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Nonlinear System Parameter Identification
Using Finite Element Model
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Abstract

A method based on frequency domain approaches is presented for the mnonlinear parameters
identification of structure having nonlinear joints. The finite element model of linear substructure is
used to calculating its frequency response functions needed in parameter identification process. This
method is easily applicable to a complex real structure having nonlinear elements since it uses the
frequency response function of finite element model. 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 and experimentally with a cantilever beam
having the nonlinear element. It was verified through examples that the method is useful to identify the
nonlinear parameters of a structure having arbitary nonlinear boundaries.
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Fig. 4 Receptance hsf(w ) of cantilever beam

Table 1 Model parameters of nonlinear elements

By
T A By 53 5 B
YP¢ | N/m] | [Ns/m] [Nsrﬁﬁl [N/m’]
Model 1 | 4800 20 500 1.6x 10°
Model 11| 4800 20 3 1.6% 10°
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714 G )E BlAY Qi 93 ¥, Fo)
v B # e /HE, Ve )E 2y B 49
S Yepdth 4 (13)9A4 G ) HAE =
A4z 51dstz, 4 100l AR b 7
o] HjXy RdwLd s A& A, v
Y 249 REWSE w9y A% AnA e
FEE £ Aok A e ¢ Holq duE up
o} Zo] 7pzl gl s AL ¢ o,
53 e Fds 7he o] £33l
RH=F,sin2xft (16)

2ol R A EEo F HA = FRiA
A8 =27 R kR Fag 2 2z W
A7l o3 Zo] o 713 Yoz AR g
43kt

case 1) F, = 80 N oA

=10, 14, -, 46 Hz (0.4 Hz 7+3)
case 2) F, = 80 N 9] A

f=170, 174, ~, 20.6 Hz (0.4 Hz 243)
case 3) f =3 Hz oA

Fo =10, 20, =, 100 N (10 N 7+3)
case 4) = 19 Hz oA

F, =10, 20, -, 100 N (10 N 2+3)

A9 Wl 7S AR gel g8 4 (159l @
BE 2E 47 10 A9 Ba5 4e THE 5
Qoms A+yg H5y 4e RaAsd, 3 7
A wgel dd W5 FEe A% ARl 20
A% T4

ol gel T 7hA Fele) HAY o] B B
WASE 47 W A SR BEe A el
TEE AE Table 29 39 Felaich

Table 2 Idenitfied parameters of model I

Case B B2 .:233 , By .
[N/m] * | [Ns/m] | [Ns¥/m?] |[10°N/m’]
casel 4799.6 20.003 499.95 1.6003
case2 | 4800.0 | 20.063 | 499.68 | 1.5998
case3 | 4800.0 | 20.000 | 500.00 | 1.6000
cased | 4800.0 | 20.000 | 499.99 | 1.5998
True | 4800 20 500 1.6
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Table 3 Idenitfied parameters of model II

B By B3 By
[N/m] | [Ns/m] [N] | [10°%N/m’]

casel | 47073 20.040 | 2.9806 | 1.6226

Case

case2 | 4740.2 20.068 | 2.9192 1.6146

case3 | 4754.2 20.631 | 2.9205 1.6108

case4 | 4821.8 20.054 | 2.9784 1.5940

True 4800 20 3 1.6
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Table 4 Identified results of Coulomb friction

parameters
2-nd mode 4-th mode
S (Hz) Fa(N) | f(Hz) Fa (N)
28 0.358 82 0.563
29 0.349 83 0.616
30 0.341 84 0.631
31 0.336 85 0.598
32 0.333 86 0.576
optimum 0.359 optimum 0.602
X ms=0.530 (0s) | %,=0.513 (m/s)
X yms=2.756 (mm) X yms= 0.947 (mm)
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