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Development of a Prediction Method for the Hyper-elastic Material Model
Coefficient through the Indentation Test and Machine Leaming
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Abstract: In this paper, a hyper-elastic model coefficients prediction algorithm is developed to simplify the experiment to derive the
hyper-elastic model coefficients needed for nonlinear finite element analysis (FEA). In the simulations, the correlation between the
hyper-elastic model coefficients and the selected measurement data is analyzed through the replicate simulation. A predictive flow graph
using TensorFlow is obtained using the acquired data and machine learning techniques. Using these predictive flow graphs, the random
hyper-elastic model coefficients are predicted. In addition, the model coefficients of real hyper-elastic materials are predicted using the
developed algorithm. Although the accuracy of the prediction is decreased, the model coefficient prediction techniques using manipulator
and machine learning algorithms show great potential. An improvement to the pressure test will be attempted in the future to increase the

probability of the measuring field.

Keywords: Hyper-clastic model coefficient, Mooney-Rivlin model, machine learning, indentation test
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Uniaxial tension test Equal biaxial tension test

equipment & specimen equipment & specimen

Planar tension test equipment ~ Volumetric compression test

& specimen equipment & specimen
RERIECEPYBE ERE Rt PR

Fig. 1. Hyper-elastic material coefficient test.

Motor control system

Data acquisition system

Measurement instrunientation
729 2 84 B AG 22 9le) Ak kel AlE Alzw,

Fig. 2. Full indentation test system configuration.
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64_;4,31 W oY= AT EAE olEFHoE A5}
X Bl AFE FAHOE ISk 97 ®
AtH10]. 23 sld A= A (shear) 7159
g Ay E22 7Fed oy S (compressibility)
Al B3 3N Bl Aee] =L EVFSSHATH
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A3 ol e HAAAE EE(multi layer percep-
tron)S ©]&& WAlHY 7IHE FEst oAy HAY
3] &4 (multi-variable nonlinear regression analysis)[11,12]<
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ZEY &A9 A 2de HYPE oA W(strain

energy density)E $& T ElA|(deformation gradient tensor)
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1

W : strain energy density

Ay @ principal stretches ratio

I3 @ invariant of left Cauchy-Green deformation tensor
1€ : invariant of right Cauchy-Green deformation tensor
J : volumetric ratio
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Table 1. Classification of hyper-elastic material model [14].

phenomenological mechanistic hybrid model
model model

+ Polynomial model + Arruda-Boyce | © Gent model
- Mooney-Rivlin model model -+ Van der Waals
* Yeoh model + Neo-Hookean model
- Ogden model model
+ Saint Venant-Kirchhoff

model
+ Marlow model
+ Fung model
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)\1,3“' : deviatoric principal stretch
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;> o; = model coefficient(temperature dependent material

properties)

D. : volumetric term coefficient
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J,, : elastic volume ratio
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Table 2. hyper-elastic material model comparison.

Ogden | Polynomial | Mooney-Rivlin | Neo-Hookean
e 370 270 270 1A
A |3~1870 | 3~187) 370 270
HEE | ~700% - ~250% ~20%
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Fig. 3. Full model indentation equipment & simulation model data.
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Table 3. Simulation environment components.

model Specimen deformable solid
type Indentor discrete rigid shell
material behavior hyperelastic
. material type isotropic
material - -
hyperelastic material Lo
property Mooney-Rivlin model
model
section type solid, homogeneous
type static, general
step solution technique full Newton
Nigeom on
type surface-to-surface(standard)
. . . . tangential behavior / panalty
interaction| contact interaction . .
friction coefficient : 1.05
property -
normal behavior / hard contact
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Fig. 4. graph tendency of explanatory variable and C*
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Table 4. machine learning develop environment.
CPU: i7-8750H

GPU: GTX-1070

Aol python 3.6.9

tensorflow 1.15.0rc3

= dof

ML —
jupyter notebook
initializer = xavier_initializer
& 8]F | linear regression, sigmoid function

optimizer = Adam
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Fig. 7. interpolate 3D scattered curve of 1st training data (Dy).
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29 8. 13 Edlold HelEe] 24 Hlole ik BY 24
(Cio, Con).
Fig. 8. interpolate 3D scattered curve of 1st training data (C;o, Cor).
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Fig. 9. interpolate 3D scattered curve of 2nd training data (D).

I%10. 22k EFlo]g dle]Ele] 4 dlolE Bt H{H 2+
(Cio, Co1).

Fig. 10. interpolate 3D scattered curve of 2nd training data (Cio, Co1).
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Table 5. 2nd training and test result [%o].
cost : 0.00019218243
Cio Coi D,
2.149010983 2.726511758 141.4211232

1% 11 DA A5 BEE S A A2 AEHEAL).
Fig. 11. new explanatory variables data to improve accuracy of D.
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Table 6. 3rd training and test result [%)].

cost : 0.000015115982
Cio Co D,

0.758617357 1.670153302 7.262051574
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Fig. 12. indentation test equipment & dragon skin specimen.
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Table 7. test result of experiment data[%)].

A=

Co error Co, error D, error

62.71226% 109.3001% 176.2874%
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Table 8. Comparison of simulation data & experimental data.

simulation experiment error[%]

Cuo 0.5 0.5 0

Cor 0.6 0.6 0

D, 0.036855 0.036855 0
L[mm] 1.27011 1.63655 28.85104
Q) 214 w7k | 24.53853393 | 3.6954477 | 84.94023
Y T mE gk | 125.6874209 | 82178531 | 93.46167
A& 3051.973247 | 291.22224 90.4579
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