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Parameter identiffication technique for a nonlinear viscoelastic property
with power series type Voigt model

Kazutoshi KOBAYASHI, Harutoshi YUKAWA and Shinichi INOUE

The shock absorbing materials used in sport surfaces and sport shoes show the dynamic property
of viscoelastisity. Kobayashi proposed a parameter identification technique for a nonlinear Voigt
model constructed nonlinear viscous element and nonlinear elastic element in parallel. Nonlinear
Voigt model is very useful for estimation of dynamic property of sport surfaces, sport shoes and
muscle. But this model was not found applicable to materials that have more complex structure, for
example lawn and softball.

The purpose of this study is to propose a parameter identification technique for a nonhnear Voigt
model represented by a power series type nonlinear elastic element and a power series type viscous
element in parallel The equation of this model is represented as follows;

.|

f= 2k|X+

where f is measured force, x is displacement, k; are parameters of power series of elastic element,
¢, are parameters of power series of viscous element.

In this proposed identification technique, parameters are calculated by using the method of
multiple regression analysis with measured force as a dependent variable, and displacement and
velocity as independent variables. In the case of lawn and softball, sufficient accuracies were given by
using parameters included in 5-degree power series for elastic element and 6-degree power series for
viscous element. )
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F :force applied on the test foot

m:mass of test foot

x : displacement

ki:parameter of nonlimear elastic element
cj:parameter of nonlinear viscostic element
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: force applied on the softball

m:mass of the softball

x : displacement of the C.G. of the softball
Vo :initial velocity of the softball

ki: parameter of nonlimear elastic element
cj: parameter of nonlinear viscostic element

( B) softball

Fig. 1 Voigt model of visco-elasticity of the lawn and the softball.



W6, HZDFRBEOFIIZEDEIZEDEHDMN
HoTh, TINEEOYHRERE LTRA
FBELODDZBWEEZONS,

Fig. 1@KRT & 31, EEDONE FHEIER
# Voigt € 7 VIZIRATERE RS,

mii:F—if kix'—T{(——_é ¢ | % | (1)

i=1 X | ji=1

7272 L, FIImELZIIBOMKEE, 5 test foot
(EREER) hinz s n/-EE), midtest
foot (ENEER) DHEE, k ZREBMEOIEGR
MM RET 2 {REL, o IR BE T A 1R,
X 3N, X BERIEE, X IEHEEETHY,
S, riZABEZECBECHCTEDLZ DET
3,

WAEFER R — 12D b Fig. 1OICRT &
SBIRATEEINZETVEEAT S,

mx=f

:—231 kix‘—%é]l G| % (2)

Jeidl, fRE7F—ASv—1rEDAIEL
B, mi3 R —VOER, kIR CET
B R8, o XTI BE T 24840, x ik — v
DELBITHENM, X ZHEEET 3,
EhEpETFINVERBEKE, s, rI3SERELNE
BRECTHRDZ D ET S,

3. EREELS L UERAR

IR & > TIREI NG ESR - 3
FRTZ T B 2 NG F 1 3 D E B FEIETE Voigt
7L T, EHBE TN EESR) TREWIE
PENE LN flE LT, 4B L O
BFERR — VI DWW TERRE T4 - 72,
BHEOEBICDOWTIE Fig. 217, BREFFHR—
MZDWTIE Fig. 3N FhOEBREES L O
FEEHEERRERT,
ZHEDOFEEIL, Fig 2R L EEABRELIE
ELTWwBZREHEL, BERTEoT, 24
LB sEBHABRCIZEOEEC LV ERT
BEHET 2 ENMEEN (test foot) DEFEHIL3S
WA T TH2BE, F—FIHERENT LT L5
HOEBTHL MR > TWE, ZhiE, Z4£0
ESHREE I > TCnd 2k, ¥z, Z4AEHA
HREEZFETRZ MMM I 5 2 L2z & b,
BRSNS U LRSS 7 B/ N & I T X
BWlehTHdEEZONDS, -7, SEHOHE

