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Finite Element Analysis on the Springback in the Forging-
Bending of Metal Micro-Wire
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Abstract

Springback is one of factors affecting precision in metal forming. Its effect is particularly prominent in bending
process. In this study, bending and forging process are used in order to manufacture a micro spring with two bending
region from 60pm diameter wire. Springback in the process lowers the precision of the micro spring. Overbending for

springback compensation has wide usage in a general way. However, this method requires repeated modifications of press
dies until the tolerance is allowable, which causes that production cost and time increase. In this paper, we analyzed the
mechanism of springback in the forming process of the micro spring using finite element method. In addition, a simple
method to control springback without modifying dies was proposed by performing numerical analysis with various

parameters.
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Fig. 1 Micro spring manufactured by press forming
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Table 1 Material properties of micro wire

Properties Value Unit
Modulus of Elasticity 117 GPa
Yield tensile strength 618 MPa
Ultimate tensile strength 823 MPa
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Table 2 Design parameters of press dies

Parameters Value Comment
R, [mm] 4985 | Radius of curvature(punch)
R4 [mm] 5.015 | Radius of curvature(die)
C4 [mm] 0.03 Corner radius(die)
Hy [mm] 0.06 Height of stopper(die)
H, [mm] 0.06 Height of stopper(punch)

(a) Initial shape (b) Deformed shape

Fig. 6 Forging process simulation of micro-wire
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Fig. 8 Finite element model
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Table 3 Various conditions for parametric study

Condition Parameters Value Factor
o shear friction
Friction model F*
law
Simulation . . multiplicative
. Finite strain . F
condition decomposition
Time step 0.001 [s]
No. of elements 18,000
Corner radius of 0.01 ~0.07
C**
die fmm]
Design Radius of
. 4.985 [mm] F
condition curvature(punch)
Radius of
X 5.015 [mm] F
curvature(die)
Friction factor 0.1~0.7 C
Process
" . 1 [mmy/s]
condition Punch velocity . F
(static)

* F : Fixed factor, **C : Controllable factor
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