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ABSTRACT

A method is proposed to identify nonlinear joint characteristics of a structure by means of
measured data. The relation between the joint force function and the response of the systemis
established by use a position index matrix. The parameters of the joint force function are
estimated by means of a least squares strategy. The parameter estimation can be done in time
domain and also in frequency domain. Especially, when there is no excitation on the joint
degrees of freedom only a part of the responses of the system are needed to identify the
nonlinear joint parameters. The validity of the method is demonstrated by computer
simulations.



Formulation of the problem
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with P : position index matrix; each column a unit vector

g : nonlinear joint function
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Common types of nonlinearities

with Np, Ng : orders of the nonlinearity

polynomial stiffness and , _ N Ng Ne |
damping link 0i(Xc, Xe) = Z Z Ciji(Xjc =Xjc)" + Kiji (Xic ~ Xijc)
=1 J=1 =1 =1
j#i i
Cross-coupling nonlinearity . Np Ng Ne L K
link 0i(Xc, Xe) = Z Z Aijik (Xic —Xjc ) (Xic —Xijc)
1=0 k=0 j=1
j#i
Coulomb friction and square- . Ne  Xic - Xic Ne . o o
low damping link gi(Xe) = > + Z Z Z Bijik (Xic — Xje)' | Xic = Xjc |
=1 | Xic =Xjc | 1 k=1 j=1
j#i jZi
piecewise nonlinear link
In general: gj(X¢,.Xc) = apfi(Xe, Xc) +--+ aiNofNO(Xc’Xc) =

N
_Zol(aijfj (Xc 1 Xc ))
J:




Equation of motion

(MX+CX+KX)+Pg=F
With
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0 P'Pg = P'F - PT(MX+CX+KX)

« where PTP =]

« Assumption:  F(t) not acting on Xic,Xoc, X160, Xoc



Example
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Excitation f, (t) =100 sin(wt) w=50/sec

‘measurement’ X3, X4, X3, X4



Conclusions

 algorithm to identify the properties of nonlinear joint elements

between linear elastic substructures

» only coupling DOF have to be measured

e assumption: no force on coupling DOF

» time domain and frequency domain identification

 identification for given nonlinear function type

e identification of the structure of the nonlinear function



