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Abstract

In multi-pass welding, the heat-affected zone formed in each pass is re-heated by the next pass.
This problem locally changes the microstructure of heat-affected zones, based on the position of
each area relative to the melting line of the next pass, and the overlapping of heat-affected zones
leads to complex microstructures. In this research, based on the practical conditions of pipe
production in the factory, including submerged arc welding with four electrodes in two passes
from the inside and outside of the pipe, the thermal cycles of the heat-affected zone were first
analyzed. Then, the smulation of therma cycles of heating and cooling up to the peak
temperatures of 950, 1150 and 1350°C was performed in a dilatometer and the transformation
behavior and microscopic structure were studied. The primary austenite grain size reaches
35 microns in the first thermal cycle and 70 microns in the second thermal cycle. Simultaneous
modeling of precipitates dissolution and austenite grain growth showed that grain growth reaches
a limit in 300 seconds. The main cause of grain growth at temperatures lower and higher than
1150 °C, respectively, is the dissolution of fine and coarse precipitates of niobium carbonitride.
This model has the ahility to predict precipitates dissolution and grain growth based on the
thermal cycle. Also, the modeling of austenite formation and decomposition was done using the
classc IMAK eguation. It was observed that the parameter n (with an average value of 2) does
not have much dependence on temperature; while parameter k strongly depends on temperature,
transformation amount and austenite grain size. The value of k in the cooling of the second cycle
varies between 0.02 and 0.067.
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