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Effect of Processing Conditions on the Deep Drawability of Ti-6Al-4V
Sheet at Warm Temperatures
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Abstract

In the current study, fundamental deep drawing characteristics of Ti-6Al-4V alloy sheets were investigated to establish the
effect of processing conditions on large size square deep drawn cups. To accomplish this study, FE-simulations (Abaqus) were
performed to determine optimum blank size, friction coefficient, the gap between punch and die, etc. The simulated
processing parameters were verified experimentally. Based on the FE-simulation results, deep drawing was performed with
various blank holding loads and sample sizes. In order to improve the formability of Ti-6Al-4V sheet, various lubricant
methods were evaluated. Tensile tests and thickness measurements were conducted on the formed sheets. Processing
parameters including blank holding force, lubricants, and optimum blank size, were selected to achieve improved drawing
quality. With the optimum processing condition, a 200mmx200mm cup was deep drawn successfully.
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Table 1 Comparison of measured roughness data

Elements Composition (wt.%)

Al 55-6.75

C <0.10

Fe <0.40

\Y% 34-45

O <0.20

N <0.05

H <0.01

Ti Bal

Fig. 1 Directional microstructure of Ti-6Al-4V sheet
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Fig. 2 Tensile strength and elongation of Ti-6Al-4V sheet
according to loading axis: (a) tensile strength, (b)
yield strength, and (c) total elongation

Fig. 3 Ti-6Al-4V sheet positioning. RD is aligned to
corner direction of drawing die
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Table 2 Drawing molding analysis applied to the
variable conditions

Division Content
Materials Ti-6Al-4V
Sample size 330mm x 330mm
Punch size 196mm x 196mm
Punch corner radius 5mm
Punch speed 0.5mm/s
Blank holding force 29KN, 34kN, 39kN
Coefficient of friction 0.1,0.3,0.5
Intervals_of punch and 2mm. 3mm, 4mm, 5mm
bottom die
Temperature 500, 600TC
Depth 55mm
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Fig. 4 FLDs at Ti-6Al-4V alloy sheet at (a) 500C (b)
6007C[2]
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Fig. 9 Result of forming according to the radius of
curvature R (a) R=5 (b) R=10
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Fig.12 Microstructural images of samples (a) before and
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Fig.13 Tensile specimen machining direction and position
in font the square cup

Table 3 Tensile test result of deep drawing cup

Sa&p'e UTS (MPa) YS(MPa) | U.EI (%)
Al 1066 976 15.3
A2 1047 957 16.7
B1 1063 999 14.4
B2 1097 1012 15.2
c1 967 938 155
c2 981 948 40.3
D 1083 721 21.2
E 1066 927 15.1

F 1040 785 7.0
G 1071 935 8.7
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