Eg 24.09. — 22.5)295.
MEXE -9

Dr. Marvin Schuleit

Research Fellow

Applied Laser Technologies
Ruhr University Bochum

Dissimilar Laser Welding of NiTi for Actuator Applications

Integration of NiTi shape memory alloys into technical systems requires joining technologies
that preserve their unique functional properties while enabling automated processing.
Traditional welding methods often compromise the martensitic transformation behavior due to
excessive heat input and uncontrolled microstructural changes. This work investigates laser
welding, utilizing a nanosecond laser with a high repetition rate to achieve controlled energy
input. Process optimization involved systematic variation of pulse energy, repetition rate, feed
rate, and scanning strategy across two distinct application scenarios.

In the first study, laser welding of NiTi wires onto printed circuit boards was developed for
microelectronic actuator integration. Shear tensile strengths of 700 MPa with reliable
electrical contact were achieved. While shear tensile testing resulted in weld zone failure due
to intermetallics, thermal cycling fatigue tests (constant load of 300 MPa) showed 80% of
failures in the base material, confirming process suitability for automated actuator
integration.

The second study focused on dissimilar joining of NiTi to aluminum alloys 6082 and 7075,
addressing the challenges of connecting shape memory alloys to lightweight structural
materials commonly used in automotive and aerospace applications. Robust joints with shear
tensile strengths up to 800 MPa were produced, depending on joint configuration (wire-to-
sheet us. sheet-to-sheet). Mechanical fatigue testing under cyclic loading was successfully
performed, demonstrating the robustness of the welded joints.

These results demonstrate the versatility of nhanosecond laser welding as an enabling
technology for NiTi shape memory alloy integration, spanning applications from precision
microsystems and medical devices to smart lightweight structures in demanding industrial
environments.
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