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Effect of Manufacturing Conditions on the Properties of Ti-6A1-4V Seamless Pipes

Atsuhiko KURODA, Tomio YAMAKAWA, Keisuke NAGASHIMA and Hiroki K AWABATA

Synopsis : Ti-6Al-4V seamless pipe was manufactured by the inclined rolling process to take advantage of its higher productivity than the conventional

hot extrusion process. Properties of the rolled Ti-6Al-4V seamless pipe was investigated. Also, the pipes, extruded at alpha+beta phase tem-

perature and beta phase temperature, were compared each other. The inclined rolling process was successfully applied to produce Ti-6A14V

seamless pipes. The pipes possessed uniform fine accicular microstructure and no surface flaws. The balance between 0.2% proof stress and

elongation was optimum in the rolled pipe, followed by the alpha+beta extrude pipe with elongated primary alpha phase, and the beta ex-

trude pipe which consisted of coarse beta grains with accicular structure. Crystallographic texture was weakly formed in the rolled pipe,

which was similar to that of rolled plate. Similar, but slightly intense texture was formed in beta extruded pipe. Tensile and fracturing proper-

ties were isotropic in the rolled and the beta extruded pipe. On the other hand, intense texture was formed in the alpha+beta extruded pipe. C

axis direction of titanium alpha phase was intensely orientated to both the transverse and the longitudinal directions. Tensile and fracturing

properties were anisotropic in the alpha+beta extruded pipe, due to the intense texture formation. The degree of anisotropy in the properties

was correlated with the ratio of the C axis orientation fraction, regardless their manufacturing processes.

Key words: rolling; extrusion; titanium base alloy; strength; ductility; toughness; texture.
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Table 1. Chemical composition of the materials tested
(wt%).

Process Al \Y Fe C H o N Ti

Roliing 6.45 | 429 | 0.18 | 0.01 | 0.002 | 0.19 | 0.008 | Bal

Extrusion | 6.35 | 4.15 | 0.19 | 0.01 |0.002| 0.19 | 0.011 | Bal

(b) T direction

Fig. 1. Configuration of fracture test specimen.
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Fig. 2. Macrostructure on a quarter of cross section of
Ti-6Al-4V alloy seamless pipe, manufactured by
the inclined rolling process. 978K annealed.
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(a) 978Kx3.6ks,AC
(b) 1223Kx3.6ks,AC

(c) 1223Kx3.6ks,WQ+813Kx14.4ks,AC
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Fig. 3. Microstructure on longitudinal section of Ti—6Al—
4V alloy seamless pipe, manufactured by the in-
clined rolling process.
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Fig. 4. Microstructure on longitudinal section of Ti—6Al-
4V alloy seamless pipes, manufactured by the a+ 3
extrusion process.
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(b) 1223Kx3.6ks,WQ+813Kx14.4ks,AC

Fig. 5. Microstructure on longitudinal section of Ti-6Al-
4V alloy seamless pipes, manufactured by the f8
extrusion process.

Table 2. Room temperature tensile properties of Ti—6Al-
4V seamless pipes.

Heat 0.2%Proof Tensile Elongation
Process Direction Stress Strength
Treatment *’ [N/mm?] [N/mm2] (%)
(Anisotropic ratio=L/T) * 2
Longitudinal 910 1000 23.0
Low @+ B [--mm-eoeeoeabonsoone (0.998) |-------- 0.991) [----mmoeeeeeses
oW B ental | 812 i00s ¢ 195
Longitudinal 849 963 24.0
Roling | High a+8 [-orororen 252, (0.982) [---=- (0.966) |-+~ een
Tangental 865 997 21.0
Longitudinal | 1040 1151 20.0
STA | sl MLa (0.959) |---1--- (0.958) |----- oo
Tangental 1084 1201 175
Longitudinal 922 1016 16.6
Low o+ [--SrnCe | 228 (0.881) |------=- (0.919) |------=omx-
Tangental 1047 1105 16.9
a+B Longitudinal 873 979 20.0
" | High a+p |-oreiE L (0.869) |-+~ 0873) |-t
extrusion Tangental 1005 1121 18.0
Longitudinal 1037 1145 15.7
sTA  |-retne f R (0.885) |-----=>- (0.904) |--------zemme-
Tangental 1172 1267 11.3
Longitudinal 834 964 16.3
Low @+B [--s-roseesencfoeennse (0.994) |-------- (0.989) |-----s-2=eeeees
B Tangental 859 975 15.6
extrusion Longitudinal 996 1132 14.3
STA  |—rominE ) 7 (0.959) |-+:2-- (0.965) |----- 2 0em
Tangental 1173 13.0

*: Low a + B :978Kx3.6ks,AC, High a + B :1223Kx3.6Ks,AC
STA:1223Kx3.6ks, WQ+813Kx14.4ks,AC
* 2: () indicates anisotropic ratio of the proof stress or the tensile strength.
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Fig. 6. Relation between 0.2% proof stress and elongation
along longitudinal direction of Ti—6Al-4V alloy
seamless pipes, manufactured by various methods.
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Table 3. Fracture toughness.

