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Detection of Nonlinearity Using a Fourth Moment
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ABSTRACT

Existence of any nonlinearity in responses of a nonlinear system is tested using a kurtosis or a fourth

moment which has been widely used to characterize signal patterns. By inputting a harmonic signal to

a system and investigating the distortions of an output signal from a harmonic pattern, which are due

to violations of proportionality between the input and the output, it is judged whether the output is

generated from a nonlinear system or not. Through applying the method presented in this work to

simulation studies on detections of nonlinearitities of a single degree of freedom system, in which three

kinds of nonlinearties are treated as restoring force terms, feasibilities of the method are shown and

the range of both frequency and input amplitude, in which the system generates nonlinear responses, is

determined.
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Fig. 1 Input-output relation of linear and nonlinear
system in case of harmonic excitations
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Fig. 2 Comparison of capabilities of kurtosis and sig-
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(input level 1;5 N, input level 2 ;20 N)
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Table 2 Relative magnitudes of linear terms and a
cubic stiffness nonlinear term for sinusoidal
inputs of frequency 1.2 Hz at several ampli-
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(%)
. Linear term Nonlinear term
Input amplitude
my cy ky kyy®
1N 419 | 114 | 465 0.15
5N 40.7 | 11.1 | 45.2 2.96
20 N 36.2 | 9.77 | 39.7 14.4
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Fig. 3 Determination of region of frequency and input
amplitude where the system containing cubic
stiffness generates nonlinear responses
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Fig. 4 Comparison of capabilities of kurtosis and sig-
function to detect quadratic damping nonlinear-
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Table 3 Relative magnitudes of linear terms and a

quadratic damping nonlinear term for
sinusoidal inputs of frequency 0.6 Hz at several
amplitudes
(%)
Linear term Nonlinear term
Input amplitude - —
my cy ky eyl yl
1N 149 | 8.78 | 76.3 0.026
5N 16.2 | 8.59 | 74.6 0.61
20 N 27.0 | 6.89 | 59.6 6.50
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Table 4 Relative magnitudes of linear terms and a
Coulomb friction nonlinear term for sinusoidal
inputs of frequency 0.6 Hz at several ampli-

tudes
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1N 159 | 7.06 | 59.2 17.9
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