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Abstract
Sidewall curl is the curvature that results from non-uniform through-thickness strain present in the sheet stamping

process which involves material flow over a die radius. In order to understand and contro! curl for tight fit-up tolerances,

an analytical model that can provide a reliable measure for the amount of curl would be very helpful. In this study, a

model is developed based on the moment-curvature relationship during bending-under-tension operations. For the

verification of analytical model, sidewall curl is experimentally measured after deformation of a strip using a bending-
under-tension test system. The results show a consistent relationship between the theoretically predicted value and the

experimentally obtained one, especially in regions of high curl.
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Table 1 Longitudinal tensile properties for the examined

materials
material Thickness Y.S. T.S. . K
(mm) (MPa) [(MPa) (MPa)
DP600A 1.04 365 596 | 0.128 776
DP600B 0.99 340 616 | 0.129 812
DP600C 1.42 360 621 | 0.122 808
DP600D 1.07 365 666 | 0.129 881
DP600E 1.19 355 704 | 0.142 944
590RH 1.56 395 619 [ 0.112 800
590RI 1.18 385 628 | 0.109 795
590RJ 1.37 400 657 | 0.118 854
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Fig. 1 Schematic drawing of the bending-under-
tension testing apparatus
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Fig. 2 Schematic of the bending-under-tension test
geometry for a bend angle of (a) 90°, and a
bend angle of (b) 45°
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Fig. 3 The height(h) and chord length(C) used to
calculate the radius (R) of a circle from a
given arc.

Table 2 Average curl radii for the duplicate test

samples
Thickness Low BT-curl | High BT-curl rad.
Material rad. (mm) (mm)
{mm}
45° 90° 45° 90°
DP600A 1.04 172 165 532 1199
DP600B 0.99 159 145 487 1330
DP600C 1.42 218 194 666 3085
DP600D 1.07 150 144 323 619
DP600E 1.19 166 137 269 313
590RH 1.56 231 245 1286 | Infinite
590R1 1.18 180 182 521 1793
590R] 1.37 190 190 530 1101
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Table 3 Applied stress obtained from variation of
back tension and bend angle

BT Bend G, (MPa) fo?a . Basic equation
angle for ,

(MPa)
LT 45° 200-210 205 e, =0,/E,
LT [ 90° 240-270 255 E=207 GPa
HT 45° 480-510 495

g, =(c,/K)"

HT 90° 520-580 550

Table 4 The curl radii(R.) obtained from analytical

model
Th ick
Material LT, 45° | LT,90° | HT,45° | HT, 90°
ness(mm)
DP600A 1.04 15591 157.64 547.77 | 2241.36
DP600B 0.99 14390 145.61 375.16 | 1489.72
DP600C 1.42 189.52 191.08 327.13 816.43
DP600D 1.07 141.43 142.97 220.74 446.66
DPG60OE 1.19 150.65 152.13 216.80 363.05
S90RH 1.56 200.64 202.12 290.07 631.61
S90RI 1.18 157.57 159.13 246.39 633.41
590RJ 137 171.85 173.30 228.99 402.84
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Fig. 4 The comparison of predicted and measured

curl radii
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