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A Study on Spring Back in Sheet Forming of Amorphous Alloys

S.H. Yoon (Graduate School of Mech. KMU), Y-S Lee(School of M& AE., KMU)
ABSTRACT

This paper is concerned with spring back after sheet forming of bulk amorphous alloys in the super cooled liquid state. The
temperature-dependence and strain-rate dependence of Newtonian/non-Newtonian viscosities as well as the stress
overshoot/undershoot behavior of amorphous alloys are reflected in the thermo-mechanical Finite Element simulations.
Hemispherical deep drawing operations are sithulated for various forming conditions such as punch velocity, die corner
radius, friction, blank holder force, clearance and initial forming temperature. Here, spring back by an instantaneous elastic
unloading was followed by thermal deformation during cooling and two modes of spring backs are examined in detail. It
could be conciuded that the superior sheet formability of an amorphous alloy can be obtained by taking the proper forming
conditions for loading/unloading.

Key Words : Spring back, Amorphous alloy(o}2 3 2= 3+3), Newtonian/Non-Newtonian(¥f EY ¢H/=F EH <t %),
Sheet forming(Z Al 43 &), Finite Element Method(++ 3 2.2 %)
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Fig. 2 Variation of punch loads for

several punch velocities
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Fig. 3 Thickness variations of amorphous
sheet in the punch-contact zone.
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Fig. 4 Schematic for two modes of spring back.



Table. I Spring back for several blank holding forces

BHE Disp.(P—Py) Disp(P—P;) Slope
N Lourtet 02107 puetot | uziot Tt
[mm] fmm] fmm} [mm] [degree]
350 5T -14.6 <734 -40.8 -8.169
1000 5.07 -15.3 =742 -40.5 -3.253
20001 470 -15.7 =751 -40.5 -0.695
3500 3.86 -16.4 -76.3 -40.6 15.02

Table. 2 Spring back for several punch velocities
Punch Disp.(P—P)) Disp.(P—P,) Slope
Vel. GrigT ] UZz1oT | OroT | uriot | Uz107
mm/s | mmj mm] mmj [mm] [mm})
1 18.22 -16.7 -74.8 -45.5 17.6
0.1 4.70 -15.7 -75.1 -56.3 0.93
0.01 0.44 -1.40 =753 -394 -0.03

Table. 3 Spring back for several initial temperatures

Initial Disp.(P—Py) Disp.(P—P,) Slope
Temp. | Ur10™ | Uz10® | Urt0™ [ Ur10? | Uz107
[K] [mm] mm] imm) | [mm] [mm] ¢
700 937 =322 -74.1 -41.7 29.19
720 4.66 -16.6 779 42 6 19.45
740 127 -4.2 -81.9 -436 | 2.39
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