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Abstract: Reducing thermal stress and preventing cracking of fabricated parts have been key issues in 

wire and arc additive manufacturing (WAAM). It is believed that complex thermal behavior in WAAM 

is a significant cause for thermal stress and cracking of components. Substrate preheating is an efficient 

approach to treat these issues. A 3D transient heat transfer model of a circular ten-layer single-pass part 

was built to investigate the thermal behavior in gas metal arc welding (GMAW) based additive 

manufacturing. Meanwhile, the validation experiment was carried out to check the effectiveness of the 

finite element model through thermal cycle tests. The simulated thermal cycle curves matched the 

experimental results well. The effect of substrate preheating on thermal behavior was studied by the 

verified model. The modeling results show that substrate preheating can make the thermal cycles much 

smoother and decrease the cooling rate of the molten pool. The maximum temperature gradient in the 

molten pool decreases with the increasing substrate preheating temperature. At the deposition ending 
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