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#1 Ti-6321 REEWEMS
Table1 Chemical composition of Ti-6321 titanium
alloy (/%)

Al Nb Zr Mo Fe Si O Ti

6.10 3.00 193 1.04 0.04 0.04 0.10 Bal

®2 BTREEIZSH

Table 2 Process parameters for electron beam welding

U/kV I/mA I/mA o/mm-min’!

150 270 2445 300

TEBEN: & A, 5, 199494, ik, PENE TRRAR S L HERHT, R 9% 471023, E-mail: 15194539792@163.com
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Fig.1 ~Sampling diagram of test plate: (a) tensile specimens,
(b) impact specimens in weld zone, and (c) impact

specimens in HAZ
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Fig.2  Schematic diagram of standard specimen at room

temperature: (a) tensile specimen and (b) impact specimen
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Fig.3 Cross-sectional macroscopic morphology of electron beam

welded joint of Ti-6321 titanium alloy
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Fig.4 Microstructure of the transverse part in the middle of the

joint
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Fig.5 Microstructure of Ti-6321 titanium alloy base material

DR] Sy 25 s 7 08 T4 B 2 7 ) ) SRR K, T[] 4
I, SRS BB RO, B I R, AR U
8D, AR SR AL 0 S TR R R Rk
Kl 6b H AT 6c T AR X 23 AT A H O SR SR AR
W, 2 TR AR PO R Y S I, DU R R
RV AAKT A5 0 P il O B3 A9, mT o DY J 34050 7
K, BRSO, OSSR AN A2
Qb AE T o O A A R T AR K EE R, T
B o, i R R AE 0 BN B2 iR . R
D] Sl FEE o BE /D, A R e A AR R B T 1) K33

A HAR BEBOAEE, AR BV, oS E
&R TR A KGEE . T A AL, &
T 1 A B D) R L YA SRR PR, AT R R O ) o AR G
UL SR B KIR ZAHIEARIE S, EEIs & 2 Ff
ISR N, AR X ) i X
AN R RS R R 21 /)N 328 6k 23 A1

IR R AE X AL B 7 FioR, EEB «
My a LGRS p WA L. HE 7a /T8, p—~a
HARXE] b, o AHAE B St EIERK KR, TERT o
A, o By IGHARTE S AL A%, 3 LA S ) e AR K
TR — AT A HES ) o 1 FOARAR 45 3, B G120,
BT T AR B B, A XA HE R R, B
BRI AR &, g AR R 9 BT AR e & o A
Pk RS A R AT, U ReE I U] AAH AR A B o 1y PG A
MY, KA IIERIR G EARHT 5 AT e, B 7o
hy YL DX EORE P v A A ALY, AR e R R
MALZLKEIR o A1 72 o AHFDEYOR o .

FRE4EIX TEM 412111 8a T, Aotk b it A Ak &
Zin gt a AN SRR — AL I RS R o B G4
A, EHIR o B AR EE 200~300 pm, 582 0.5 pm. [
8b M A N B AT A A JE o A, BESEZ 1 pm, K
JE2) 7 um.

6 Ti-6321 £k & 4 T USRS ZUB N

Fig.6 Microstructures of electron beam welded joint of Ti-6321 titanium alloy: (a) top joint, (b) middle joint, and (c) bottom joint
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Fig.7 Microstructures of weld zone: (a) columnar grain boundary and (b) columnar intracrystalline
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Fig.8 TEM microstructures of weld zone: (a) columnar grain boundary and (b) columnar intracrystalline
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Fig.9 Microstructure of fusion zone
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Fig.10 Microstructures of heat affected zone: (a) near weld of heat affected zone, (b) intermediate area of heat affected zone, and (c) near

base metal of heat affected zone
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Fig.11 TEM image of heat-affected intermediate

zone
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Fig.12 Transverse hardness distribution of joint at fusion width
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Table 3 Mechanical properties of base metal
Direction  Ry02/MPa Rn/MPa  A/% ZI% KV2/]
Longitudinal 854 916 8.0 41 57
Transverse 791 876 9.5 30 42
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Fig.13 Tensile properties of joint
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Fig.14 Impact properties of joint: (a) weld zone and (b) heat

affected zone
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Microstructure and Properties of Electron Beam Welded Joint for Ti-6321 Large
Thickness Titanium Alloy

Gao Qi, Jiang Peng, Geng Yongliang, Gao Fuyang, Yu Wei
(Luoyang Ship Material Research Institute, Luoyang 471023, China)

Abstract: Vacuum electron beam welding was used to realize the full thickness welding of Ti-6321 (nominal component Ti-6Al-3Nb-2Zr-1Mo)
titanium alloy with 94 mm large thickness. The full thickness of the welded joint can be well formed with the method of bottom locking at the
bottom. The welded joint shows approximately parallel weld morphology, and the depth width ratio is about 16. The results show that the weld
center is composed of coarse columnar crystal and internally staggered acicular a and @' phase. The transition is from coarse grain to fine grain
near the fusion zone. The width of unilateral heat affected zone is about 2 mm. The microhardness of the weld zone and the heat affected zone are
both lower than that of base metal. The tensile strength of welded joint is equivalent to that of the base metal, and the fracture occurs in the weld
metal. Both the weld zone and the heat affected zone have better impact toughness. The strength and toughness of the welded joint are excellent.
The mechanical properties in the direction of welded joint have good uniformity.

Key words: vacuum electron beam welding; Ti-6321 titanium alloy; microstructure; mechanical property
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