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Design of Titanium Alloys Suitable for Superplastic Forming
Hidehiro ONODERA, Kaisumi OHNO, . Toshihiro Y AMAGATA,
Tsuneo OHKOSHI and Michio YAMAZAKI
Synopsis :

Using four kinds of o+ # titanium alloys (Ti-Al-V-Sn-Zr-Mo-Cr-Fe system), the effects of test temper-
ature and volume fraction of ¢ phase on superplastic properties were investigated.

(1) Total elongation of each alloy was more than 400% in the temperature range between 1023 K and
1 123K at the strain rate of 6.7X107* s~ . Maximum flow stress increased with decreasing temperature
rapidly in the temperature range lower than 1073K. From these results, the temperature range between
1073 K and 1123 K was considered to be suitable for superplastic forming of these alloys at the strain
rate of 6.7X107% s !

(2) The effects of test temperature and volume fraction of « phase on the strain rate sensitivity, m, were
examined by multiple regression analysis. Following regression equation was obtained.

m=—17.128(® —1.095)2—0.514( V, —0.426)%+0.422

® : Test temperature KX 1073, V. : Volume fraction of « phase
From this equation, titanium alloys whose volume fraction of « phase is 0.426 at the temperature of 1095K
are considered to give the maximum m value and the best superplastic properties at a strain rate of 6.7 X
1074 s L

(3) « phase was formed at the surface of specimen due to the reaction with oxygen during high tempera-
ture tensile test in an argon atmosphere. Such o phase was expected to be detrimental for superplastic
forming and to reduce ductility of the material.
Key words : titanium base alloy ; superplastic forming ; alloy design ; volume fraction of « phase ; forming
temperature ; strain rate sensitivity ; oxidation.
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Table 1. Chemical compositions (wt% ) and S3-
transus (K).

(wt%)
"Alloy Al V. Sa Zr Mo Cr Fe' O Ti Ts
GT-9 57 05 1.4 3.9 1.0 1.3 1.0 0.12 pal 1223K
GT-33 6.5 1.4 1.4 1.0 2.9 2.1 1.7 0.11 bal. 1183K
GT-45 6.4 2.9 0.9 1.1 2.5 2.5 1.6 0.11 bal. 1153K
GT-46 5.7 1.5 0.9 5.1 2.5 3.5 2.6 0.16 bal. 1133K

T3 : B-transus
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Table 2. Microstructural parameters and strain

rate sensitibity m for alloys heated 10 min at each
test temperature.
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GT-9 1173
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1073
1023
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15 (0.26).

() : Measured after test .V, : Volume fraction of « phase
da, dp : Grain diameters of a and 3 phases m : Strain rate sensitivity
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Photo. 1. Back scattered electron micrographs of GT-9 (a), GT-33 (b), GT-45 (c), and GT-46

(d) heated for 10 min at 1 123 K.
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Fig. 1. True stress-strain curves for GT-33 alloy

at various temperatures at a strain rate of 6.7 X
1074s L. '
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Fig. 2. True stress-strain curves for alloys GT-9,

33, 45, and 46 at 1 123 K.
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Fig. 3. Influence of temperature on elongation for

alloys GT-9, 33, 45, and 46.
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Fig. 4. Influence of temperature on maximum flow

stress for alloys GT-9, 33, 45, and 46.
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Fig. 5. Effect of temperature on strain rate sensi-
tivity m as a function of strain rate for GT-9 alloy.
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Fig. 6. Effect of temperature on strain rate sensi-
tivity m as a function of strain rate for GT-33 alloy.
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Fig. 7. Correlation between tensile elongation and
strain rate sensitivity m. Each numeral shows test
temperature (K).
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Table 3. Summary of multiple regression analysis for strain rate sensitivity m.

Variable Data (n=14) MULREG SVMULREG
b Min. Max. Mean SD Coefficient . t-value Coefficient t-value
) 1.02 1.17 1.09 0.05 37.508 3.46* 0.097 0.23
@2 1.05 1.38 1.18 0.12 —17.128 —3.45*
Va 0.00 0.69 0.30 0.21 0.438 1.87 0.078 0.71
Al -~ 0.00 0.48 0.13 0.15 ~0.514 v —1.56 .
m 0.23 0.49 0.34 0.07

Constant —20.208 0.215

M C.C 0.816 (4.51% %) 0.211 (0.26%*)

* : t-test 1% significant % % : F-value ©: Test temperature (Kx107%)
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Fig. 8. Correlation between estimated values of m
and observed values of m.
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—0.426 ) + 0.422
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Ve : Volume fraction of a phase
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Fig. 9. Back scattered electron micrograph of GT-9
alloy fractured at 1 173 K (a), and profiles of O and
Al concentrations obtained by line scanning of XMA.
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