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Influence of heat-input on mechanical behavior and phase balance of 2304
duplex stainless steel resistance spot welds
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ARTICLE INFORMATION ABSTRACT

This paper aims at investigating the effect of heat input in resistance spot welding on microstructure
and mechanical behavior of 2304 duplex stainless steel, as a promising candidate for automotive
application. The results showed that due to rapid cooling rate inherent to resistance spot welding, the
ferrite-austenite phase balance is destroyed and nitride-type precipitates are formed within the ferrite
grains. The amount of austenite in the weld nugget was a function of welding current, as the most
important factor affecting welding heat input. Increasing welding current increased the austenite volume
fraction from 4 to 18%. Moreover, the nitride precipitation was reduced upon using higher welding
currents. Investigation of weld mechanical performance during the tensile-shear loading showed that
increasing welding current enhances both load bearing capacity and energy absorption capability. The
maximum achievable peak load and energy absorption of 2304 duplex stainless steel resistance spot
welds were 25 kN and 40 J, indicating a superior weldability.
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! Dual phase steel (DP)

? Martensitic steel (MS)

® Transformation-induced plasticity (TRIP)
* Fusion zone
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Table 1 Chemical composition and mechanical properties of 2304 DSS

Sl oly= Wt %) (olonds oS 5
- ‘ .4 ‘ PRy . l
Job A At e Ni cr N Mn c
%) (MPa)
22 801 47 23.4 0.15 1.6 0.03

&gz el ozl )l 2 Jgu
Table 2 Constant parameters of welding

1965 oLes e e ,
KNy 298U (g5,8 SO O SOy s s s
) )
45 02 0.2 08

® Programmable logic controller
® Squeeze time
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! Heat-affected zone

? Base metal

® Duplex stainless steel (DSS)
* Thermal cycle
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Fig. 1 a- Typical duplex stainless steel resistance spot weld macrostructure, b- Base metal microstructure (Dark and bright phases are Ferrite and
Austenite respectively), c- Different regions of duplex stainless steel resistance spot weld, d- Typical microstructure of fusion zone edge, e- Typical

microstructure of fusion zone center
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Fig. 5 Load-displacement curves of duplex stainless steel resistance
spot weld in different welding current representing mechanical
behavior
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Fig. 4 Effect of welding current on fusion zone microstructure: a- 8 kA,
b- 10 kA, c- 12 kA, d- 14 kA, e- Precipitates in fusion zone of 6.5 kA
welded sample, f- precipitates in fusion zone of 12 kA welded sample
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Fig. 7 Effect of welding current on peak energy of duplex stainless
steel resistance spot weld
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