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Abstract

This paper studies the dynamic characteristics of a viscos-elastic material experimentally and the

construction of an equivalent stiffness model for the material numerically. For this purpose, the vibration tests

for the viscos-elastic material are carried out under the different strain amplitudes in vibration, and the master
curve, which indicates the dynamic characteristics of the material for wider range of frequency, is obtained

numerically by applying the W.L.F. rule. Fractional derivative models for the stress-strain relationship are then

assumed for the material and the parameters of the model are identified for each master curve, respectively.
In minimizing the sum of differences between master curve’s values and the estimated values given by the

assumed model is minimized numerically by using the Solver function of the Microsoft EXCEL in the present

study. Finally, the applicability of the Fractional derivative models is discussed by comparing the numerical
results, and it was found that the present model is useful for the construction even if the strain amplitude is

varied.
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Fig. 1. Geneneral dynamic characteristics

of visco-elastic materials.

Fig. 2. Experimental equipment in this study.
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Fig. 3. Experimental results for strain 5 um.
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Fig. 4. Experimental results for strain 10 ym.
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Fig. 5. Experimental results for strain 20 ym.
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Fig. 6. Master curve obtained for strain 5 ym.
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Fig. 7. Master curve obtained for strain 10 ym.
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Fig. 8. Master curve obtained for strain 20 ym.
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Table 1 Minimized evaluation functions and
identified parameters (N=1~5).

=

F E] b, ¢ R 0

1| 0920836976 | 1| 3589606.122 | 99999.99999 | -0.999444353 | 7.03423E-06 | -0.020833198

54151189791 | -77124964.38 | 2.60511E+11 | -727.0643583 | -8674.890543

2| 0.745780782
38489191943 | -6.026487763 | 5.403133302 | -0.017931087 | -0.011723384
976562638 | 30582.07034 | -0.99839471 | L70994E-05 | -0.020886213
3| 0975275212 | 2| 402457.4269 | 50459.43797 1000 -0.746548288 | 0.288170327

807122228 | 30799.88037 | 932.2851437 -1 0

9844903.832 | 9483408788 | -0.998501428 | 1.99989E-05 | -0.025112999

41 0.820190898

998014.4224 0 10.22546837 | -0.89894388 | (0.29551092

998622.609 | 16796.26325 | 997.4100624 | -0.95371073 | 0.293216581

41848343097 | -333462.4691 | 5232360.56 | -4440.180068 | -5270.353825

64847815088 | -3652000.805 | 505051.4473 | -8467.470881 | -81613.31373

5 | 0.614835106 0943223973 | 4.4654BE-09 | -1.0238E-06 | 0.673628295 | 0.858604946

-46.72737102 | 45923.42884 | 4932140557 | 7.701360922 | -217.0806737

I
1
1
2
1
2
3
1
2| 999478.0184 | 3123718364 | 9.848468801 | -0.998974613 | 0.281301043
3
1
1
2
3
1
5

15086509622 | -10089.10381 | 1535463962 | -0.026406994 | -0.010751795

10

I IESRK K X HIPEHXX >§2<>Lx X xi XXX
G

G [Pa]

’
9

log G

XA Xxx X XXX

0 2 4 6 8 10
log w [rad/s]

Fig. 9. Numerical result for identification (N=1).
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Fig. 10. Numerical result for identification (N=2).
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Fig. 11. Numerical result for identification (N=3).
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Fig. 12.  Numerical result for identification (N=4).
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Fig. 13. Numerical result for identification (N=5).
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