Process Heat Direction of crack progress
treatment *’ | Longitudinal | Tangental
(Anistropic ratio= L/T)
Low a+8 49.9 B 51.5
(0.970) * 2)
Roliing High a +8 713 ; 77.2
(0.924)
STA 406 i 499
(0.814)
Low a+8 391 i 493
(0.792)
. a+B - ;
Extrusion High ¢+ 8 46.5 . 59.3
(0.784)
8 Low @ 555 i
(0.978)

% : Low a + B :978Kx3.6ks,AC, High « + B :1223Kx3.6Ks,AC
STA:1223Kx3.6ks, WQ+813Kx14.4ks, AC
* 2: () indicates anisotropic ratio of the fracture toughness.
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(a) Rolled pipe, Annealed at 978Kx3.6ks

(b) B8 extruded, Annealed at 978Kx3.6ks

(c) a + B extruded pipe, Annealed at 978Kx3.6ks
(d) @ + B extruded pipe, Annealed at 1223Kx3.6ks

Fig. 7. (0002) pole figure of Ti-6A1-4V seamless pipes.

Table 4. f-value, measured in Ti-6A1-4V seamless pipes.

Heat Directional area
Process
Treatment *’ Radius Tangental | Londitudinal
Low a+8 0.36 0.31 0.34
Rolling High ¢+ 8 0.35 0.32 033
STA 0.36 0.31 0.34
Low a+8 0.35 0.46 0.18
a+B

Extrusion High a +8 0.36 0.44 0.20
B Low @ +8 0.37 0.30 0.33

*: Low o + B :978Kx3.6ks,AC, High a + 8 :1223Kx3.6Ks,AC
STA:1223Kx3.6ks, WQ+813Kx14.4ks, AC

72o ZAUIHHH U ISR Iz pHHOE AL R HLE
BTEREL-ERIZKIEDLEEHLNS,

at+BH LM TREFEOME A, BEORFHAAIL LV
BOYEAED S LA RN 20 F @2 O = HE
ANERL TS, ke L TERETO cCEinEMRE A
B, BOWELSHBIER I TV 5, (KR ot B
TIHERVELERS, BH LM & L <, FoMREmIC
HMOERBRE S TFETIEAIEMTH S, fEOHIE/SRE
ZBEWT KR o+ BRESIBRICHR A AD FEREL, Z
DHENZ CEIOEMBA AR K> TWB I Lrxbr b,
—%, Bt o+ pBEM A HE L THINT ol & S84 % &,
Fig. 7 DE AR ESL R TIXME F RO EREMERE KT
L, RFHAOEMBESEML T35, L2L, fED
HIEIZ B0 TR o+ SRR & BiE o+ BBESIA D &\
PIZCHOAMBGE LTHELERIZOOALEL -




2o Thbb atfIH LMOIL LA BN K725
PIZHHT B CEO AR IE, SR o+BREMIZK 54
M AR P Sl FE R L AN BR  BDIAd 5 Z & &R
I 5RERE L5 72,

4, BE

4-1 ESETEREMO IV OB

EFENFIEEIC & 38 X h /- Ti-6A14V & & E EE 1T
SN ERbE %<, £ 25ERME LB E+HaRE L Ty
57, LZzhH->T, Ti-6AI4VAEHE EEOELE 4 /R
DOEERE Uk S ERNEEEICRE T2 2 LT TH
5, Zhizkp#BBHLETLELZY L v FO FIUN
TOAREE D, EEMESHOORERBFETE S,
% 2 Ti-6AI4V AT RBBTOMIENRZ L WZDIZ, ¥

A= INEEIEBARBMIARAETSH S, ZD7D,

HE, RIGEO[ATHR LEL D HHE DK E WERE
MEENEHTES AU v MEkEWN,

EFHEHEEIC & > THE L - Ti-6AI4VAEE T I ¥
AR A 2 SEIRAERR & 2 B, Z ORIRRIT pITOmEL,
il KO IEMELE & W - %ICTER & 5 skl A,
a+ BIAHIRER THMEEZ 2T, KOEETHMEEh
726D TH 5B,

Ti-6Al4V A& o+ HEEEHRTOMIIZH T, 8
RFIEIERI O Z8) 4~ LB 2 B SIZRE I 2 20w 2 L 23%F
EN TS0, F-etiKMlfk % o o+ BRIRRICER T S
12id, 60% L EOMTE % o+ BHEIEBERTME 5 Z &4
DBEL XN TW3Y, SHIAEL - ERELEEIC & 5 RE
MTiE, o+BHERES TORMEGORL D EEMTE
[= (R D HEZERG O R Wi A8 — AL 0 [ E BRI T /%) 788 0 e
HERT O R EUTIFE X 100]1038925% TH 5, T DM LE /)
NIz, R A b T o o 7, ERVEER
IZE B Ti6AIAVAEDHE TIIRODIELEIZE T 5 a+p
MRERTOMLEAKE LR nzois, B0/
i, EITRR a+ BRESATE L 72354, TRl e SHIRHL
LEBEDEEILND,

