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Abstract: Elastomers based on the thermoplastics are widely used in rubber industries. Thermoplastic elastomers have the
advantages of an easy shaping process and elimination of recycling problems. Thermoplastic polyester elastomer (TPE) is
used for making rubber bands in wearable devices and its applications are increasing. In this study, five wrist bands were
designed and their mechanical behaviors were examined by computer simulation, using hyper elastic models, Mooney-
Rivlin and Ogden models, and a linear elastic model. Simulation results were compared and discussed in terms of band

design and material model.
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Figure 1. (a) TPC-ET(TPE) Chemical structure (b) TPC-ET
semi-crystalline structure.
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Figure 2. Four different TPE Stress-Strain Curves. 5300NA and
5400NA has low hardness than 5550NA and 5650NA.

Table 1. Hardness of TPC-ET Used in This Study

Item Shore D hardness
TRIEL 5300NA 30D
TRIEL 5400NA 40D
TRIEL 5550NA 55D
TRIEL 5650NA 65D

Z} &A= Shore D =0 whaf 2=, o]= Table 1]
wmsho] 7|5t}

Simulation
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1.2. Ogden model
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2. Design models
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Figure 3. Design models of wearable band. (a) Model 1, (b)
Model 2, (c) Model 3.

Figure 4. Mesh for computer simulation.

Figure 5. Detail geometry of Model 3.
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3. Boundary Conditions
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I Displacement: 3mm, 10mm

Figure 6. Boundary condition for simulation.
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Figure 7. Curve fitting TRIEL 5300NA. (a) Ogden 1st order fitting
(b) Mooney-Rivlin model fitting data.
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1. Simulation results
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Figure 8. Curve fitting TRIEL 5550NA. (a) Ogden 1st order fitting
(b) Mooney-Rivlin model fitting data.
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Figure 9. Equivalent stress distribution by design models (TRIEL
5300NA, Displacement 3 mm, Ogden model).
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Ogden Model
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Figure 10. Equivalent stress distribution by material models
(TRIEL 5300NA, Model 2, Displacement 3 mm).

|

| TRIEL 5300NA |

2.9031 Max
25813
22596
1.9378
1.6161
1.2943
097259
065084
0.32909
0.0073443 Min

| TRIEL 5550NA |

7.2083 Max
64123
56164
4.8204
4.0245
3.2285
24326
1.6367
0.84071
0.044758 Min

Figure 11. Equivalent stress distribution by TPE grade (Model 3,
Mooney-Rivlin model, displacement 3 mm).
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Figure 12. Equivalent stress distribution by displacement (TRIEL
5300NA, Model 3, Mooney-Rivlin model).

| Model Case 3 |

1.1095 Max
098652
086352
074052
061753
049453
037153
0.24854
012554
0.0025419 Min

| Model Case 3-a |

1.4747 Max

13113

11479

098454
08117
065779
049442
033105
016768
0.0043082 Min

| Model Case 3- b |

1.4947 Max
1.3288
1.1629
0,097
083111
066522
049933
0.33344
016755
0.001665 Min

Figure 13. Equivalent stress distribution in Model 3 (TRIEL
5300NA, Mooney-Rivlin model, displacement 3 mm).
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Figure 14. Variation of equivalent stress for design model. (a) Figure 16. Variation of equivalent strain according to model. (a)
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Figure 15. Variation of equivalent stress according to material models. (a) TRIEL 5300NA, (b) TRIEL 5550NA.
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03

0.25

0.2

m Ogden
0.15 + [— -
B Mooney-Rivlin
0.1 + — Linear
0.05 - —
0 -

Model 1 Model 2 Model 3
(a)

TRIEL 5550NA, Strain by material model

03

0.25

0.2

m Ogden
0.15 - — -
B Mooney-Rivlin
0.1 + — Linear
0.05
0 -

Model 1 Model 2 Model 3
(b)
Figure 17. Variation of equivalent strain according to material. (a)
TRIEL 5300NA, (b) TRIEL 5550NA.
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Figure 18. Variation of equivalent stress in Model 3.
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