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A Study of forming limit on rotational incremental forming of

magnesiu

m alloy sheet
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Abstract

Being a lightweight material, magnesium is increasingly employed in automotive parts. However, because of its
hexagonal closed-packed (HCP) crystal structure, in which only the basal plane can move, the magnesium alloy sheets
show low ductility and formability at room temperature. Thus the press forming of magnesium alloy sheets has been
performed at elevated temperature within range of 200°C ~ 250°C. However, we confirmed that using rotational
incremental forming magnesium alloy sheets were formed without any heating at previous study. In this study, at the
forming of square cup using rotational incremental sheet forming, the strain distributions were obtained and it was
compared with forming limit curve at neck (FLCN). Also, forming limit curves at fracture (FLCF) of magnesium alloy
sheets were obtained at elevated temperature and it was compared with the strain distribution of square cup of magnesium
alloy sheet. In this study, we confirmed that conventional forming limit curves can not predict rotational incremental

forming.
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Table 1 Chemical composition of tested material
(mass %)

Al Zn Mn Ni Fe Cu others Mg

Mass
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Fig. 1 The schematic of incremental forming
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Fig. 2 flow stresses of magnesium alloy sheets at
elevated temperature
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Table 2 Mechanical properties of magnesium alloy
sheets at elevated temperature
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Temp. |Tensile |Total Strength  [Strain Plastic work,
(°C) |[strength [elongation |coefficient, |hardening C(W/mm?)
(MPa) () K (MPa) [exponent, n
'T"""m 186 0.25 433 0.207 66
emp.
100 125 0.44 295 0.181 95
150 93 0.51 198 0.161 74
200 85 0.45 140 0.160 37
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Fig. 3 Forming limit curve at fracture for elevated
temperature
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Fig. 4 Experimental results : (a) 45° wall angle, (b)
60° wall angle, (c) 70° wall angle at which the
crack were occurred
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Table 3 Maximum temperature of tool and specimen
for each square cup

Wall angle (°) | Temp. of tool (°C) | Temp. of specimen (°C)
45 105 60
60 125 80
70 150 80
3.0 b3 70° of wall angle, fracture
O 70° of wall angle, safe
2.5 b l!\ 60°| of wall angle, safe
A% 459 of wall angle, safe
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Fig. 5 Forming limit curve at fracture for incremental

forming
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Fig. 6 The comparison of FLCF and FLC in

rotational incremental forming
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