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Abstract
A major source of difficulty in die design for high strength steel is the high level of elastic recovery during unloading. The

degree of elastic recovery is affected by factors such as material strength, bending angle, punch’s corner radius and sheet

thickness. Finite Element Method was used in the present work to quantitatively analyze the elastic recovery for various

combinations of these parameters. In some cases elastic recovery happened in reverse direction. This phenomenon, which we

call spring-go, was explained via changes in stress distribution in the panel occurring in the forming process.
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(a) spring-back : 0,<0,

Workpiece
After removing
thepunch and die

Waorkpiece: Before
removing the punch
anddie

(b)Spring-go : 0,> 0,
Fig. 1 Illustration of spring-back and spring-go
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Fig. 2 Die setup and bending parameters

Table 1 FEM simulation conditions
Plane Strain

Simulation model

Object type Sheet: Elasto plastic
Die : Rigid

Material SPFC590 : & =787.02g%'
SPFC780: & =969.008"'
SPFC980: & =1170"""

SPFC1180: & =1415g"""
Punch tip radius(R,) | 4.5 mm, 5.5 mm, 7 mm
Bending angle(0) 60°, 90°, 120°

Thickness of sheet(t) | Imm, 1.2mm,1.4mm

Length of sheet 13 mm 1/2 model)
Die length (L) 50mm, 100mm
Young’s modulus 200GPa

Poisson’s ratio 0.3
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Fig. 3 Comparison of the amount of spring-back/
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Fig. 4 Comparison of the amount of spring-back/
spring-go with respect to the curvature and
materials
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Fig. 5 Comparison of the amount of spring-back/
spring-go with respect to the thickness of
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(a) Bending angle: 120 °, (b)Bending angle = 120 °
R,: 7mm, Spring-back: Re: 4.5mm, Spring-go:
0.38 ° 2.28 °

(¢c)Bending angle : 60 °,
Ry: 7mm, Spring-back:

8.92°
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Fig. 6 Comparison of Local Stress distribution analysis
with respect to bending angles and the
curvature(SPFC 980, Ld:100mm, t:1.4mm)
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Fig. 7 Comparison of Local Stress distribution analysis
with respect to spring-back/ spring- go. SPFC
980, Ly: 100mm, T : Imm, R, : 4.5, spring —go
(6: 120°)/ spring-back (0: 60°)

Table 2 The sum of the tensile and compressive stress
distribution from the center to adjacent area
[+ : tensile stress, - : compressive]

Unit(MPa) Upper side Lower side

Spring-  Spring- | Spring-  Spring-
Area
go back go back

Center -25,101  -40,946 | 27,104 46,499

Adjacent | 44,127 27,094 | -46,241  -29,571
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Fig. 8 Comparison of the forming load with respect to
the curvature, bending angles and materials
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