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Context
The  two  research  teams  have  been  collaborating  since  2014.  The  team  from  Prague  is  more
specialized in metallurgy, microstructure, and thermomechanical properties characterization , while
the IRDL focuses on studying and modeling material behavior and fatigue.

Background and subject
Components  from  Ti-  or  NiTi-based  alloys,  widely  used  in  applications  such  as  biomedical
implants, actuators, and aerospace systems, are highly valued for their functional properties such as
shape memory and superelasticity [1, 2]. These unique properties are, however, critically affected
by the microstructure  properties such as texture, and internal stresses. The latter inevitably arises
from Additive  Manufacturing  (AM)  being  nowadays  used  to  fabricate  customized  or  complex
shaped  components.  The  internal  stresses  and  texture  directly  affect  their  thermomechanical
functional behavior,  including fatigue performance [3].  Since the functional behaviors of Shape
Memory Alloys (SMA) are due to the recoverable deformation processes derived from martensitic
transformation, which are associated with lattice distortion and rotation of crystal lattice, textures in
austenite and martensite phases evolve during thermomechanical loads. Besides recoverable strains,
SMAs undergo plastic deformation. It is due to the combination of recoverable transformation and
irrecoverable plastic strains, that internal stresses are easily introduced into SMAs by mechanical
deformations. The AM processing results in generation microstructure, textures and internal stresses
in fabricated components, which are different from those known in cast alloys. The AM processing
can thus be also used to tailor the microstructure in order to achieve thermomechanical properties
not achievable by standard technological routes. 

The goal  of  the  proposed PhD program is  to  explore  the  design  space  of  AM processing  and
subsequent  themomechanical  processes in order to find their  parameters providing Ti-  or NiTi-
based components  with optimized microstructures,  textures and internal  stresses.   For  instance,
microstructures with textures not achievable by conventional processing methods that inhibit easy
slip  systems  in  austenite  and  martensite  will  be  targeted.  Moreover,  AM  will  focus  on
microstructures with stronger texture index compared to conventional methods in order to amplify
their effects on functional and fatigue behavior.

Secondly, strategies towards intentional texture and phase gradients from surface to the core will be
addressed.  The  aim will  be  to  provide  surface  with  larger  transformation  strains  or  complaint
martensitic phase structure thus relieving surface from excessive stresses and preventing cracks
initiation.

Finally, rapid characterization techniques are essential for efficiently evaluating and optimizing the
fatigue and functional properties of AM-fabricated NiTi components. One promising approach is
the use of self-heating methods, which enable a rapid assessment of fatigue behavior by correlating
the thermal response of the material under cyclic loading with its mechanical degradation [4]. This
technique allows for the accelerated determination of fatigue limits and the identification of fatigue-



prone regions in the material. By leveraging self-heating measurements, the fatigue performance of
different  AM-fabricated  SMA microstructures  and textures  can  be  rapidly  screened,  facilitating
faster feedback loops in the optimization process. The integration of self-heating methods will thus
serve as a complementary tool in achieving the desired functional and fatigue properties in SMA
components fabricated through AM.
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