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DISPLACEMENT AND STRAIN FIELDS ASSESSMENT OF PDMS USING DIGITAL IMAGE CORRELATION

Mendoncal, B., Ribeiro?, J., Lopes?, H., Martins2, P., Vaz3, M., Gomes3, J.
1ESTIG — Polytechnic Institute of Bragang¢a; 2IDMEC —University of Porto SDEMEGI — University of Porto

@& mneq

1- INTRODUCTION

The polydimethylsiloxane (PDMS) is an elastomer with very attractive properties for various
applications in different fields, like biomedical engineering (Yabuta, 2003) and electronics
(Andersson, 2003). In last years, they have been used in the development of micro and nanodevices
(Mata, 2005), optical MEMs (Schneider, 2009), among others. These news applications demand a
better understanding of PDMS mechanical behavior, which only could be achieved using new
experimental and numerical approaches. In this work is used the Digital Image Correlation (DIC)
optical technique to measure the displacement and strain fields of a specimen during a bi-axial
tensile test. The numerical simulations have been done with Finite Elements Method and their
results are compared with the experimental measurements.

2- EXPERIMENTAL TEST USING DIGITAL IMAGE CORRELATION

1375, |

For this work was developed an experimental
assembly to perform the biaxial tensile tests. 8
The preparation of samples involved two stages: in

the first stage the material was cut using a mold |
cutting (Fig. 1), for the second stage was created a !
random pattern on the surface of the material, using a

spray of black ink.

23

Figure 1 - Dimensions of samples tested.

Once created the random pattern, the sample was placed in
biaxial tensile machine with properly grips which prevent
slippage of the material (Fig. 2).

In this study was used a commercial system DIC, the Gom
Aramis, which consists of two CCD cameras with resolution
1624 x 1236 pixels, a computer with specific software for digital
image correlation and connection cables between these two
elements. The Aramis system allows control of the rate of
acquisition of CCD cameras, measuring in-plane and out-of-
plane displacements and strain fields using two CCD cameras.

In the presented work a single CCD camera was applied to
measure in-plane displacement and strain fields. The acquisition
rate was one image per second. The images were acquired
during the tensile test, having been sent to the PC, which
processed them according to the DIC algorithms.

Figure 2 - Mounting optics for the
tensile test, using the CDI to measure
the displacement field.

3- NUMERICAL SIMULATIO

The numerical simulation was implemented by finite element method (FEM) using the commercial
engineering simulation software ANSYS ®.

To implement the numerical simulation were created models with geometry and dimensions identical
to the sample used experimentally and was generated the mesh, imposing the same loading charge
then the biaxial tensile test. It was considered a non-linear hyper elastic behavior and were used the
numerical models of Mooney-Rivlin.

To determine the material constants was used the experimental curve of the tensile test. A mesh of
isoparametric elements with 4 nodes was generated (PLANE182). The mesh used in numerical
simulations is represented in Fig. 3.

Figure 3 - Finite element mesh used..

4- RESULTS

The load curves of the bi-axial tensile test and the analysed region of the sample are shown in Fig.

\

Axis 1

/ - Axis2

Displacement (mm)

®

Figure 4 - Bi-axial tensile test results. (A) and the analyzed region (B)

In the Fig. 5 are shown the displacement and strain fields for a load case of 7 N applied in the
vertical direction, with a crosshead speed of 5mm/min.

) (B)

Figure 5 - The experimental results for vertical direction, obtained using DIC: (A) displacement
field; (B) strain field.

The correspondent numerical simulations using Mooney-Rivlin model is presented in Fig. 6.

®)
Figure 6 - The numerical results for vertical direction, obtained using FEM: (A) displacement field;
(B) strain field.

In the Fig. 7 is presented a comparative analysis of the displacement profile for the vertical direction
between the experimental measurements and the numerical simulation.

This reveal a similar trend of the material behavior, i.e. there is an approximately linear increase of
the displacements.

Displacement mm]

Distance [mm]

DIC = o FEM

Figure 7 - Variation of displacement in the Y direction, measured experimentally with the DIC and determined
numerically with FEM.

The results show a small difference in the displacement values between the experimental and
numerical simulation, being the average relative error 8.3%.

5- CONCLUSIONS

The optical technique of Digital Image Correlation proved well adapted for displacement and strain
fields measurement of hyper-elastic materials. The results show that this technique correlates well in
the displacements when high spatial resolution is used, allowing extracting the information for large
deformation amplitudes. This technique is highly dependent on the quality of the random pattern. In
this work, it was necessary to test different types of patterns and, it was found that, the use of black
ink spray lead to acceptable results. However, further tests are needed in order to improve the
quality of the results.
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