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ABSTRACT

The springback characteristics of some sheet metals such as commercially pure aluminium, mild
steel and stainless steel in a forming process are investigated experimentally. Three geometrical
parameters for evaluating springback in the plane-strain draw-bending, which was a benchrark

model of NUMISHEET ‘93 conference,

are defined.

The measurement of the springback

parameters is carried out accurately and easily by using an image analysis system developed in
this study. The effects of the blank holding pressure and tensile strength of the material on the

springback are also examined.
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Fig. 1 Geometry description of 2D draw-bending problem

[Spring Back]
@1: Angle batween O-X and A-B
#:: Angle between A-B and E-F

[Curvature]
p  Defined by the radius of a circle through A, Band C

[Point]

: 15 mm from O-X

: 35 mm from point A

: Middle point of the straight line A-B
. End of Die's curve

: 10 mm from D

. 40 mm from E
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Fig. 2 Geometric parameters defining springback
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Fig. 5 Dimension of a tensile test specimen

Fig. 6 Blanking die set for tensile specimens
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Fig. 7 Stress-strain curves of the materials used
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Table 1 Measured value of the lower angle &,
(BHF = 2,000 kgf)

Aluminum Mild Stesl Stainless Steel
20 35 50 20 35 50 20 a5 50
FL 9605 9913 99.41 11042 1075 1108
FR 9590 97.72 9927 | 1043 1076 109.9
# | BL 9539 97.78 9952|1036 1068 1109

103.9

1068 1123
. nto

1063 113.0

FR 9516 9826 9964|1052 1066 1121
# |\ 9519 9691 9985|1051 1061 1113

BR 9490 9760 1001|1052 1067 111.8

1068 111.6

Table 2 Measured value of the upper angle &
(BHF = 2,000 kgf)

Aluminum Mild Steel Stainless Steel
20 35 50 20 35 50 20 35 50
FL 8616 84.00 8253 |77.14 7430 T76.11
FR 8734 8472 B327|76.52 7483 7326
# BL 8621 8350 8311|7747 7373 7590

8382 | 7664 7378 7512

FL 86.50 8375 B3.24|76.84 7520 7355

FR 8764 8500 8402|7604 7613 7431
7 | e 86.00 6204 8328|7732 75685 7145

BR B7.17 B360 84.31 7578 74.58

Avo. . s '
Avg. 86.68 §2.93 8345|7658

Table 3 Measured value of the radius of curvature e
(BHF = 2,000 kgf)

Aluminum Miid Steel Stainless Steel
20 35 50 20 a5 50 20 a5 50
FL 3712 2488 2098|1513 974 978
FR 4437 3050 2576|1233 1198 929
" | gL 3952 2545 2430|151.2 1148 100.6

BR 3962 3117 2349|1244 1056 97.6

Avg: _ 1375 1094,

FL 3668 2306 1822|1402 1042 631

FR 5703 3939 204.1|1246 1168 958
#2 | gL 4699 2992 2250|1460 1143 853

BR 5305 2604 2405|1185 1092 994

v | D | 844 200 208011323 1M 934
Avg. 4420 2891 237.1 1349 1103 953
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Table 4 Measured value of the lower angle 6,
(BHF = 250 kgf)

Alurninum Mild Steel Stainless Steel
20 35 50 20 35 50 20 35 50
LF 9452 9882|9884 9948 1017|1086 1135 1100
FR 9404 84.90 | 98.54 9822 1013|1086 1125 1087
# | BL 9219 97.47 | 98.51 9857 101.2|107.8 1129 1089

9320 84.00 (9846 98.42 1017|1080 1128 109.4

FL 94.86 99.20 | 97.59 100.4 | 107.7 1104 109.4

FR 9386 97.44 | 97.62 99,69 | 107.5 1101 108.2

# | gL 9240 97.76 | 97.22 99.89 | 107.4 110.0 1095

BR 93.08 97.01,97.78 100.7 | 107.5 1104 1099

100.9 [ 107.9 1111 1093

Table 5 Measured value of the upper angle 6z
(BHF =250 kgf)

Aluminum Mild Steel Stainless Steel
20 35 50 20 35 50 20 35 50
FL. 80.28 97.03 | 8457 B83.36 81.11 | 7360 7458 7542
FR 9219 8766 | B3.89 8294 81207580 7544 7522
LTS B860 97.05 | 8453 8315 8130|7350 7518 7508
BR 9080 BG83 | 8361 8287 8154|7511 7504 7564
| " 8047 924 8415 8308 8129 7450 7506 7834
FL 9081 8617 | 83.92 8274|7508 7237 7508
FR 9219 8973 | 8605 B0.95 | 7634 73.07 7593
#2 | BL 8903 8509|8373 8313|7497 7244 7543
BR 90.81 89.11 | 86.20 8184|7624 73068 76954
' 83| Be 7| 7568 7274 7508
89.84 | 84.57 83.08 81.73| 7508 77.80 75.60

Table 6 Measured value of the radius of curvature e
(BHF = 250 kgf)

Aluminum Mild Steal Stainleas Steel
20 35 50 20 35 50 20 5 50
FL 2655 569.3 | 273.3 2681 179.0|1092 896 1153
FR 16012 973.8|319.0 307.5 235.0)1097 107.2 986
#| gL 8863 5634 2699 3195 2366|1002 1079 992
BR 4170 11462862 2699 2411|1109 841 1167
| A [Ti2s 132
FL 1842 46382422 289.9]1099 921 1038
FR 18270 1252|3176 2162 [ 1180 1018 1165
#2 | gL 1861 4269 | 2403 20191118 940 1058
1009 11756 928

1120

238.3 97.5
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