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Abstract

The main goal of this paper is verification of accuracy of ESPI strain sensor Dantec dynamics
Q-100. ESPI is the digital holographic interferometry method for measuring small displacements and
deformations. There is necessary to consider the isotropic material properties for stress calculations
using the ESPI systems. All stress measurements were performed on simple shape specimens
subjected to tension and bending. The experimental results obtained on the tensile testing machine
Testometric will be compared with results from Finite element calculation.

Abstrakt

Hlavnim cilem ¢lanku je ovéfeni pfesnosti méfici metody ESPI pomoci snimace Q-100 od
firmy Dantec dynamics. ESPI je digitalni holografické interferometrickd metoda pro méfeni malych
posunuti a deformaci. Napéti jsou nasledné vyhodnocena s uvazenim izotropnich vlastnosti materialu.
Vsechna méfeni byla provedena na jednoduchych vzorcich namahanych tahem a ohybem. VVzorky
byly testovany na zkuSebnim stroji Testometric, dosazené experimentalni vysledky budou porovnany
s numerickymi vysledky, ziskanymi metodou kone¢nych prvkd.
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1 INTRODUCTION

Electronic speckle pattern interferometry is a full-field measuring technique which calculates
the small displacements by means of a fringe pattern. The surface to be measured is illuminated by
laser light from four different directions and the reflected light is recorded by a high resolution CCD-
camera [1]. The deformations are recorded when any loads are applied. It is preferable to apply the
load in steps and store the measured data at each load step [2]. Using the interference effects of the
laser light, the surface displacement is measured with micro meter accuracy. Using digital analysis
and correlation methods, the specimen displacements and deformations are calculated automatically
from the changes in the pattern on the specimen surface. With known material properties (Young’s
modulus, Poisson ratio) the stress distribution can also be determined in the measured area. This
paper shows some interesting results of 2D stress measurement by ESPI method using the
commercial ESPI sensor Dantec dynamics Q-100 and compares them with results of performed finite
element analyses.
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2 TENSILE SPECIMEN

The electronic speckle pattern interferometer was used to
investigate the tensile stress field of a steel plate in the presence of stress
concentrations caused by a geometrical defect consisting of circular hole.
The tests were realized on the universal testing machine Testometric
M500-50CT (50 kN). Maximum test load ranges from 500 N to 6000 N.
The experimental values of stresses can be employed for a comparison of
the real behaviour of the specimen with the calculations obtained by finite
elements. Numerical analysis (finite element analysis, FEA) has been
carried out using software Ansys. The dimensions, coordinate axes and
mesh are shown in Fig. 2. The material properties of the specimen made
of steel are as follows:

Young’s modulus E = 2,16-10° MPa

Poisson’s ratio p=20,3 Fig. 1 Tensile specimen

Fig. 2 Geometry of the specimen and mesh Fig. 3 Speckles

As first results, there are shown contours of first principal stress and displacement in y-
direction in the region around the hole at the Fig. 4-5 and Fig. 7-8 respectively. The software
ISTRAMS makes possible also determination of any stress component along a line. The principal
stress distribution along x-axis (Fig. 2) is compared with FEA at the Fig. 6.
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Fig. 4 Principal stress (ESPI) [MPa] Fig. 5 Principal stress (FEA) [MPa]
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Fig. 6 Comparison of principal stress distribution obtained from FEA and ESPI
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Fig. 7 Displacement in y-direction (ESPI) [um] Fig. 8 Displacement in y-direction (FEA) [um]

It is clear from the Fig. 7 and Fig. 8, that measured displacements contours in y-direction are
very similar to the ones obtained from FEA. Very good repeatability of the measurement has been
observed even for different load step values: 500 N, 1000 N and 2000 N.

3 BENDING SPECIMEN

As next case, ESPI technique is presented to
measure 4-point bending of steel plate. Two forces of
the same magnitude 2550 N and direction were
applied on the top of the specimen. Supports in the y-
direction are at the two ends of the specimen. The
cross section of the specimen is a rectangle. The
dimensions and coordinate axes are shown in Fig. 9.
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Fig. 9 Geometry of the specimen Fig. 10 Bending specimen
Numerical analysis has been carried out again using software Ansys. These elastic constants

were considered for the beam specimen in the analysis: Young's modulus E = 2,1-10° MPa and
Poisson’s ratio p = 0,3.
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There are shown contours of principal stress and displacement in x-direction in the Fig. 11 and
Fig. 12-13 to present results of the second experiment. Qualitative and quantitative agreement of the
both approaches is obvious. The principal directions in the Fig. 11 from measurement also show the
placement of neutral axis.
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Fig. 11 Contours of principal stress (ESPI) [MPa]
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Fig. 12 Displacement in x-direction (ESPI) [um] Fig. 13 Displacement in x-direction (FEA) [um]

4 CONCLUSIONS

This study has been focused on the verification of the stress and displacement contours
measurement using ESPI. The holographic method has main advantages in contactless full field
measurement with similar accuracy as strain gauges. Two test cases have been solved experimentally
and by means of finite element method. All measurement and computations have been performed in
elastic domain only. Realized tensile and bending experiments show good agreement with the
numerical values. From the finite element analysis, it was possible to plot the normal stress contours
that are very similar to the ones obtained by measurement. The method was also successfully applied
to strain/stress contour measurements of a composite material [3].
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