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Finite element analysis of spring back caused by frictional force in area of 
flange in press bending process
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Abstract: Springback is an essential task to be solved in order to make high-precision products in sheet metal forming. 
In this study, materials with four different elastic regions were used. For the forming analysis, the change of springback 
caused by the frictional force generated in the flange part during hat shape forming was considered by using the 
AutoForm analysis program. Factors affecting frictional force were blank holder force, friction coefficient, bead R and 
bead height. As a result of the forming analysis, the springback increases as the material with a larger elastic region 
increases. In addition, as the frictional force of the flange part increased, the tensile force in the forming direction 
increased and the springback decreased. In particular, the blank holder force and friction coefficient had a great effect on 
springback in mild materials (DC04, Al6016), and the bead effectively affects all materials. Through this study, it was 
considered that the springback decreased as the material with a smaller elastic region and the tensile force in the forming 
direction increased.
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Autoform R8 
. Fig .2 220 mm, 

100 mm , 
(compound type)
. Autoform 

Automesh 
master element size 40.00mm 

radius penetration 0.22mm . 
Mindllin 

EPS(Elastic Plastic Shell) .

, 
, 

, 

. 

Table 1
(R) 15 mm

. 0.05 %
, 240 mm/sec 

Spring back 
. 

Category Applying variable Setting value

1 Blank Holder Force 50kNm, 85kN, 120kN

2 Friction coefficient 0.1μm, 0.12μm, 0.15μm

3 Bead R 5mm, 6mm, 7mm

4 Bead H 4mm, 4.5mm, 5mm

1
HCT 600T HC 300B , 
DC04 Al6016 T4 , 

1.0 mm . 
0.15 μm

50 kN, 85 kN, 120 kN
.

2 HCT600T
HC300B , DC04

Al6016 T4 120 kN
.

0.10 μm, 0.12 μm, 0.15 μm
, 

. 1
.

3 2
, Bead “R” 5 mm, 6 

mm, 7 mm
. DC04

Al6016 75 kN , 
HCT600T, HC300B 120 kN

. 1
.

4 2
, Bead “H” 4 mm, 

4.5 mm, 5 mm

. 1
.

HCT600T( 650 MPa), HC300B(
450 MPa), DC04( 300 MPa)

AL6016 T4 outer( 230 
MPa) . 

Table 2 Spring back
120 kN Spring 

back . 
Spring back

. 
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Blank
horder
force

Measurement
element

Material
HCT600T HC300B DC04 Al6016

50 kN

Normal direction
spring back 

(mm)
9.858 8.171 5.330 7.209

Comparative 
strain (%) 18.2 34.8 182.5 599.9

85 kN

Normal direction
spring back 

(mm)
9.161 7.224 3.918 4.070

Comparative 
strain (%) 9.9 19.2 107.6 295.1

120 kN
Normal direction

spring back 
(mm)

8.338 6.061 1.887 1.030

Fig. 3 120 kN
Spring back . 
Spring back

, DC04
. 

Spring back
.

Spring back

0.10 μm , 
0.12 μm

0.15 μm
.
Tabel 3 Spring back 

0.15 μm , 
Spring back .

Spring 
back , 

Spring back
. 

Spring back . 
DC04 Al6016

Spring back
. 

.

Friction
coefficient

Measurement
element

Material
HCT600T HC300B DC04 Al6016

0.10μm

Normal 
direction

spring back 
(mm)

9.320 7.453 4.276 3.74

Comparati
ve strain (%) 11.8 23.0 179.8 324.5

0.12μm

Normal 
direction

spring back 
(mm)

8.920 6.945 3.336 2.344

Comparati
ve strain (%) 7.0 14.6 118.3 166.1

0.15μm
Normal 
direction

spring back 
(mm)

8.338 6.061 1.528 0.881

Fig. 4 0.15 μm 
Spring back . 
DC04 Al6016 HCT600T
HC300B

. 
. 

Spring back
. 
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Spring back
Bead

. Bead “R” 5, 6, 7 mm
. Bead , 

(HCT600T, HC300B) 120 kN 
, 

(DC04, Al6016O) 120 kN
75 kN .

Tabel 4 Bead “R” Spring back Bead “R” 5 
mm Spring back . 

Spring back
, Bead “R”

Spring back
. Bead “R”

Spring back .
Fig. 5 Bead “R” 5 mm

“R” Spring back 
. DC04 Al6016

HCT600T HC300B
.

Bead
“R”

Measurement
element

Material
HCT600T HC300B DC04 Al6016

5mm Normal direction
spring back (mm) 2.435 1.957 0.884 1.159

6mm
Normal direction
spring back (mm) 3.359 2.868 1.410 1.530

Comparative 
strain (%) 37.9 46.6 59.5 32.0

7mm
Normal direction
spring back (mm) 4.993 3.734 1.649 1.982

Comparative 
strain (%) 105.1 90.8 86.5 71.0

Spring back
bead . 

Bead (H)
4, 4.5, 5 mm

. Bead 
Bead “R” 

.
Table 5 Bead 

5 mm
.

 Spring back
, 

Bead Spring back
. 

Spring back 
.

Bead
H

Measurement
element

Material
HCT600T HC300B DC04 Al6016

4mm
Normal direction
spring back (mm) 3.655 3.091 1.503 1.664

Comparative 
strain (%) 50.1 57.9 51.5 43.6

4.5mm
Normal direction
spring back (mm) 2.824 2.575 1.208 1.524

Comparative 
strain (%) 16.0 31.6 21.8 31.5

5mm Normal direction
spring back (mm) 2.435 1.957 0.992 1.159

Fig. 6 Bead  5 mm
 Spring back . 
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