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Identification of fractional-derivative-model parameters of viscoelastic materials using an
optimization technique
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ABSTRACT

Viscoelastic damping materials are widely used to reduce noise and vibration because of its low cost and easy
implementation, for examples, on the body structure of passenger cars, air planes, electric appliances and ships. To
design the damped structures, the material property such as elastic modulus and loss factor is essential information. The
four-parameter fractional derivative model well describes the nonlinear dynamic characteristics of the viscoelastic
damping materials with respect to both frequency and temperature with fewer parameters than conventional spring-
dashpot models. However the identification procedure of the four-parameter is very time-consuming one. An efficient
identification procedure of the four-parameters is proposed by using an FE model and a gradient-based numerical
search algorithm. The identification procedure goes two sequential steps to make measured FRFs coincident with
simulated FRFs: the first one is a peak alignment step and the second one is an amplitude adjustment. A numerical
example shows that the proposed method is efficient and robust in identifying the viscoelastic material parameters of

fractional derivative model.
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Table 1. Result of identifications a0 - <-=~ - Initial value
, e NOt cONVetged
70 f Converged
. . i Refe
Parameter { N | Ratio [ %, Identified vatue/True value X 100} i slerence
of 86 4 i Not converged
initial vatue ;
method : a c d { & 50 - NAPEEAN 3
er | @ | 9 || Bld|f g % \/
I ’
N=1 211 | 100 | 100 | 98 929 30 12 g
One § 30
step 4 ]
N=2 | 152 | 100 | 100 | 100 | 98 | 100 | 100 204 L !
v Converged
N=2 19 ;3 & Reference
st 23 | 99 | 100 | 89 | 98 | 100 | 97 . 0
¥ L 1]
Two step 200 250 300 350 00
step N=2 Fraquancy (Hz]
o 41 | 100 | 100 | 100 | 99 | 100 | 100 quancy (H2)
2" step
Fig. 8 An example of response of not-converged case
Table 2. Identification results for LD-400 (Started from P-multiple of the true values except 3 )
Initial Value Identified Identified . Initial Value Identified Identified .
Parameters - . Ratio (%) : Parameters K Ratio (%)
(P=0.01) First step Second step P=0.1) First step S d step i
a, 0.33820E+01  0.33798E+03  0.33811E+03  100.03 a, 0.33820E+02  0.33840E+03  0.33804E+03  100.05
a 0.24850E+02  0.24850E+04  0.24850E+04  100.00 a 0.24850E+03  0.24888E+04  0.24848E+04  100.00
1 1
q 0.12000E-02  0.12419E+00  0.12000E+00  100.00 Lo 0.12000E-01  0.13499E+00  0.11999E+00  100.00
dl 0.12222E+03  0.12297E+05  0.12240E+05  99.85 d] 0.12222E+04  0.12397E+05  0.12197E+05 99.79
Jé) 0.50000E+00  0.46999E+00  0.47000E+00  100.00 £ 0.50000E+00  0.47000E+00  0.47000E+00  100.00
T, 0.15600E+00  0.15512E+02  0.15592E+02  100.05 T, 0.1S600E+01  0.16093E+02  0.15521E+02  100.51
() P=10.01 (b)P=0.1
iti - ; i L Initial Value  Identified  Identified
Parameters Initial Value: Identified Identified Ratio (%)  Parameters i u ! nii Ratio (%)
(P=10) . First step Second step A (P=100) First step Second step
a, 0.33820E+04  0.34414E+03  0.33822E+03  99.99 a, 0.33820E+05  0.33820E+02  0.33822E+03  100.00
a, 0.24850E+05  0.24649E+04  0.24850E+04 100.00 al 0.24850E+06  0.25332E+04  0.25277E+04 98.31
e 0.12000E+01  0.69000E+00  0.11900E+00  100.84 (&) 0.12000E+02  0.11948E+02  0.34684E+02 034
a'1 0.12222E+06  0.12218E+05  0.12222E+05  100.00 dl 0.12222E+07  0.12218E+06  0.12222E+06 10.00
yé) 0.50000E+00  0.46886E+00  0.47001E+00  99.99 B 0.50000E+00  0.50000E+00  0.50000E+00 94.00
T, 0.15600E+03  0.15707E+02  0.15592E+02 10005 1, 0.15600E+04  0.15512E+04  0.15543E+04 1.00
(c)P=10 (d)P=100
Initial Value  Identified Hdentified Initial Value  Identified Identified .
i P t Ratio (%
Paramele’s  rand Firststep___ Secondstep o %) RPAMCT P=+100r-10)  Firststep  Secondstep o )
a, LOOE+01  034414E+03  0.33822E+03  99.99 a, 0.33820E+02.  0.33798E+03  0.33811E+03  100.03
a, LOOE+01  0.24649E+04  0.24850E+04  100.00 q, 0.24850E+05  0.24649E+04  0.24850E+04  100.00
¢ LOOE+00  0.15393E+00  0.11900E+00  100.84 G 0.12000E-01  0.13499E+00  0.11999E+00  100.00
d, LOOE+01  0.12218E+05  0.12222E+05  100.00 d, 0.12222E+06  0.12218E+06  0.I2197E+05  99.79
,B 0.50E+00 0.46886E+00  0.47001E+00 99.99 ﬁ 0.50000E+00  0.46886E+00  0.47001E+00 99.99
72) 1.00E+01 0.15707E+02  0.15592E+02 100.05 7:) 0.15600E+01 0.15512E+02  0.15592E+02 100.05

(e) P=random value

(HPp==%10
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