Microstructure Evolution in Hot-Rolled Steel During Multi-Pass Deformation
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Grain refinement during thermomechanical processing controls the strength and toughness of structural steels [1], yet industrial multi-pass schedules retain strain between passes in a way that single-pass Johnson-Mehl-Avrami-Kolmogorov (JMAK) calibrations do not capture [2]. This work quantifies how inter-pass time and temperature govern recrystallization in low-carbon steel. Plane-strain compression specimens were deformed between 900 and 1100 °C following the four-pass schedule of Table 1, then interrupted-quenched for metallography.
Table 1. Four-pass plane-strain compression schedule.
	Pass
	Temperature (°C)
	Strain, ε (–)
	Inter-pass time (s)

	1
	1100
	0.30
	10

	2
	1050
	0.30
	5

	3
	1000
	0.25
	3

	4
	950
	0.25
	–



Figure 1 shows the recrystallized fraction as a function of inter-pass time at two temperatures. Above 1000 °C the kinetics are dominated by inter-pass time rather than peak strain; a JMAK law fitted to single-pass data over-predicts grain refinement in the multi-pass case by up to 18% [2].
[image: ]
Fig. 1. Recrystallized fraction X(t) versus inter-pass time at 1000 °C and 1100 °C.
A retained-strain correction to the JMAK law reconciles laboratory and industrial bar-mill data, improving grain-size prediction across the schedule [3].
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