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Finite Element Analysis and Experimental Investigation of
Non-isothermal Forming Processes for Aluminum-Alloy Sheet
Metals (Part 1. Experiment)

H.Y.Ryu, Y.E.Kim, J.H.Kim, B.Y.Goo and Y.T.Keum

Abstract

This study is to investigate the effects of warm deap drawing with aluminum sheets of A1050-H16
and A5052-H32 for improving deep drawability. Experiments for producing circular cups and square
cups were carried out for various working conditions, such as forming temperature and blank shapes.
The limit drawing ratio(LDR) of 2.63 in warm deep drawing of circular cups in case of A5052-H32
sheet, whereas LDR of 2.25 in case of A1050-H16, could be obtained and the former was 1.4 times
higher than the value at room temperature. The maximum relative drawing depth for square cups of
AB052-H32 material was also about 1.92 times deeper than the depth drawn at room temperature.
The effects of blank shape and forming temperature on drawability as well as thickness distribution of
drawn cups were examined and discussed.

Key Words : Warm Deep Drawing, Relative Drawing Depth, Deep Drawability, Forming Tempera-
ture, Limit Drawing Ratio(LDR), Thickness Distribution
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Table 1 Chemical composition of test materials
Chemical composition (wt(%))
Materials
Si Fe Cu Mn Mg Cr Zn Ti
A1050-H16 0.25 0.40 0.05 0.05 0.05 - 0.05 0.02
AB052-H32 0.25 0.40 0.10 0.10 2.2-2.8| 0.15-0.35 0.10 -
Table 2 Mechanical properties of test materials
Materials Tensile strength | Yield stress Elongation |Hardness(MPa) E AR
(kg/mn) (kg /mn) (%) (Hv)
A1050-H16 141.08 105 8 41.73 0.5247 0.0143
A5052-H32 242.13 195 12 82.6 0.6544 -0.0595
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Fig. 1 Influence of temperature on mechanical properties
of A1050-H16 and A5052-H32 aluminum materials
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Table 3 Size of die components in warm deep drawing
Parts Material Size(mm) Rp(mm) Rd(mm) Re{mm) Clc(s;r;r)lce
Circular STD 11 2 40 5.0 - -
Punch
Square STD 11 40 x 40 5.0 - 5.0 L6
Circular STD 61 043.2 - 10 '
Die
Square STD 61 43.2%43.2 - 10 7.2
Table 4 Experimental condition for circular and square cup drawing
Shape of Temp.(TC) Cooling of Diameter of Blank(mm)
product (B.H & Die) punch Circular Square
2 65 65 X 65
70 70 x 70
Circular ’ !
cup R.T. 275 75 X 75
50 Cooled ¢ 80 80 x 80
100 s 85 85 x 80
150 » 90 90 x 90
200 2 95 95 x 95
Square 250 2 100 100 x 100
cup 300 No cooled 2105 105 x 105
350 s 110 110 x 110
2115 115 x 115
2 120 120 x 120
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Table 5 Temperature of punch surface measured for given forming temperature (unit : C)

Temp. of die &
.T.
b lankholder R 50 100 150 200 250 300 350 400
Cooled 12 18.6 297 | 29.9 37.3 | 41.7 56.4 59.8 67.6
Punch

No Cooled| R.T. 25.7 62.8 95 125 165 198 - -
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Fig. 3 Relative drawing depth of square cups for several
working conditions
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