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Abstract

In response to the problem of residual straight edges existing in the rolling process of symmetrical
three-roll plate bending machines, as well as the resulting problems such as material waste, insuf-
ficient structural strength, and assembly obstacles, this paper proposes a pre-bending suppression
method based on force compensation control. First, based on the elastoplastic bending theory and
the principle of elastic recovery upon unloading, the plane stress and plane strain states are distin-
guished, and the mechanical model parameters are corrected. A rebound prediction model integrat-
ing the parameters of the sheet material, equipment, and processing is constructed. Second, a force-
position hybrid compensation strategy of “parameter initialization, compensation quantity optimi-
zation, closed-loop control” is designed. By dynamically adjusting the pre-bending force and displace-
ment parameters, the rebound error is compensated. A laser triangulation-based real-time curvature
detection scheme is designed for closed-loop control, clarifying the hardware layout and measure-
ment accuracy characteristics. Finally, simulation and physical prototype experiments have veri-
fied that this method can reduce the rebound amount by more than 98.8%, and the diameter devi-
ation of the cylinder section can be controlled within a very small range, which is significantly su-
perior to traditional methods. This method does not require the replacement of special equipment,
is compatible with the existing production conditions of small and medium-sized enterprises, takes
into account both processing accuracy and cost control, provides reliable technical support for the
high-precision rolling of medium-thick plates in fields such as mechanical manufacturing and ship
engineering, and has important engineering application value.
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Figure 1. Geometric model diagram of pre-bending of sheet material
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Figure 2. Structure diagram of triple-roll bending machine
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Figure 3. Center-of-mass state planning diagram
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