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Forming Method to Manufacture a Doubly Curved General Quadrilateral Sheet Metal
Using the Incremental Roll Forming Process

S. 1. Yoon'(Mechanical Eng. Dept., KAIST), D. Y. Yang(Mechanical Eng. Dept., KAIST)

ABSTRACT

Je . L
In order to manufacture a doubly curved sheet metal effectively, a flexiblé incremental roll forming process has been

developed by adopting the advantages of the incremental forming process and the roll forming process by combining inherent

flexibility of the incremental forming process and continuous deformation of the roll forming process. The forming method

has been further enhanced to form general quadrilateral blanks (including a square, a rectangle, a symmetrical trapezoid and

an asymmetrical trapezoid, etc.) into doubly curved shapes by controlling the forming paths developed by various

experiments.
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Fig. 1 Schematic diagram of the incremental roll forming
process and the roll set

Gripper system
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Fig. 2 Modified Incremental Roll Forming Process

Table 1 Fixed values of the experimental setup

Roll set Process parameters
R, 50 mm 2a,, 2b 40 mm
R, 7.8 mm d, 1.2 mm

{Forming depth)
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Fig. 4 Various quadrilateral blanks

Table 2 Definition of various quadrilateral sheet blanks

L,
Ly (mm) Y o (rad) B (rad)
Ly L, | (mm)
Typel | 120 | 120 | 100 | p2 P2

Type2 | 100 | 120 | 100 | tan’'(10) | tan”'(10)
Type3 | 80 | 120 | 100 | tan'(3) | tan™(5)
Typed | 90 | 120 | 100 | tan’'(5) | tan’'(10)
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(c) Type 3 (d) Type 4
Fig. 6 Experimental results formed according to the 1EC
forming paths
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(b) Type 4: IEC forming paths
Fig. 7 Measured profiles of the workpicces along the x-
axis, the upper edge and the lower edge

Table 3 Radii of curvature of the workpiece formed
according to the IEC forming paths

R, R, Re | Ru | Ry [ Ry
(mm) | (mm) | (mm) | R | R | R
Type 1| 182.3 | 244.1 | 1824 [ 1.00 | 1.00 | 1.00
Type2| 173.4 | 2612 | 176.1 | 095 | 1.07 | 0.97
Type 3| 158.8 | 259.1 | 171.1 | 0.87 | 1.06 | 0.94
Type 4| 173.6 | 266.9 | 183.8 | 0.95 | 1.09 | 1.01
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(b) Forming paths at the (n+1)"‘ forming stage
Fig. 8 Regular checkerboard-patterned forming paths
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{b) Type 4: RCP forming paths

Fig. 9 Comparison of the distributions of the curvature
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