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Parameter identification technique for a nonlinear viscoelastic model of shock
absorbing material and muscle by the shock test with multi-grade shock loads

Kazutoshi KOBAYASHI and Harutoshi YUKAWA

The shock absorbing materials used in sport surfaces and shoes show the dynamic property of
nonlinear viscoelasticity, and muscle also shows the similar property. In general, the property can
be expressed as parameters of a rheological model. A parameter identification technique in this paper
is presented for a nonlinear Voigt model that is connected a nonlinear elastic element with a nonlinear
viscous element in parallel. The proposed technique consists of the following two steps. In the first
step, the nonlinear elastic parameters are identified by using the least-squares method in regard to
each result of the shock tests with multi-grade shock loads. In the second step, the nonlinear viscous
parameters are identified by using the least-squares method in regard to known parameters and every
result of the shock tests. Examples of estimation by model and experiments are given to demonstrate
the accuracy of the technique, and good results are shown.
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Fig. 1 Nonlinear Voigt model of visco-elasticity
. force applied to test foot

. element of nonlinear elasticity

. element of nonlinear viscocity

. mass of test foot

: displacement of test foot
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Fig. 2 The relation between displacement of
deflection of sample x and shock force f
k : coefficient of nonlinear elasticy
a . constant
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Table 1 Identification of model parameters for muscle.

shock shock load model paramaters
test for muscle k c a b
light shock load | 7 81x10° | 9.11x107 | 1.10X10° | 4.69X 10~
single | medium shock load | 5 995100 | 2.9210° | 9.30%120-t | 6.24x 10"
heavy (Sll\}[%‘:)k load | 1 9370+ | 1.22x10° | 1.13%10° | 4.07x10"
multi-grade loads 9.71X10* | 4.60X10° | 1.55X10° | 5.34x10"

M1, Mm, Mh: each maximum displacement of deflection of sample is 2.52mm, 4.56

mm, 5.87mm.
Number of multi-grade shock loads are 15.

Table 2 Identification of model parameters for shoe.

shock shock load model paramaters
test for shoe k ¢ a b
light shock load | 4 ggx10: | 1.87x10° | 1.77x10° | 3.68 10"
single | medium shock load | g g6 100 | 6.22x10° | 2.32x10° | 5.19%10"
heavy shock load | 3 g9x10+ | 9.24x10° | 3.15%10° | 6.86X10°"
multi-grade loads 4.66Xx10° 5.68X10° 2.19X10° 3.89x10°!

Sl, Sm, Sh: each maximum displacement of deflection of sample is 5.62mm, 8.50

mm, 10.19mm. _
Number of multi-grade shock loads are 9.
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Fig. 3 Comparison of the estimated curves (A,
B) with the measured curve (C) on the
heavy load shock test for muscle.

A : estimated curve for heavy shock load

test by using the parameters
identified from heavy shock load
test.

B : estimated curve from the multi-grade
loads test.

C ! measured curve.
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Fig. 4
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Comparison of the estimated curves (A,

B) with the measured curve (C) on the
heavy load shock test for muscle.

A

estimated curve for heavy shock load
test by using the parameters
identified from light shock load test.

. estimated curve from the multi-grade

loads test.

. measured curve.
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Fig. 5 Comparison of the estimated curves (A,
B) with the measured curve (C) on the
heavy load shock test for muscle.

A

estimated curve for heavy shock load
test by using the parameters
identified from medium shock load
test.

! estimated curve from the multi-grade

loads test.

! measured curve.
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Fig. 6
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Comparison of the estimated curves (A,

B) with the measured curve (C) on the
medium load shock test for shoe.

A

B

C

. estimated curve for medium shock

load test by using the parameters
identified from medium shock load
test.

. estimated curve from the multi-grade

loads test.

. measured curve.
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Comparison of the estimated curves (A,

B) with the measured curve (C) on the
medium load shock test for shoe.

estimated curve for medium shock
load test by using the parameters
identified from light shock load test.

. estimated curve from the multi-grade

loads test.

. measured curve.
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Fig. 8 Comparison of the estimated curves (A,
B) with the measured curve (C) on the
medium load shock test for shoe.

A : estimated curve for medium shock

B

C

load test by using the parameters
identified from heavy shock load
test.

: estimated curve from the multi-grade

loads test.

. measured curve.
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Table 3 Standard error between estimated values and
measured values on the shock test of muscle.

s : estimates from
shock Toad for estimates from single shock multi-grade shocks
experiment shock load standard error standard error
for estimation (mm) (mm)
Ml 0.130
Ml Mm 0.336 0.047
Mh 0.432
Ml 0.357
Mm Mm 0.131 0.249
Mh 0.587
Ml 1.176
Mh Mm 1.421 0.289
Mh 0.209

MIl, Mm, Mh: each maximum displacement of deflection of sample is 2.52

mm, 4.56mm, 5.87mm.

Number of multi-grade shock loads are 15.

Table 4 Standard error between estimated values and
measured values on the shock test of shoe.

. : estimates from
shock foad for gstlmates from single shock multi-grade shocks
experiment shock load standard error standard error

for estimation mm mm,
, Sl 0.113

Sl Sm 0.187 0.185
Sh 0.898
Sl 0.769

Sm Sm 0.102 0.111
Sh 0.620
Sl 1.120

Sh Sm 0.337 0.364
Sh 0.218

Sl, Sm, Sh: each maximum displacement of deflection of sample is 5.62mm,

8.50mm, 10.19mm.

Number of multi-grade shock loads are 9.
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