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Hot continuous-rolling process for Ti alloy seamless pipe and its application
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Abstract: The low specific heat and the fast descent of surface temperature for Ti alloy cause the difficulty
in rolling temperature control. High-temperature friction and plasticity characteristics of Ti alloy cause surface
defects happening in the hot processing, which limits the hot-rolling production for Ti alloy. The rolling process
was investigated by thermal-mechanical coupling of finite element method, in which a $204 mm <16 mm tubular
billet of TC4 alloy was rolled into a $185 mm X7 mm semi-finished pipe by a tandem of three roll mills of
PQF type. The simulation results showed that the temperature differences between inside and outside of the
titanium alloy tube was up to 250 °C, with the start rolling temperature at 900 ‘C and a rolling speed of
2.93 m/s. The tensile stress was over 200 MPa at the outer surface in the second and fourth passes, which
most likely had caused surface defects. TC4 and TA1l were produced according to the simulation

results. The industrial fabrication indicated that the high-precision seamless pipe of titanium alloy could be
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produced by a tandem of hot rolling mills. The relative deviations of the outer diameter and the wall
thickness alloy were less than 0.5% and 10% respectively for the industrial hot rolling fabrication of the
TC4 and TA1 titanium seamless pipe, which agree with the simulation results. The grain size of TAl
seamless tube was about 100 pm, the yield strength was 237 MPa , the tensile strength was 321 MPa, the
elongation was 47%, and the ambient CVN impact energy was 100 J. The yield strength of the TC4
titanium alloy seamless pipe was 780 MPa to 846 MPa, the tensile strength was 910 MPa to 960 MPa, the
elongation was 14% to 16%, and the ambient CVN impact energy was 38 J to 52 J.

Keywords: Titanium alloy; seamless pipe; PQF; finite element; thermal-mechanical coupling
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Fig. 1 Finite element model Fig. 2 Sketch of groove size
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Table 1 Groove size and the distance between the peak of groove and centerline of rolling

LR R,/mm R,/mm R;/mm LR A SO L R /mm
1# 100.05 300.15 35.90 97.0
24 96.05 336.20 25.60 94.0
3# 93.50 327.25 25.90 92.3
4 # 92.75 324.65 25.60 91.6
54 91.50 251.65 9.40 91.5
6 % 91.50 251.65 9.40 91.5

EH AL Z A e R B 20 MW/ (mm® « KD, #4%)
TR IR B g — S i R R B R R, F R AR B
0.17 MW/ (mm” « KO' s 5L REL i BE 4 R ECh 0.3, 5B R
] o L A7 R RS A 1 PR 4 R B 0,100 5 R R A TR B
FIEE ) A 4350 0.7 F1 0,977,

L L AT ROF b A 42 6204 mm, BEJE 16 mm, K
2 000 mm K B 1E 45 4 1) Sk B8 AE AT LA A vl 1 B I A 3k AR O
SEOT R SRR M Ak B X A Sk R A AT 4n Ak Ak
BRI 3. Sk RS I A% A ] X AR RS /I A 2 R h B 5
HFHIIFEA 1 C3DSRT HIC, ¥ FLALEEE RS, H
2R 170 mm s FLAF A AR T8 Sy S 08 M AR T LR RGeS o SR FH I AR B 5, 220w LA AL o ook B v 1 AR T

TCA (R RHE P SCER8 s . TC4 1Y il 1 A 47 B R 1 ABAQUS A FRITER 4 1) 8l e 5 ds

TAL BRI T 5 TCA L, Hgh AR TR .

1.2 Tk

HRE AR H 3 2 S B M i ) TCA A1 TA 1 #GEFLTC4E 4 . R PQF #4LHLAL AL H¢139.7 mm X
7.72 mm [ TC4 ¢ 168 mm X 10 mm B TAL Jo4& 4, JF 5L B 430 2 900 °C A 800 °C ., #L il 3 B Ky
2.93 m/s,
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2.1 TC4 FELRE L& 3= E 3T F 55 M m
FEELIRE 4351~ 800,900,950,1 000 °C , H 4 2.03,2.93,3.53 m/s B, £ TE R ELHI 71 Nk 2 iR,
i T EL LB R EL T 7 B BRI L 5L AR ARR T 800 C . ALHIIRE M 900 CHHEF] 1 000 °C A, LI S 284k
AR, T R R i Tl BE Y BRI Y TCA (AR TR AT 1 28 AR 35 K, TCA (1 AH S 25002 998 °C L Y il B i 998 “C A, 14
M a+p AHEEAS B A AR 5 S BB A R Y I R S R A AR R R, S R g
AT A L i ol 2 e 2L T AN Ao A AR
x2 AEHHEHETENERMELE AN

Table 2 The rolling force in a different rolling condition

3 ELEIEER M AE AR LA A K ANVREE
Fig. 3 The gridding of tubular billet and its head

T HL R EE H AL J1 /KN
t/C v/(m+s™ ") BLERK BRI AR 5 IHIK 56 TH UK
800 2.93 2 552 2 390 2 450 2 456 1944 1315
900 2.93 2 225 2 139 2 109 2 017 1705 1328
950 2.93 2 020 2 036 2 103 1973 1623 1249

1 000 2.93 1371 1832 1830 1772 1288 842
900 2.03 2 316 2 319 2 372 2 305 2 087 1688

900 3.53 2 140 2 019 1968 1 818 1595 1225
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Fig. 5 Temperature variation of typical elements in a different rolling condition
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Fig. 6 Stress variation of surface elements during the rolling process
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Fig. 7 Cross-section shape after different pass Fig. 8 Cross-section size of semi-finished pipe

after simulated hot strip rolling
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Fig. 9 Fabrication production of the titanium seamless pipe

F3 TARHEA TAl TEENEMEERS
Table 3 Outer diameter and thickness of the TAl seamless pipe

W& 5 4% /mm BEJE /mm W& A BEJE /mm
1 168.0 9.16 5 9.97
2 168.0 10.70 6 10.94
3 168.0 11.05 7 9.43
4 168.5 10.93 8 9.18
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P10 43900 Tl i 9 TCA F1 TAL JC4E 4 MY L4, TC4 B3R5 4 To 48 45 I\ 1) 4 U8 8 TP 1Y Al 4%
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Fig. 10 Structure after rolling

£ 4 TIARHIA TC4 71 TAL S EaE
Table 4 Mechanical properties of trial production of TC4 and TA1l

Jif ¢ 55 &2 / MPa PUHL3 &/ MPa JE AR/ 05 CVN % i ity 2 /]
TC4 780~846 910~960 14~16 38~52
TAl 237 321 47 100

3 & it

D BEABL 43 1 22 B JF 5LIR S 900~950 °C He 4 B, JC 4% B4 i 4Lt FL 289 mT LR R 5L B kS Ak & 4 0
4 . JFELIELEE Ry 900 C LI EE N 2.93 m/s B B T8 B I0 N ) B AR AR b R B EE 2,4 38 IAEAE 7 A4 R i
SR 1Y T BE M
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il HGEFLAY TC4 1 TAL TREE4E MR 25 /N T 0.5 %, AN I 5] BE R 25 <<10 %0, SBHLZE R & .

PR REAEMR M HGESL DT T LU T A - B e WS B TC4 Al TAL o484, Ho™ whRe % 5 5 5@ # b
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