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Evaluation of the Formability of Warm Forming Simulation of
Magnesium Alloy Sheet Using FLD
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Abstract

In this study, a forming magnesium alloy circular cup was simulated accounting for heat transfer at elevated
temperatures. In order to predict the failure of magnesium alloy sheet during simulation, the forming limit diagram, which
is used in sheet metal forming analysis to determine the criterion for failure, was investigated. For the failure prediction in
the simulation accounting for heat transfer, the forming limit diagram for a temperature the same as the temperature of the
blank element was used. The result of the simulation showed that the drawn depth increases with the increase of the die-
holder temperature, and is in accord with the experimental results above the die-holder temperature of 150 ° C. The
forming limit diagram provided a good guide for the failure prediction of warm forming simulation accounting for heat
transfer. In addition, the effect of the tool shoulder radius on the drawn depth at various tool temperatures is verified using
the simulation conditions which agreed with the experimental results.
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Fig. 1 Simulation model of the circular cup deep

drawing

Table 1 Process parameters used in simulation

Thermal properties

Thermal conductivity(sheet) 96 W/m°C
Heat capacity(sheet) 1000 J/kg"C
Interface heat transfer coefficient 4000 W/°C

Drawing conditions

Punch diameter 40 mm
Punch and die corner radius 6.25 mm
Blank thickness 0. 8 mm
Punch velocity 5 mm/sec
Punch stroke 40 mm
Blank holding force 5~6.8 kN
Friction coefficient 0.1
Initial blank diameter 100 mm
Blank heating time 2 sec
Temperatures(simulation with heat transfer)
Blank at initial state 25°C
Punch 15°C

Die and blank holder 25~200°C
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Fig. 3 Flowchart of forming limit prediction procedure
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Fig. 5 Strain paths of element number 5707 in failure
zone (die and holder temperature 150°C)
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Table 2 Tool shoulder radius (Rp is die shoulder
radius and Ry is punch shoulder radius)

CASE 1 CASE 2
Rp Rp Rp Rp
2.0 mm 2.0 mm
625mm  ommo o 40mm o
6.25 mm 6.25 mm
8.0 mm 8.0 mm

Constant punch temperature, Rd 6.25 mm

o
w

»
| Tool temperature

25T 50C +100TC
=150 C €200 C

Pa
<

200 C

w
n

w
<
T

o (5%
< W
T T

Drawndepth, mm
G

w =
T T
RV
g U

<

2 4 6.25 8 10

Punch shoulder radius, mm

(a) CASE 1; constant Ry = 6.25mm

Constant punch temperature, Rp 6.25 mm
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(b) CASE 2; constant Rp = 6.25mm
Fig. 6 Effect of tool shoulder radius on formability at

various temperatures
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