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Abstract

Press machines and dies are commonly used for 3D curved sheet forming. Using conventional die forming can cause
economic problems since various modifications of the die shape are required depending on the product shape. Various types
of flexible forming such as multi-point dieless forming (MDF), flexible incremental roll forming have been developed to
improve the needed process flexibility. Although MDF can reduce the production cost using reconfigurable dies, it still has
significant material loss. Drawbacks such as wrinkling, dimpling, and forming errors can also occur despite continuous
investigations to mitigate these defects. A novel sheet forming process for 3D curved surfaces, a flexibly-reconfigurable roll
forming (FRRF), has been recently proposed to overcome the economic and technical limitations of current practice. FRRF
has no limitation on blank size in the longitudinal direction, and also minimizes or eliminates forming defects such as
wrinkling and dimpling. Feasibility studies of FRRF have been conducted using FE simulations for multi-curved shapes and
various sheet thicknesses. Therefore, the fabrication of a FRRF apparatus is required for any follow-up studies. In the
current study, experiments with reconfigurable rollers were conducted using a simple design pre-FRRF apparatus prior to
fabricating the full size FRRF apparatus. There are three candidates for the reconfigurable roller: a bar-type shaft, a flexible
shaft, a ground flexible shaft. Among these candidates, the suitable reconfigurable roller for FRRF is determined through
various forming tests.
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Fig. 1 Schematic diagram of FRRF apparatus
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Fig. 2 3D curved sheet forming using FRRF process
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Fig. 3 Geometrical modeling for FRRF using é]uadratic
curves
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Fig. 6 Results of FE simulations using FRRF process
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Fig. 7 Schematic diagram of pre-FRRF apparatus #=10 mm

(c) Bar-type roller
Fig. 9 Candidates of reconfigurable roller
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Table 2 Material used in experiments

Properties (Al 1050) Value
Elastic modulus (GPa) 69
Yield strength (MPa) 125
Ultimate strength (MPa) 135
Poisson’s ratio, v 0.33
Density (kg/mm?®) 2.71x10°
_ . | Strength coefficient, K (MPa) 141.38
=K Work-hardening exponent, n 0.013
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(a) Result from flexible roller

(b) Result from grinded-flexible roller

(c) Result from bar-type roller
Fig.11 Results of experiment using three candidates of
reconfigurable roller
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