55 H3M @"2%\ Vol.55 No.3
202543 H Electric Welding Machine Mar. 2025

DOI: 10.7512/j.issn.1001-2303.2025.03.07

12 mm JZ TC11 3Kk & S HL AR R 2
JIAPERENTSE

X g, R M, A AR, OB
1. bifg TR RSE MRELE 5 TR, BifE 201620
2. TIRRE: MPRRLS= 5 TR, V15 FEYT 212013
3. E TR GG HUGHIRE T 205, )il 48FH 621900
W OE: ARASEALSETF RIS 12 mm B TCI AR AT I35, A X 5 S AR AU I 4 1 36 R & 34T
K, Ak R AR IR A AT IR AR A Sk B R AT LA, AT R B AL R 64 o A ALAE i ad A b X B | AR E 3T )
FORE R AT K, A B 2R BB R R S AP B o Bt — AR, AREAY, AT RS KRR
I, TCI 4k -2 B A LB A R B R T #9 S 4h a A0 12 B AR, BB A R ML LB H FAT KRG Kk o', £
ek HILRE AWM R Ko, F4BAAE A Ko R BARASEL, A HIL— 5w TR RS 4 BATAL R
o R AR n K 2MAR R F THM R, R P E S TIFE LRE T XA TI17
AL AR IR EAR T HA B o WAL A B AR, A S A ey a4,
K TClIAKE4; &F RITH; MM, ke
FEDES: TG456.3 SCHRARIRED: A XEHS: 1001-2303(2025)03-0058-07

Research on Microstructure and Mechanical Properties of Electron
Beam Welded Joints of 12 mm Thick TC11 Titanium Alloy

LIU Haikun', ZHAO Jian', HAN Ke¢?, LIU Hangtian', WANG Qun’

1. School of Materials Science and Engineering, Shanghai University of Engineering Science, Shanghai 201620, China
2. School of Materials Science and Engineering, Jiangsu University, Zhenjiang 212013, China

3. Institute of Machinery Manufacturing Technology, China Academy of Engineering Physics, Mianyang 62190, China
Abstract: The 12 mm thick TC11 titanium alloy plate was welded by electron beam welding machine, and the internal qual-
ity of the weld was examined by X-ray detector, the welded joint was observed by super depth-of-field microscope to ana-
lyze the distribution pattern of different tissues, and the mechanical properties were tested by tensile test and microhardness,
and further observed by scanning electron microscope on the microstructure and fracture morphology. The results show that
the welded joint are well formed, the TC11 titanium alloy base metal organization has two different sizes of equiaxial a
-phase embedded in the B matrix, the fusion line near the alternating distribution of acicular martensite o, in the weld ap-
pears at different angles of the lamellar a-phase, equiaxial B-phase and lamellar a-phase composed of the metastable state mi-
crostructure, as well as the emergence of a sub-micron level equiaxial B-phase composed of a fine crystalline band; welded
seam zone and heat-affected zone microhardness Slightly higher than the base metal area, welded seam middle hardness is
slightly higher than the weld upper and lower; tensile specimens are fractured in the welded seam, the tensile strength is
lower than the base material; The fracture morphology is tough fossa-like, typical of toughness fracture.
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Table 1 Chemical composition of TC11 titanium alloy (wt. %)

Al Mo Zr Si Fe 0 C N H Ti
6.08 3.5 154 03 <023 <0.065 <0.06 <0.0075 <0.0019 F|4x

50 um

E1 TCU#SEEBHMEMALR
Fig. 1 Microstructure of TC11 titanium alloy base metal
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Fig. 2 Sampling position of tensile specimen
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Fig.3 Dimensions of tensile specimen (Unit: mm)
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Fig. 4 Surface molding of welded joint, cross-sectional morphology

and results of X-ray inspection

2.2 MWMAR

TCI1 A AL M S A LUK S iR,
A LLE RS SR B S H 2 K] Sa AR AR
A1 2N 42 AH AL 21, PG ] XA 7 AR 48 I & 4 ab
SRS A AR AR SR 5 S AR SO R T
EBW fig i %% i ey 2 AR v, {HL g IRk R it ¥ ) 1
AR IXAE 22K G 0 B ) KR A0 N 3 T ORI
TRBERARE | [z R, o MR AR SR i B A



553 1]

XHEH, 45 12 mm J2 TC11 3k A4 T AU L A U 12 MR RERT ST 61

TEPCE AV A A, ARSI HHEHIR o A, (iR T ¢
I o R e B, AR S B A H B AR TR O R i IR
AR (o), FEAE T o) DAy Bt e DR 1o, B 445
M2 i A5 L TR I ELRY T 1] BT Sb AR 4% R o A1
R a A, LSRR L AN [R] # J5E 4
LR

(a)fPaE 2=

(b) ARLE R P T
5 BERSAAR
Fig. 5 Metallographic organization of the weld zone
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Fig. 6 Metallographic organization of the weld zone at different mag-

nifications under scanning electron microscope
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Table 2 Tensile test results

2151 i 2/% BUPissE/MPa Jeb IR5H /M Pa
11.1,10,6.2  802.3,766.7,811.8  724.0,686.0,743.8
(F59.1) (°F-44793.6) (F#717.9)
125,122,7.8  791.2,772.4,800.1  725.8,694.3,732.2
(°F3#10.8) (°F-34787.9) (F¥#717.4)
13.3,11.1,10  805.8,774.9,803.9  727.4,662.6,713.3
(F11.2) (F-44794.9) (F#5701.1)
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Fig.9 Morphology of tensile fracture.
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