— 189 —

_\ Impact weight
Slide bearing

== |

/ Accelerometer and
1l Force transducer
L,//'//

q Test foot
/’ / lawn
000

Fig. 2 Structure of testing device for the lawn
field.
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Fig. 3 Schematic diagram of experimental
system for the softball.
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(c) heavy impact

Fig. 4 Standard errors between the measured
force and the estimated force by using
various pair of viscous power series and
elastic power series, when the three shock
load tests are applied to the lawn. Viscous
power series and elastic power series are
varied from 1-degree to 8-degree.
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(c) heavy impact

Fig. 5 Standad errors between the measured
force and the estimated force by using
various pair of viscous power series and
elastic power series, when three collision
tests using the softball against the force
plate. Viscous power series and elastic
power series are varied from 1-degree to
8-degree.
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Table 1 Parameters of viscous and elastic power series of each test.

parameters of elastic element
lawn
k1 k2 k3 k4 k5
light —8.67X10° —6.48X107 —4.56X10® 1.87x10° —2.39%10%®
medium 4.11X104 —1.21X108 —1.39x10° 2.30x108 1.33Xx10™
heavy 3.96 X104 —1.79X108 9.37X108 1.82%10° 1.50x10"
parameters of viscous element
cl c2 c3 cd
9.83x10! —2.78X10% 8.48 X102 —3.92X102
5.58 X10! —1.97X10 6.89X10* —1.31x10!
8.84X10! 3.45X%10° 4.20%10° 4.51X10°
parameters of elastic element
softhall
k1 k2 k3 k4 k5
light 6.13x10* —3.85X107 7.50 X107 7.75X108 8.10%10'?
medium 2.78X10° —3.48X107 —7.95x10®8 8.58 X108 —8.74X10"
heavy 6.01Xx10° —7.22X107 —1.32X10° —1.52x10° —1.52X10"
parameters of viscous element
cl c2 c3 cd c5 c6
1.76 X 10! —1.16X10* 1.38%10! —8.04X10° 2.44X10* —2.77X107!
—5.72X10! —2.07x10* 1.55%10! —5.36Xx10" —3.00x107* 2.26X107?
—1.71X10? 5.50x 10! —1.05x10! 2.10X10° —1.82X10"! 5.08 X107
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Fig. 6 Comparison of the measured curve (a) with
the estimated curves (b,c,d) when the heavy
load test is applied on the lawn.

a: measured curve.

b: estimated curve of the heavy load test
by using the model parameters
identified supposing that the lawn is
linear Voigt model.

c: estimated curve of the heavy load test
by using the model parameters
identified supposing that the lawn is
nonlinear Voigt model.

d: estimated curve of the heavy load test
by -using the model parameters
identified supposing that the lawn is
nonlinear Voigt model represented as
a pair of viscous power series and
elastic power series.
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Fig. 7 Comparison of the measured curve (a) with
the estimated curves (b,c,d) when the heavy
collision test is applied on the softball.

a: measured curve.

b: estimated curve of the heavy collision
test by using the model parameters
identified supposing that the softball is
linear Voigt model.

c: estimated curve of the heavy collision
test by using the model parameters
identified supposing that the softball is
nonlinear Voigt model.

d: estimated curve of the heavy collision
test by using the model parameters
identified supposing that the softball is
nonlinear Voigt model represented as
a pair of viscous power series and
elastic power series.

‘Table 2 Standard errors and error ratios of each model of the lawn and the softball.

lawn

softhall

type of model
standard error(N)

error ratio(%)

standard error(N) error ratio(%)

linear Voigt model 79.65
nonlinear Voight model 84.55
power series Voigt model 17.07

9.10 302.25 17.61
9.66 430.88 25.10
1.95 30.63 1.78

error ratio is ratio of standard error against the maximum force of each test.
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