— A Ti-6AI4V A EDOFEM 5 £ TIRF#HO I s o
MEArZEE L Eh5b, ZHIISE o SRS EHAH
Mk d, BEMMEARIBHMEL2ENDEI 2L TH
320, —F/, SOREELZER» S, HRITEEICL DR
BIAEEE o+ B XG> T EVW_ DD, HEE - I
WDINT v Z3EH o+ pHEE L D a+ SR LMED
BhTn3, ZHIFMERIEERIC K 38EHMO I 7 ol
PR LML EMHr T EICKB,

Ti-6Al-4V #EM T a+SHEEEEH T+ 2L %M
A, o+ BT 3L nYEE LWL ShTE £,
ZOBHARBETEIMIIDEREEN 1 EBND,
B TOHEEM L TIIMBOM KL A BBITHEITT 5720

13

Ti-6Al-4V A &/ H BEDORMIZE 2 2 8LERFORE

ThH b, Ti6AI4AVEED BHIEEEIZ 1T 5 SRR ERK
EME I 2RANCL 2200, RO THEND, LTS
HRES TOSFEMTIZ L 04K L 72 3 7 oK%
HERFEAE R OZLIIA D, 2D, BB ISIZMEL
ENTMT 2520 = 8EMITH K 2 sHIRMBE 20 2,
o+ B HEIRE I T ERE N L & AT M 2 e o+ BRERR A
EOHDITHANRT, BWIMHEDS 5, &< ITEELES
WREK B,
—HIBFVELEEIZ & 2508 T3, BMISEKRDEER £
Y FIZ& D 105710 EAEE THEEICMN L A& 52
3, ZD70 Ti-6Al4V AL A EFNEE S THE T 515
AT, MELERE A PRIRE I T H - T & EMmh3#E D
HIEEREL B EV, X SITHMERIC o+ BHIERE IR
TROFEEARZITA I L&D, #EICk->TREHENS
LOIZHAT, s RMBESITER EN5EDTH 5.
PLEX D Ti-6AI4VAEE T, EMAB S -1 M
%) o+ SRR E T ABENDH D, ZDDITIE at Bk
TOHETEETCHIEMILEA252 52 &AM EE Sh
T2, L2ALZhEEAREOBOEELREREE L
LS TREANODBERNGTH 5, ¢HRHBTH - T &R
DM TH NI BT L ENEBL I EATRETH S Lp
SEOKRETTHBL 7, L7d-> T, EEHEmERE L EER
HEOBOMLEARAT 554, MIKETHO I 2
BIIpT L FHat+ B TH D MEI L VWEWNZ S,
4.2 HEAHEBERFUORBE
{EFHEIERIZ & 2 REM TIIMT AR £ 2L 7 0 — %R
JEHEAF & R 5 & DD, EAMBRISRIELA & T IO HE
BL BT, TEMAMT 2 OMEFIEEREIC & 5 5%
THERIN TV B A, Ti-6AI4VIEHEEIZB TS IH
MThd, Thabd, BREFAMEFITEAMNE XVED
FERFE» S EELEF A 20 E 72 R CEIDEE D
FHET D, Thoidndhd Ti-6AI4V A ESDOIRELHIZ
BT 5 pHEMEEAMMIE TS0 TH B Y, SHFEL
FAERVF LA & 5 SUE M T3 e fLIETE & FE(dEZE A% BAH
BERTERI N TS, K0 EEX o+ SHEEE R
TH5H, BMEEE TH 5 122K TIX HDILENEF L,
MO ZORER T LHOEEIA ol L D BN 22019,
BROFEMETOER L BHOER K EhE 55, ZO/BR,
EAMERE L CBEREOEAMBATER ENTNEEDL
EZohb, 727 LVERRE K, EHEAIA LS
BOWTHELLL->THD, EAMEMOTRIKESL L TIZSH
WEDEWVZ B,
BHOMEORFEEEAMEBOBERERE T 5.
Ti-6AI4VAEEFIRIZE VT oD EEN 0% LI EA K
WTH, POFERTIE OB NEBEMIZET 519,
FF 4 O oI CEIE FIT A ARG TR A k%
Wz, BIHEANOEELARETH S, ZD2H5ED
AARRICKT SBMAOMEOR A, WEHRIZKS

875 I



. 876

£ & 38 Vol. 85 (1999) No. 12

T 7 T T T T T
@ @ Rolled
o 1 A o+ B Extruded S
73] W B Extruded ot
- e
g e o
o E - -
— - .
ow o -
9{ e e
T . -
Elogd .- - .
26 A .
o A7
k]
Q2
c
<

0.8 1 L 1 ! 4 |

Y04 0.6 0.8 1 1.2
Accumulation Ratio of C axis
(L)1)
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alloy seamless pipes.
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