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Investigation on the Manufacturing Conditions of Commercially
Pure Titanium Seamless Pipes by the Inclined Rolling Process

Atuhiko Kuropa and Tomio YaMARAWA

Synopsis

: The manufacturing conditions of commercially pure titanium seamless pipes by inclined rolling process were investigat-

ed on laboratory scale. Elevated temperature torsion test was carried out to alpha forged and beta forged billets.
Piercing condition was determined by a model piercing mill. A part of pierced shell was hot rolled and annealed to
investigate the possibilities to attain equiaxed structure in the products.

The results were summarized as follows.
(1)Piercing operation above 1223K is recommendable to avoid low piercing efficiency of the commercially pure
titanium, while the material possesses sufficient deformability in beta phase region.
(2)Equiaxed structure is obtainable by the piercing operation in beta phase region, followed by rolling in alpha phase
region and annealing at 1023K. Piercing operation below 1373K is necessary to achieve equiaxed structure.
(3)Fine grain alpha forged material possesses superior deformability at elevated temperature to coarse grain beta forged
material. However, the beta forged material possesses sufficient deformability for the piercing operation in beta phase

region.
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Table 1. Chemical composition of the material.

(mass%)
Fe C H O N Ti
0.06 0.008 0.002 0.228 0.01 Bal.
Sy =1 o

Piercing Ratio=L f/L0

Piercing Efficiency=Vb/(Vrxsin8)x100
Vb:Billet velocity along the rolling direction.
Vr:Roll surface velocity at the gorge section.
@ :feed angle

Fig. 1. Schematic diagram of the piercing opera-
tion. Definition of the piercing ratio and the
piercing efficiency.
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Fig. 2. Effect of forging conditions, test tempera-

tures and surface conditions on the elevated

temperature deformability of the commer-

cially pure titanium. Materials were tested

under the oxidized surfaces, except the blank
marks.
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Fig. 3. Microstructure of undeformed portion of the
twist test specimens.
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Fig. 4. Deformation stress of the commercially pure
titanium (C.P.Titanium) at elevated temper-
ature in comparison with a carbon steel
(S45C).
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Fig. 5. The adequate range of temperature and
piercing ratio where the piercing rolling
were possible for the commercially pure
titanium on a model piercing mill. Feed
angle=12°, piercing Ratio=2.1.
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Fig. 6. Effect of temperature on the piercing effi-
ciency of the commercially pure titanium (C.
P.Titanium) in comparison with a carbon steel
(545C). Feed angle=—12°, piercing Ratio=2.1.
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Fig. 7. Applied force on the plug during piercing
rolling of the commercially pure titanium (C.
P.Titanium) in comparison with a carbon steel
(545C). Feed angle=12°, piercing Ratio=2.1.
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Fig. 8. Applied force on the main roll during pierc-
ing rolling of the commercially pure tita-
nium (C.P. Titanium) in comparison with a
carbon steel (S45C). Feed angle=12°, pierc-
ing Ratio=2.1. .
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Fig. 9. Appearances on the inner surface of com-
mercially pure titanium hollow shells.
(a)Pierced at 1223K, piercing ratio=2.1.
(b)Pierced at 1373K, piercing ratio=2.1.
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Fig. 10. Milc{rostructure after annealed at 1023K for
.8ks.
(a)Pierced at 1223K and rolled at 1073K.
(b)Pierced at 1273K and rolled at 1123K.
(b)Pierced at 1373K and rolled at 1223K.
(b)Pierced at 1473K and rolled at 1323K.
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