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A method of measurement of non-linear visco-elasticity of
shock absorbing material and mucle by shock testing method

Kazutoshi KOBAYASHI

The shock absorbing materials used in sport surfaces and soles of sport shoes show the dynamic

property of rubber-like elasticity, and mucle also shows the similar property.

The purpose of this paper is to propose a method of measurment of the dynamic property of
rubber-like elasticity by means of shock test. The values of displacement and velocity of the deflection
of sample are obtained from integrating the shock acceleration measured with the accelerometer

installed in the shock testing device.

To obtain the rheological constants of sample, this method introduce the non-linear visco-

elasticity model described following equation.
F=hxt+cx?
Where, f is the force applied to sample,

x and ¥ are the displacement and velocity of deflection of sample,

k, D, ¢, q are the rheological constants of real number of sample.
These constants are obtained by the least squares method developed for the above model.
The measurement was performed about outsole foam and midsole foam of sport shoes, tensioned

muscles, and relaxed muscles. In these cases, the measured values agree well with the estimated

results from the model.

Key words: rubber-like elasticity, non-linear visco-elasticity model, shock testing method, the least
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1 Impact weight

2 Guideway for the impact weight
3 Cylindrical spiral spring

4 Tmpact head

5 Impedance head

6 Guideway for the impedance head
7 Accelerometer

8 Force transducer

9 Test foot

10 Sample

11 Base of testing device

Fig. 1 Structure of testing device.
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Fig. 2 Voigt model of visco-elasticity
F : force applied to test foot
k : element of elasticity
¢ :element of viscocity
m : mass of test foot
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Fig. 4 Acceleration of surface ot sample.

A is averaged acceleration of ten

measurements.

A7 is value of A +S.D.

A~ is value of A —S.D..



0.4

Beginning of shock x=0

0.0 g

velocity (m/s)

0 _ 20
time (msec)

Fig. 5 Velocity of deflection of sample.
V is averaged velocity of ten
measurements.

V* is value of V +S.D..
V- is value of V —S.D..
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Fig. 6 Displacement of deflection of sample.
D is averaged displacement of ten
measurements.

D* is value of D +S.D..
D~ is value of D —S.D..
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Fig. 7 The force applied to sample.
f is averaged force of ten
measurements.

f* is value of f +S.D..
f~ is value of f —=S.D..
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Fig. 8 Comparison of the measured values with
estimated values applying shock on
outsole foam of shoes.
fress, i the force curve obtained from
measurement.
fosr, is the force curve obtained from
estimation by non-linear Voigt model. -
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Table 1 constants of non-linear and linear Voigt model
non-linear Voigt model linear Voigt model
~ constants evaluation of error constants
test saimples k ? ¢ a4 A B : k ¢
, [N/mr] [N/(m/s)?] ) [N/m] [N/(m/s)]
outsole foam of shoes |4.24X10° 1.69X10° 4.79X10" 1.29X10° 0.074  0.047 8.33X10* -1.07X10°
midsole foam of shoes |5.50X10* 9.10X107* 2.48X10' 1.12X10° 0.036 0.055 1.60X10*  5.06x10
tensioned muscle 6.85x10° 1.21X10° 1.33X10° 4.62Xx107' | 0.057 0.084 2.10X10° -2.04%10°
relaxed muscle 6.30x10%  5.50x10"* 1.09X10° 4.50x10' | 0.050 0.114 1.50X10% -1.90%10°

R—Y ¥ 2 — XDEEHRF % £ D, T ARBEH
RO TR L, REEEE TV E L TIERD
8 Fig. 20K L7z & 5 et Uiz 7 4 —
I NEFNMCEIDERRTE 2EERNE W EE 2
53,

5. % &8

AR—=DH—T 2 ARAR—Y V2 — AR ED
REEAELE U T 2RSS Bu st
B, ERHALRABELIIENEE 2R > Tn 5,
Z DFTEIE BNET 2R E U T Tk e
B AR UCIREIERIC X 2 HIE DS,
AR—Y DHEFTIE, T LR H50% %

200 - T T T T T T T
fest.(l)
— fest.2)
=
]
2
R
0 L. '.".
. 45
0 time (msec)
» Fig. 9 Comparison of the measured values with

estimated values applying shock on
midsole foam of shoes.

fmeas. is the force curve obtained from
measurement.

festqy is the force curve obtained from
estimation by non-linear Voigt model.
fostqzy is the force curve obtained from
estimation by linear Voigt model.

ZBRBEEHEL S Z L%, Z-RIEREN
RETHEEIES RIS LB,

ZOWFEIR, T NREERD SR, JERR
TR E T L2 b L2 LT, BEEBBREICLD
RKDEIELTEHDTHE, ZITHOWIEHES
BRERRHRPOEREE, BN LERINEED
B XORDENE XS &R T,
HROBERERICHIT 2,

1) 74%—7 bV EFNVOBEESR L HEERS
AL L 7 AT E TV 2 AL, B
2EERC LV ETNVECEENLEHERET 2 H
EERRL .

2) Va—XEBZHAWTWARERTLT +— A

force (N)

o time (msec) 125

Fig. 10 Comparison of the measured valures with

estimated values applying shock on

tensioned muscle.

fmeas. 18 the force curve obtained from

measurement.

fest. is the force curve obtained from

estimation by non-linear Voigt model.
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Fig. 11 Comparison of the measured values with
estimated values applying shock on
relaxed muscle.
fmeas. is the force curve obtained from
measurement.
fesr. is the force curve obtained from
estimation by non-linear Voigt model.
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