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Thickness Distribution of Hemispherical Cup in Meso-Scale
Deep Drawing Process
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Abstract
Meso-scale or micro-scale forming of sheet metal parts has been recently considered as one of the important forming

technologies with growing demand on meso/micro products for electric or medical devices. Experimental investigation on

the cylindrical meso-cup drawing with hemispherical punch is carried out to examine the limit drawing ratio and thickness

distribution of drawn cups. The working parameters chosen in this study are blank diameter, die-corner radius and

blankholding force. It is found from the experiments that the limit drawing ratio of 2.4 can be achieved in the case of

hemispherical cup drawing and uniform thickness distribution in wider region can be obtained compared with the results

of conventional cup drawing.
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Table 1 Mechanical properties of specimen

Material Bery?g‘;‘zg;’l)f’er
Thickness (£m) 50
Yield Strength (Kgf/mm) 21.7
Tensile Strength (Kgf/mm) 45.8
Elongation (%) 58.7
Hardness (Hv) 113.4

18 o A =2 %% (Draw speed)™ 100mm/min
Aslal, £33 % (Blank holding force,

ol o] JEHS we] S
Tets s Veer A4S 24

o

o FAEE M

Table 2 Experimental conditions for cup-drawing

Draw speed

(mm/min) 100

1.6(4.8), 1.7(5.1), 1.8(5.4)
Drawing ratio () 1.9(5.7), 2.0(6.0), 2.1(6.3)
(Blank diameter, D, mm) 2.2(6.6), 2.3(6.9)
2.4(7.2), 2.5(7.5)
0.6, 3.0, 5.3, 7.6

Blankholding force
(BHF, Kgf) 99, 123, 146, 169
19.2, 21.5, 239, 262
Die-corner radius
(Rd, mm) 0.3,0.5, 1.0
Punch-corner radius 15
(Rp, mm) '
Diameter of punch 3.0
(Dp, mm) '
Diameter of die
(Dd, mm) 3.14
Clearance(C, mm) 0.07
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Fig. 1 Limit drawing ratio for various blankholding
forces and die- corner radii
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Fig. 3 Measuring position for thickness and hardness
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Fig. 4 Comparison of thickness distribution for
different blankholding forces (Rd=0.3mm)
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Fig. 5 Comparison of hardness distribution for
different blankholding forces (Rd=0.3mm)
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Fig. 6 Comparison of thickness distribution for
different drawing ratio (Rd=0.3mm)
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Fig. 7 Comparison of hardness distribution for
different drawing ratio (Rd=0.3mm)
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