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Stretchability of Commercially Pure Titanium Thin Sheet
Masayoshi OGAYA, Masaru KISAICHI and Seishi ISHIYAMA
Synopsis :

Stretchability of the commercially pure titanium thin sheet which is used for plate type heat exchanger
was determined in comparison with the tensile properties.

In stretch forming the strain hardenability in the transverse direction, in which the maximum principal
strain is oriented to the transverse direction, is greater than that in the longitudinal direction, while in uni-
axial tension the strain hardenability is much smaller in the transverse direction than that in the longitudinal
direction. Thus, the stretchability is controlled by the poorer ductility resulting from the smaller strain
hardenability in stretch forming in the longitudinal direction.

In the longitudinal direction the strain hardenability increases with increasing grain size in both uniaxial
tension and stretch forming. Therefore, the stretchability is improved since the longitudinal ductility in
stretch forming increases with increasing grain size.

The behavior of strain hardening is satisfactorily explained by the amount of the twins produced during
plastic deformation. Namely, higher density of deformation twin produced in both longitudinal uniaxial
tension and stretch forming in the transverse direction results in greater strain hardenability. Moreover,

the density of twin produced in both deformation modes increases with increasing grain size in the longi-

tudinal direction.
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Fig. 1. Deformation mode of plate type heat
exchanger.
Table 1. Chemical composition (wt%).
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Fig. 2. Forming limit diagram techniques.
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Fig. 3. Relation between tensile properties
and grain size.
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Fig. 4. Relation between Erichsen value
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Fig. 5. Relation between circular bulging
height and grain size.
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Fig. 6. Relation between elliptical bulging

height and grain size.
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Fig. 7. Forming limit curve (F.L.C.) determined
for the material of 15 pm grain size in the longi-
tudinal direction.
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Fig. 8. Influence of grain size and direction of
maximum principal strain on forming limit
curves (F.L.C.) in stretch formig region.
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Fig. 9. Relation between effective stress, &, and
effective strain, g, obtained in elliptical bulging in
both longitudinal (L) and transverse direction

(T).
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Photo. 2. Microstructures after deformation of effective strain of about 0.2 in elliptical

bulging in both longitudinal and transverse direction.
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Fig. 10. Relation between effective strain, g, and
twin density produced in elliptical bulging in both
longitudinal (L) and transverse direction (T).
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