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Investigation of Shape Accuracy in the Forming of a Thin-walled
S-rail with Classification of Springback Modes
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Abstract

This paper aims to evaluate quantitatively the springback characteristics that evolve in the sheet metal forming of an S-rail
in order to understand the reasons of shape inaccuracy and to find a remedy. The geometrical springback is classified into six
modes: angle change of punch and die shoulders, wall curl, ridge curl, section twist, and axial twist. The measuring method
for each springback mode is suggested and quantitative measurements were made to determine the tendency towards shape
accuracy. Forming experiments were conducted with four types of steel sheets that have different tensile strengths, which
were 340MPa, 440MPa, 590MPa and 780MPa, in order to evaluate the effect of the tensile strength and the bead shape on
the springback behavior. Springback tendencies show that they are greatly affected by the tensile strength of the sheet and
the shape of the tools. Almost all springback modes except the section twist and the axial twist show a linearly increasing
trend as the tensile strength of the sheet increases. The results can be used as basic data for design and for compensation of
the press die geometry when forming high strength steels which exhibit large amounts of springback.
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Fig. 1 Shape and dimension of the S-rail
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Fig. 2 Dimension and shape of the tools used for
forming the S-rail

Fig. 3 Tool setup in the hydraulic press for forming the
S-rail
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(a) rectangular bead (b) circular bead

Fig. 4 Shape of the draw-beads used for forming the S-
rail

Table 1 Dimensions of the used draw-beads

No Bead type W; | W, H; H, R, R,

1 Rectangular | 10 | 12 5 12 | 35| 5

2 Circular 10 | 12 | 10 | 12 5 5

Table 2 Mechanical properties of the steel sheets used
for the forming process of the S-rail

Unit SGARC | SGARC | SGAFC | SPFC
ni 340 440 590DP | 780DP

YS MPa 234 239 442 533
UTS | MPa 353 472 632 816
Ravg - 1.616 0.934 0.697 0.610

E; % 31.4 24.2 17.6 16.0
0.256 0.191 0.166
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Fig. 5 Classification of typical springback modes in the hat type product



480 A - AAS -

(b) location of fixing holes (c) fixed prototype
Fig. 6 Shape of the checking fixture used to measure 3D

shape of the S-rail

Fig. 7 Measurement of the 3-dimensional shape of the S-
rail with 3D optical scanner
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Fig. 8 Measuring sections for the springback amount of

the S-rail
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Fig. 9 Measuring methods with geometric information
for each springback mode of the S-rail
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Fig.11 Quantitative amounts of springback modes with respect to UTS of steel sheets obtained from the experiment
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Fig.12 Quantitative amounts of springback modes with respect to UTS of steel sheets obtained from the experiment

with the rectangular draw-bead
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Fig.13 Quantitative amounts of springback modes with respect to UTS of steel sheets obtained from the experiment
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Fig.14 Variation of springback amounts with respect to UTS of steel sheets for the S-rail without draw-bead
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