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Effect of Thickness on the Pure
Stretchability of Sheet Metals

Masanori KOBAYASHI, Yasushi KUROSAK]I, and Nozomu KAWAI

Recently, the thinning and strengthening of sheet metal is of importance for conserving natural
resources and energy. In this paper, the effects of the thicknesses, lubricants and temper of metals
on the pure stretchability of aluminum sheets are studied. The pure stretchability of sheet metals
deteriorates with a decrease in thickness. The optimum frictional coefficient, which gives a maximum
of critical forming depth, was found in this experiment. The thickness dependence of the critical
forming depth was analytically calculated by means of Hill's diffuse neck criterion, Yamaguchi’s
method based on M-K theory and the criterion proposed by Gotoh, and the results were discussed in

detail.
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Uniaxial test Equi-bi- |[Grain
axil testisize
t |ST+ | E++ |F n r F n d
mm {MPa { % MPa MPa mm
Haif-hard |0.2{148 | 1.5 | — — |1.15%|168(0.100] ~
Half-hard {0.6/143 {3.3 | —} — 0.65%|193{0.063| —
Half-hard |1.0]128 16.6 | — - 10.66 |191]0.091; -
Soft 0.2| 88 |35.0[163{0.282{1.61 |138/0.248/0.023
Soft 0.6] 88 |36.2[166{0.279|1.12 {150]0.253}0.024
Soft 1.0] 85 {47.5/161{0.280{0.93 |152/0.245{0.023

F- and n-value are material constants in o=Fg"
t:Nominal thickness

+:Ultimate tensile strength

++:Total elongation(Nominal strain)

¥:Caiculated value(13)
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Tool Material Punch and Die SK-5(JIS norm)

punch Diameter 2ry |40 mm
Profile Radius re |20 mm
Chemi-spherical)
Roughness Rmax|0.8um
Die Profile Radius ry 5 mm

Aperture Diameter 2r, [13 mm

Clamping Force
Punch Travel Speed
Room Temperature

76 kN(7.7 tf)
about 0.15 mm/S
19~25°C
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# 3 FEEEREE (KEE)

Conditions:

sliding distance 2 mm

Relative stiding velocity 0.03 mm/S

Normal pressure about 20 MPa(2 kgf/mm?)

Specimens Commercially pure aluminum
Soft and Half-hard
Thickness 0.2, 0.6 and 1.0 mm
Lubricants A1050-0 | A1050-H24
PTFEX + Btk 0.02 0.01
PTFE%¥ + Machine Qil 0.03 0.03
Mixture of graphite & tallow 0.04 0.04
Rosin 0.54 0.57

¥:PTFE Polytetrafluoroethylene sheet
(nominal thickness is 0.05 mm)

.8t Bright stock(high viscous oil)

Load csil tor
measuring

normal force Specimens
(Ciradar plates)

Piston for applying
normai torce

| P: Normal torce
F: Frictional torce
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