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Report:

This experiment was designed as part of the research towards understanding the effect of phase
transformation in Ti-6Al-4V on residual stress evolution. The main aim was to obtain a thorough understanding
of the phase transformation in Ti-6Al-4V alloy subjected to rapid heating and cooling phenomena. Initial
simulation and measurements had suggested that the peak cooling rates may be in the range 200-800 °Cs-1.

Heating and cooling rate was designed similar to the Plasma Transferred Arc cladding (PTA) process
which has been recently used as an Additive Manufacturing technology. The manufacturing process involves
a fast heating process; from room temperature up to melting point (=1600 °C) for Ti-6Al-4V alloy followed
by a very fast cooling process as the layer (part) is exposed to ambient temperature right after deposition is
completed. For both heating and cooling processes the thermal conductivity of the Ti-6Al-4V alloy was used
to calculate the heating and cooling time.

The Instron Electro-Thermal Mechanical Testing (ETMT) is capable of achieving heating and cooling
rates of up to 250 °C/s and 100 °C/s respectively. Therefore, it is a viable option to investigate the phase
transformation in metal alloys. As recommended in the test rig manual, “miniature” test specimens were
designed and made out of the metal alloy (Ti-6Al-4V) from the original stock of the material which was used
for the PTA process at WMG, University of Warwick. The same tensile samples were also made by another
additive manufacturing process; Selective Laser Melting (SLM) to look at any possible effect of manufacturing
process on the phase transformation phenomenon.

In order to achieve high temporal-resolution of the data, a relatively large gauge volume of approximately
0.5 x 0.5 mm2 (width x height) was used.



We used a rapid heating to simulate the arc-welding process. The peak was just below melting temperature
of the titanium alloys (melting temperature: Tm ~ 1600 °C), followed by controlled cooling. Initial simulation
and measurements had suggested that the peak cooling rates may be in the range 200-800 °Cs-1, however we
mainly used a heating rate of ~200 °Cs-1 due to the limitation of the ETMT test rig at ESRF. Althoug, some
other cooling rates were also attempted, however the results were not analysed due to the problem we had
already identified in the experimenatl process which was the problem in the load cell.

To give more details on the experiment performed, we first identified/calibrated the temperature agains
the current on the ETMT to have a clear overview of the thermal cycles we used. Then we used a range of
current to achieve the thermal cycles we intended. Starting from 70 A in ~10 sec, we could achive up to
temperature of ~1250 °C and then increased the current up to 80 A again in ~10 sec to achieve a tempertaure
of ~1450 °C. Increasing the current to above 80 A caused the sample to be melted. When we recognised the
thermal history of the heating and cooling processes, we considered three cycles to simulate the heating/cooling
processes as it occurs in the PTA process. In fact, dueing PTA deposition, one layer is deposited and being
cooled down (timimg depends on the process parameter definition and a range of different cooling time has
been investigated), and then the next layer is deposited. According to the dilution concept, the previous layer
is heated again and re-melted to some extent. Therefore, the ETMT was set to do at least three cycles of heating
and cooling for each of the current ranges we defined for the process as described in Figure 1 for 70 A current.
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Figure 1 — Three heating/cooling cycles according to the current

The experiment investigated the phase change induced stresses to be detected in a load-controlled
situation while the samples undergo thermo-mechanical processing regime. However, the displacement of the
ETMT was irregular under load-controlled condition. The experiments were thus performed under a fixed-
position. Position-controlled experiment could provide phase change details, however it did not allow the phase
change induced to be detected. We therefore request to repeat the experiment, however the ETMT requires a
service before next experiment.



