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Control of Warping and Head-Down during Asymmetric Rolling of Titanium-Steel
Clad Medium-Thick Plate
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Abstract: The severe warping and head-down and guard plate collision accident during the first rolling of a
TA2/Q235B titanium-steel explosive clad medium-thick plate on a 3500 mm plate mill was analyzed, and the
deformation behavior during asymmetric rolling of dissimilar metals was systematically investigated. The significant
differences in deformation resistance (90 MPa vs. 200 MPa) and friction coefficient (0.14 vs. 0.4) between the upper layer
TA2 pure titanium and the lower layer Q235B steel are the fundamental causes of warping and head-down; the heating
temperature limited by interfacial compounds, poor furnace temperature uniformity, the rolling model originally
designed for symmetric clad plates, work rolls near the minimum roll diameter, and a higher rolling line collectively
further aggravated the warping and head-down. By redesigning a dedicated rolling model, optimizing furnace
temperature uniformity, adjusting the rolling line and guard plate height, adopting a low-speed and small-reduction
schedule, and implementing roll speed difference control, a standardized rolling process was established.
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Fig.1 Schematic diagrams of deformation (a) and metal flow
velocity (b) in the deformation zone of bimetallic clad

plates during rolling
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Fig.2 Photos of collision accident site (a) and slab

after the accident (b)
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Table 1 Heating parameters of Ti-steel clad plate

Slab thickness Charging First stage Holding time Heating rate Second stage Holding time
/mm temperature/°C temperature/°C /min /(°C-h™) temperature/°C /min
56 <840 840 + 10 5-30 60 870+ 10 75+15
91 870 870 120 — — —
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Table 2 Rolling parameters of Ti-steel clad plate

Longitudinal Transverse
rolling rolling
Rolling speed/(m-s™") 1.2-1.5 1.0-1.2
Pass reduction/mm 12-15 8-10
Total rolling passes <8 <4
Mini-rolling temperature/°C =750 =780

Roll speed difference —10%, +5% —15%, +0%

Acting length/mm 600-1000 300-700
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