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An Effect of Process Parameters on the Generation of Sheet Metal
Curvatures in the Incremental Roll Forming Process

S.J. Yoon and D. Y. Yang

Abstract

In order to make a doubly curved sheet metal effectively, a sheet metal forming process has been developed by adopting the
flexibility of the incremental forming process and the principle of bending deformation which causes slight deformation to
thickness. The developed process is an unconstrained forming process with no holder. For this study, the experimental
equipment is set up with the roll set which consists of two pairs of support rolls and one center roll. In the experiments using
aluminum sheets, it is found that the curvature of the formed sheet metal is determined by controlling the distance between
supporting rolls in pairs and the forming depth of the center roll and it also depends on the thickness of the sheet metal. In
order to check the effect of process parameters on the generation of sheet metal curvatures in this process, the orthogonal
array is adopted. From the experimental results, among the process parameters, the distance between supporting rolls in
pairs along the same direction of one principle radius of curvature as well as the forming depth and the thickness of the
material is shown to influence the generation of curvature in the same direction significantly. That is, the other distance
between supporting rolls in pairs which are not located in the same direction of one principle radius of curvature, does not
have an significant effect on the generation of the curvature in that direction. It just affects the generation of curvature in its
own direction mainly with the forming depth and the thickness of the material.
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Fig. 1 Schematic diagram of the incremental roll
forming process and the roll set
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Fig. 2 Definition of process parameters
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Table 1 Comparison of measured roughness data Fig. 4 Formed workpiece: Exp. No. 1
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Fig. 3 Forming paths at each forming stage
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Fig. 5 Profiles along the x-axis and the y-axis of the

formed workpiece

Table 4 Radii of curvature along the x-axis and the y-axis

Exp. No. R, (mm) R, (mm) R«/Ry
1 254.5 253.3 1.00
2 274.8 275.4 1.00
3 272.0 2714 1.00
4 226.2 291.8 0.78
5 346.8 415.0 0.84
6 431.1 2343 1.84
7 3620 . 498.8 0.73
8 374.0 285.5 1.31
9 715.4 528.1 1.35
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Fig. 6 Effect of process parameter

5.4 B

olx ZEL Ze= FE& VAE AP £
AAH & Ay FAL Adsigich Agd F
dukdel AHAF AHY FAHR Zol #
(flexibility)?] FHE& AU 1, cjEo] 2E4H
Hyo] ohd FF WS RUAHo=ZA FA
A2 oIHE FAPEES dAasAch

olF TEY % BAZ AFZss AYPolA A
29 TN} T 4 BHE 174 (2a,2b), 221
FAZ9) A8 gzo](dz)ﬂ- =5 Agk]oﬂ o= o R D]z]

— 56—



Fo 4 WrYe FASGT olee 34 W
o zag dusA zdgesd wd o3
389 Y402 YYT & 9% ¥ a7
¥ a9l &3 BAL o ¥H WiEol
Aol VAL 9% A4Hoz stobstd
el 9x) gt WA
He 38 440l @ 93¢ VAN gon,
g WET 2 WY BIE 1AW FAF
g gol, 2dn A= A% I8 440
g2 s 33 Wrde ¢ & Ak

N
i3
)
o
ot
k4
m
fle

o 28

Fo

(1) Matsubara, S., 1994, "Incremental backward bulge
forming of a sheet metal with a hemispherical head
t0o,l" Journal of the JSTP, Vol. 35, No. 406, pp. 1311
~1316.

(2) Iseki, H., 1994, "Forming limit of incremental sheet
metal stretch forming using spherical rollers," Journal
of the JSTP, Vol. 35, No. 406, pp. 1336~ 1341.

(3) Kitazawa, K., Tanaka, S. Nakamura, T., 1994, "A
CNC incremental sheet metal forming method for
producing the shell components having sharp
corners," Journal of the JSTP, Vol. 35, No. 406, pp.
1348 ~1353.

(4) Yoon, S. J, Yang, D. Y., 2001, "Investigation into a
new incremental forming process using an adjustable
punch set for the manufacture of a doubly curved
sheet metal," Proc. Instn. Mech. Engrs. Vol. 215, Part
B, pp. 991 ~1004.

(5) Taguchi, G, Konishi, S., 1987, “Orthogonal Arrays
and Linear Graphs,” ASI press

— 57—



