relative error of the stiffness value identified by this method is less than 5% under conventional working
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conditions.
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Fig. 1 Traditional equivalent method of suspension structure
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Fig. 2 Flow chart of rigidity identification method for suspension structure of overhead conductor rail
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Table 1 Element type and parameters
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Fig. 3 Model of overhead conductor rail
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Table 2 Case parameters
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Fig. 4 Convergence diagram of suspension spring stiffness in
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Table 3  Frequency variation in SD3
- Iterl Iter4 Iter10 Iter100 I1ter300
SEAEMz SRIHz REM BRMHz RE% BRIz RE% O PEMz REM BEMHz RE%
13 13.153 12.254 6.833 12.066 8.260 12.944 1.587 13.141  0.090 13.135 0.138
17 13.933 13.527 2.917 13.653 2.015 13.716 1.561 13.929  0.032 13.934 0.005
21 14.700 15.183 3.288 14.847 1.004 14.675 0.166 14.696 0.021 14.697 0.015
22 14,772 15.349 3.904 14.993 1.719 14.993 1.493 14.790 0.123 14.781 0.061
24 22.848 20.785 9.029 21.722 4.927 21.975 3.821 22.843  0.020 22.843 0.020
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Fig. 5 Average relative errors of spring stiffness value
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Fig. 6 Relative errors of frequency (objective function)
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