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Abstract

This research looks at how microstructure and mechanical properties change in resistance spot
welds of QP980 advanced high-strength steel. It specifically focuses on the effects of zinc coating
and how it influences weld nugget formation, mechanical properties, and fracture behavior. The
study involved microscopic examinations, mechanical tests, and finite element simulations to
determine the thermal history of different weld zones. A key finding was that rapid cooling during
the welding process led to the formation of, metastable phases, such as martensite, in both the
weld nugget and the heat-affected zone. A finite element model of the welding process was used
to simulate heat distribution and analyze the microstructure in various weld regions. This model
showed that reaching the peak temperature during four-pulse resistance spot welding is delayed.
This delay, along with proper hold times, helps prevent the formation of voids. The smulated
thermal history and the rapid heating/cooling conditions effectively predicted the evolution and
transformation of the microstructure in different weld areas. It was found that the presence of a
zinc coating, and the resulting reduction in electrical contact resistance, delayed the formation of
the weld nugget at lower welding currents. However, at higher currents, the primary source of
heat generation shifted from contact resistance to bulk resistance within the steel sheet. This led to
larger weld nuggets in coated samples compared to uncoated ones. While uncoated samples
showed higher weld nugget hardness (512 Vickers) and greater tensile-shear strength (with a
maximum load-bearing capacity of 28.1 kN in uncoated samples versus 24 kN in coated samples),
coated samples were able to achieve the critical weld nugget size for a change in fracture mode at
lower welding currents (9 kA compared to 9.5 kA).

K eywor ds. Resistance spot welding, QP980 stedl, Microstructure-mechanical properties relationship, Zinc coating
effect, Multi-pul se welding.
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