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Abstract — Mechanical tests were developed to characterize metallic materials at high temperature.
Specimens used in these tests can have 3D complex geometry. During the tests, measuring both
thermal and kinematic fields is important. Thermal measurement is well control for plane shape
samples with a relatively homogenous surface state, but not when the part is convex or concave.
Kinematic measurement is well controlled at room temperature but not at high temperature. The aim
of this study is to develop a device to measure both temperature and shape during mechanical testing
with a 3D complex geometry sample at high temperature.
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Context

Materials used in automotive and/or aeronautic industries undergo complex mechanical stresses in
service. To test these materials in service, simplify mechanical tests can be realized: tensile tests,
flexion tests, ... These tests can be realized at high temperature to test materials at temperature needed
to manufacture the pieces. The strongly coupled thermo-mechanical character implies an
instrumentation of these mechanical tests in both thermal and kinematic fields. Some studies realized
this coupling but not in theses testing conditions [1-2].

Thermal measurement is well controlled for plane shape samples with a relatively homogenous
surface state. When the part is convex or concave, the risk of artefact cannot be ignored [3-4]. The
kinematic measurement is well controlled at room temperature, but has high measurement errors when
the temperature is higher than 50°C. Technical problems (realization of the speckles, visible
measurement area, ...) and thermal effects (mirage effect, decreasing image contrast, ...) may appears
during the measurement [5-7].

Aims

The principal aim of this study is to measure both temperature and shape during mechanical testing
with a 3D complex geometry sample at high temperature. For this, the study is divided in three parts:
highlighting artefact in thermal measurement for 3D complex geometry, highlighting measurement
errors in high temperature shape measurement and using kinematic measurement to correct artefacts
created by 3D complex geometry thermal measurement. The third part is still in progress and will not
be presented here. Thermal measurement will be realized by infrared thermography. Digital Image
Correlation (DIC) will measure shape.

Temperature full field measurement

The studied specimen is a stainless steel T-square, represented in figure
1, heating by seven cartridge heaters.

Temperature field was measured in different conditions in this specimen.
Three spectral ranges (0.9 yumto 1.7 ym,3 ymto S ym and 8 ym to 12 ym),
four temperatures (100°C, 200°C, 300°C and 400°C), two surface finishes
(polished or black painting surface) and five viewing angles were testing.

Figure 1: Stainless
steel T-square These different experiments reveal a lot of artefacts. For example,
measurement in front of the internal surfaces of the T-square shows



reflections in the three spectral ranges (figure 2).

Figure 2: Infrared thermography in front of the internal surfaces of the T-square black painted at 300°C for
the three spectral ranges: 0.9 um to 1.7 um (left picture), 3 pm to 5 um (central picture) and 8 pm to 12 pm
(right picture)

Kinematic full field measurement

The same studied specimen was used. Shape was measured for four temperatures (100°C, 200°C,
300°C) during Smin with 1Hz frequency using stereo-DIC. Convective flow was estimated in all the
measurements by putting a plate on the back of the specimen. T-square surfaces were painted with
black and white paints to obtain speckle pattern. Four mean planes were defining for the four surfaces
of the T-square by using least squares method. Mean planes were compared to the real geometry of the
T-square.

Difference between the four mean planes and the real four surfaces of the T-square are negligible at
100°C. Difference at 200°C is 1.5um between the internal measured mean planes and the real internal
surfaces and 3um between the internal measured mean planes and the real internal surfaces of the T-
square. Difference increases with the temperature.

Discussion and Conclusion

Different experiments were used to highlight the effect of 3D complex geometry for temperature
measurement by infrared thermography and the effect of high temperature for shape measurement by
stereo-DIC. Shape can be used to correct some artefacts on temperature measurement by infrared
thermography. Some algorithms are now developed to correct shape measurement by stereo-DIC. This
study, in long term, will allow to use infrared thermography coupling with stereo-DIC during complex
mechanical tests in high temperature.
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