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Investigation on the Manufacturing Condition of Ti-6A1-4V Seamless Pipes by Inclined Rolling Process

Atsuhiko KUrODA and Tomio Y AMAKAWA

Synepsis : Manufacturing conditions for Ti—6A1-4V alloy seamless pipes by inclined rolling process were investigated on laboratory scale. Elevated
temperature torsion tests and piercing tests were carried out on Ti-6A1-4V alloy ingot and forged materials after various conditions. A por-

tion of the pierced shell were hot rolled and annealed to predict microstructure and tensile properties of products by the inclined rolling

process. The results were as follows.

(1) Grain size affects deformability at elevated temperatures. Material with finer grain size possesses higher deformability as well as

wider temperature range of high deformability in alpha+beta temperature region.

(2) The material forged in beta region with coarse grain size possesses sufficient deformabilities for the piercing operation. There is no

effect of the forging conditions on tensile properties after piercing operation.

(3) The microstructure on the final products consists of fine acicular structure and their tensile properties satisfy the specification for

Ti—-6Al4V seamless pipes.

(4) Piercing temperature at 1373K and reheating temperature at 1223K are recommended for the inclined rolling process to avoid for-

mation of grain boundary alpha phase which detoriorates ductility of the products.

Key words : rolling; titanium base alloy; tubular products; plastic deformation; ductility.
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Table 1. Chemical composition of the materials tested
(mass%o).
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Table 2. Forging conditions for the torsion test and the
piercing test materials.

Forging condition No. 1 |
Start Material

No.2 | No.3
195m square ingol
(cut from ¢ 750VAR ingot)

Rough Temp. 1373K heated

Forge F.R. 2 .6 []

Final Temp 1223K |  T323K None

Forge F.R. 3.4 | 3.4
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(a) Ingot (Cut from 750mm VAR ingot) _—

(b) No.1:Rough forging at 1373K+ finish forging at 1223K.
(c) No.2:Rough forging at 1373K+ finish forging at 1323K.
(d) No.3:Forging at 1373K.

Fig. 1. Microstructure of ingot and forged materials.
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Fig. 2. Effect of the forging conditions on deformability at
elevated temperatures of Ti-6A1-4V alloy.
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Fig. 3. Effect of initial grain size on deformability at ele-
vated temperatures.
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Fig. 4. Flow stress of Ti—-6A14V alloy ingot and forged
materials at elevated temperatures.
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(a)No.1:Rough forging at 1373K+ finish forging at 1223K.
(b) No.2:Rough forging at 1373K+ finish forging at 1323K.
() No.3:Forging at 1373K.

Fig. 5. Appearance of inner surface of hollow shells.

Table 3. Effect of the forging conditions on room tempera-
ture tensile properties after piercing rolling at
1373K, in comparison with forging at 1373K.

Process |, Forging {0.2 %P.S. T.§. El.
icondition (MPa) (MPa) (%)
Piercing: No 990 4.
rolled ! No 984 4.
: No3 8 9990 5.
Forged bar 11 902 0.8

(a) No.1:Rough forging ét 1373K+ finish forging at 1223K.
(b) No.2:Rough forging at 1373K+ finish forging at 1323K.
(c) No.3:Forging at 1373K.

Fig. 6. Microstructure on longitudinal section of hollow
shell after piercing rolling.
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(a) Pierced at 1273K and hot rolled at 1123K.
(b) Pierced at 1273K and hot rolled at 1223K.
(c) Pierced at 1473K and hot rolled at 1123K.
(d) Pierced at 1473K and hot rolled at 1223K.

Fig. 7. Microstructure of piercing rolling and reheat rolling
material after annealing at 978K for 1.8 ks.

—_ T T T
E 1100 Tensile\itrength & 7
> L
@ 1000 ~ 4
Lt 3 0.2%Proof Stress j
2 9()(J‘—i——T.S. minimum T
g . Piercing temp. 1
N 0.2% P.S. minimum
5 73K
S s ST 9T |
RO
_ og 1273K i
g
= uﬁ\"?.—t— |
S T
g 10 B
g’ Elongation
i minimum
1 1 1
1100 1200 1300

Reheating temperature (K)

Fig. 8. Effect of the piercing and reheat temperature on
tensile properties after annealing at 978K for 1.8 ks.
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Fig. 9. Schematic illustration of deformation mechanism
for the elevated temperature torsion tests.
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