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Stress and strain distribution pattern investigation in multi-layer elastic hand
prosthesis, inspired by the human skin structure
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ARTICLE INFORMATION ABSTRACT

Original Research Paper One of the very important issues in designing hand prosthesis is to consider their cover or cortex. The
Received 03 December 2016 purpose of this research is to design a cover to have a similar behavior, as much as possible, to the
Accepted 16 March 2017 human natural skin, in power transmission and deformation pattern. A layer made of Lorica®, which

Available Online 14 May 2017 has similar properties to natural skin, has been added to the conventional cover which is composed of

Keywords: three layers. Using finite element analysis Software, ANSY'S V.15, the new four-layered cover has been

Prosthesis investigated on three dimensional model of the hand prosthetics with different thickness for the outer
prosthetic hand layer, and the pattern of deformation and internal stresses in the prosthesis are measured. Optimal
skin layers thickness of the outermost layer is evaluated due to stress and strain distribution and their
optimum thickness transformation to prosthesis metallic core. The relationship between the thickness of this layer and the

finite element analysis distribution of stress and deformation of the cover is not linear and direct and the thickness of 1.5mm

shows better results among the measured values in this section.

In this study, the fourth layer was added to improve the frictional and elastic properties of formerly
used prosthetic covers, and its effect on stress and strain distribution in the prosthesis was investigated.
It is determined that due to lack of linear correlation between the thickness and stress distribution, the
optimal thickness of each layer must be selected based on design limitations like the ability of
embedding tactile sensors in future for the minimum thickness. The effects of changes in the thickness
of the other layers need further investigation and can be a good subject for future research.
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Oyl PTFE 17 x 10° 0.3
&b sl Pl 70 x10° 0.35

" 1st order Ogden model
8 ANSYS V.15

° Bonded-type contact

19 polytetrafluoroethylene
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17 q ——von mises lorica thickness 0.75 mm
16 - =—fll—von mises lorica thickness 1 mm
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14 von mises lorica thickness 1.5 mm
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Fig. 6 Von mise stress distribution along surface path nods
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Fig. 3 Designed cover and the changes made on the model
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Table 3 the mean and variance values of von Mises stress along the
surface of the prosthesis for different thicknesses

Grasheo) K90 s (NM?) (oSike by
0.75 5.185645 4.880613
1 4847721 5.506534
1.25 4.805833 5.304077
1.5 3.98258 4.253836

e Jgb 50 1 e by 5o (ol (25,5 il g 5 Kike polie 4 Jguor

iz gcwle sy 595 v @)
Table 4 The mean values and variances strain axis 1 along the surface
of the prosthesis for different thicknesses

Gieshen) 9] ol el okl
0.75 4.76E-05 3.33166E-10
1 1.69E-05 3.35804E-10
1.25 1.62E-05 2.9342E-10
15 3.92E-05 2.39017E-10
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Fig. 8 2™ Axial strain distribution along surface path nods
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Table 5 The mean values and variances strain axis 2 along the surface
of the prosthesis for different thicknesses
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Table 6 The mean values and variances strain axis 3 along the surface
of the prosthesis for different thicknesses
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