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Abstract

In this work, a frequency domain method is tested numerically and experimentally to improve
nonlinear model parameters using the frequency response function at the nonlinear element
connected point of structure. This method extends the force-state mapping technique, which fits
the nonlinear element forces with time domain response data, into frequency domain manipula-
tions. The force-state mapping method in the time domain has limitations when applying to
complex real structures because it needs a time domain lumped parameter model. On the other
hand, the frequency domain method is relatively easily applicable to a complex real structure
having nonlinear elements since it uses the frequency response function of each substructure.
Since this method is performed in frequency domain, the number of equations required to identify
the unknown parameters can be easily increased as many as it needed, just by not only varying
excitation amplitude but also selecting excitation frequencies. The validity of this method is
tested numerically with a 3 dof system having the nonlinear element of Coulomb friction and
hardening stiffness, and experimentally with a suspension testing system. From the results, it was
verified that the frequency domain method has some advantages over the classical force-state
mapping technique in the number of data points needed in curve fit and the sensitivity to response

noise.
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Table 1 Identified nonlinear parameters of 3 dof example system.

Excitation . o Parameters
Coulomb friction model
type k [N/m] ¢ [Ns/m] Fo [NT 1sx10* [N/m?]
sgn(x) 7540.8 37.5 4.0 4.54
M
CASE | 9 7542 .8 37.0 4.0 4.54
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10° 7731.8 12.1 5.7 4.21
sgn(x) 7731.8 19.6 5.0 3.12
M
CASE 1 9 7745 .4 19.8 5.0 3.11
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10 7979.3 18.3 5.3 3.02
True 8000.0 20.0 5.0 3.00
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Table 2 Results of identified parameters using frequency domain method.
Model k [N/m] ¢ [N-s/m] F. [N] MSE,[%] | MSE,[%]
Linear 6259.1(r=49.4%) 392.0(r=>50.6%) - 11.0 17.2
Nonlinear 6378.2 (r=58%) 184.6(r=27.4%) 12.3(r=14.5%) 4.0 6.5
Table 3 Results of identified parameters using arctangent function.
M k [N/m] ¢ [N-s/m] F4 [N] MSE,[%] MSE,[%]
50 6360.4 116.6 21.4 6.7 6.9
100 6371.4 155.5 16.1 4.5 6.2
500 6383.1 180.2 12.9 3.6 6.0
1000 6384.1 182.7 12.5 3.7 6.0
10000 6381.8 184.6 12.3 3.9 6.5

estimated
asured

acceleration [m/sec?]

time[sec.)

(a) The case using linear model
Fig. 4 Measured and estimated accelerations when the excitation has 1.5~2.5 Hz frequency band.

acceleration {m/sec 2 ]

time[sec.]

(a) The case using linear model
Fig. 5 Measured and estimated accelerations when the excitation has 2.5~3.5 Hz frequency band.
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(b) The case using nonlinear model
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(b) The case using nonlinear model
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Table 4 Results of identified parameters using
time domain method.

Model k [N/m] |c[N-s/m]| F4[N]
6790.6 188.5 4.1
(r=65%) | (r=30%) | (r=5%)
Nonlinear
MSE,=8.7[%] MSE,=8.1[%]
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