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R. Lewandowski*,1, B. Chorazyczewski**,1 
1 Institute of Structural Engineering, Poznan University of Technology, Poland 

A major difficulty connected with fractional rheological models is the estimation of the model parameters of experimental 
data. A new method for identification of the parameters of the fractional Kelvin-Voight model is presented. The procedure 
has been validated using artificial data and then used in estimating parameters from experimental data. 
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1 Introduction 

Fractional mechanical models are becoming more and more popular. The reason for their popularity is the ability of 
describing correctly the behaviour of viscoelastic materials using a small number of parameters [1,2]. A single equation is 
enough to describe the VE damper dynamics. This is an essential advantage of the fractional models. An important 
difficulty, connected with the fractional models, is the estimation of model parameters of the experimental data. In the past, 
many different methods were tested for identification of model parameters [3, 4, 5]. The process of parameter identification 
is an inverse problem which can be ill congitioned [5, 6]. It is the aim of this paper to present a new method for identification 
of the parameters of the fractional Kelvin-Voight model. The procedure has been tested using artificial and real experimental 
data. 

2 A brief description of fractional rheological models 

The motion equation of the fractional Kelvin-Voight model is in the following form: 

 )t(qDk)t(kq)t(u t
αατ+=  (1) 

where: k/ck/c~~ ==≡ ααττ , 10 ≤< α  and )t(qDt
α is the fractional derivative of order α with respect to time t. 

The steady state solution to the equation (1) is in the form: tsinqtcosq)t(q sc λλ += , tsinutcosu)t(u sc λλ += , where qc, 

qs, uc and us are interrelated in the following way s2c1c qqu ϕϕ += , s1c2s qqu ϕϕ +−= and )]2/cos()(1[k1 απτλϕ α+= , 

)2/sin()(k2 απτλϕ α= . The behaviour of the fractional Maxwell model is described by the following equation: 
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The steady state solution is in the same form as in the fractional Kelvin-Voight model although now the 
scsc u,u,q,q parametres are interconnected in the following manner: s2c1c uuq φφ −= , s1c2s uuq φφ +=  and 
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3 Parameter identification procedure based on the hysteresis loop equation 

The equation of hysteresis loop of the fractional fractional Kelvin-Voight model is given as follows 
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From Equation (3), and on the assumption that for the given frequency of excitation and t=t1, we have q(t1)=q0 > 0, u(t1)=u1 
> 0 and for  t=t2 when q(t2)=0,  u(t2)=u2 > 0 the following  is obtained: 
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 01 q/u)2/cos(ck)2/cos()(1[k =+=+ απλαπτλ αα ,     02 q/u)2/sin(c =απλα  (4) 

For a given λ, relationships (4) are a set of two nonlinear equations with three unknowns: k, c, α or k, τ, α. The parameters of 
u1, u2 and q0 have clear physical meanings and can be easily obtained from experimental data. During experiments, the 
damper is several times harmonically excited with different frequencies λi. The steady state response of the damper is 
measured. The experimental damper displacements qei(t) and the damper forces uei(t) are known for each λi. 
Now the equations (4) can be rewritten for i = 1,2,…,n in the form: 

 0q/u)2/cos(ckr 01i1ii =−+= απλα ,     0q/u)2/sin(cs 01i2ii =−= απλα . (5) 

The above equations constitute a set of over-determined nonlinear quations with respect to k, c and α. The pseudo-solution to 
(5) is obtained by minimizing the following functional: 
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If the parameter α is known, then stationary conditions give us the following set of equations, which are linear with respect 
to k and c 
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The correct value of α is obtained using the method of systematic searching. The set of values of α, denoted as αj 

(j = 1,2,…,m) is chosen from a given range of α. For each αi the corresponding values of k and c are determined from (7) 
and the value of functional (6) is calculated. The values of αj, kj and cj for which the functional (6) has a minimal value are 
the searched parameters of the fractional Kelvin-Voight damper model. The same algorithm can be applied to the fractional 
Maxwell model and a very similar procedure of identification can be developed. The results of calculation are presented 
below 

 

 

 

 

 

 

Fig. 1 Storage and loss modulus 
 
Acknowledgements    The authors acknowledge the financial support received from the Poznan University of Technology    
 (Grant No. BW. 11-008/08) in connection with this work. 

References  
[1] T. Pritz, Analysis of four-parameter fractional derivative model of real solid materials, J. Sound Vibr., 195, 103 – 115 (1996) 
[2] A. Schmidt, L. Gaul, Finite element formulation of viscoelastic constitutive equations using fractional time derivatives, J. Nonlin. 

Dyn., 29, 37 – 55 (2002) 
[3] S. W. Park, Analytical modeling of viscoelastic dampers for structural and vibration control, Int. J. Solids Struct., 38 (2001) 8065 – 

8092. 
[4] J. Honerkamp, Ill-posed problem in rheology, Rheol. Acta, 28 (1989), 363 – 71. 
[5] T. Beda, Y. Chevalier, New method for identifying rheological parameter for fractional derivative modeling of viscoelastic behavior, 

Mech. Time-Dependent Mater., 8 (2004) 105 – 118. 
[6] S. Gerlach, A. Matzenmiller, Comparison of numerical methods for identification of viscoelastic line spectra from static test data, 

Intern. J. Num. Meth. Engng. 63 (2005) 428 – 454.   

Storage modulus K'

1.0E+03

1.0E+04

1.0E+05

1.0E+06

0 20 40 60 80 100
[rad/s]

Experimental data
Fractional KV Model

Loss modulus K"

1.0E+02

1.0E+03

1.0E+04

1.0E+05

0 20 40 60 80 100
[rad/s]

Experimental data
Fractional KV Model


