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In-situ investigation on mechanical behavior of
laser-welded joint for TC4 titanium alloy

ZHAO Xi-long, SONG Xu, ZHANG Jian-xun

(State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In order to investigate the effects of microstructures on damage evolution and fracture behavior in laser welded
joint for Ti-6Al-4V alloy, the microvoids nucleation, growth, coalescence and crack were observed by in-situ tensile test.
The results show that the crack in the weld metal grows rapidly when it nucleates at the twin boundary of the inner grain
and the intersection of slip line and grain boundary. The multi-cracks in the heat-affected zone (HAZ) occur in front of
the notch, one crack propagation leads to the final fracture. When the strain exceeds 0.023, the deformation mechanism in
the base metal and HAZ near the base metal changes from compatible deformation to bluntness and expansion alternately
when the microvoid is nucleated firstly along the grain boundary. The deformation mechanism in the welded metal does
not change due to its coarse martensite and small grain boundary. Therefore, the tensile stress in the welded metal is
higher than that in the other areas.

Key words: TC4 titanium alloy; laser welded joint; in-situ method

BRG 4 T H B R S M BRI 2k R
IS A2 S 1ot [N (e (e 1B A S e o7 e
G M IR S SR I BTEA T, IR Z BT T
KEWFFE. CHAN Z5PIEREST TiAL & 40 KL, 24
Wy AammiRr O B LN ER80ER:, R
¥, A Sk L. CHEN ZBI7ERF 5T Ti-46.3A1-2V-
1Cr &4 1 2R G5 Rm), R BB 248K 5 71 A A 7

e RE o, B IO S A EIE AN, 45
P Sk A XA S o NST A BT AS ], Xtk
T12EPERES B0 ST RAT AR K

K B A6 TR PIERT Y TC4 Ak G SO
Bk, HEHSL AN, AR
T INTE J) 2 OB HH L2200 e MRS R4 280n T Al
daE . WA E RS T X 45 S G-T-N 5

EEWE: EXARBAREE BB H (50875200); HUf bl L bk %t B 5T H (20100201110065)

ks BHA: 2011-03-09; 1&iTHHEA: 2011-12-20

BEEE: RAR, B, Wl fif: 029-82668807; fkFi: 029-82668807; E-mail: jxzhang@mail xjtu.edu.cn



H22 %5 2 B,

TC4 B3 S OLHEEAL S Iy 24T 0 1 AL 5 389

RUORBFF L S A A PES, (H G-T-N 3 B8 T i
25 L& RIR /N B it S A A LR e s iU 5 e Rk s
SEPIR SR B 22 S A S FLIR 0 2447 Dk s, 13
T LI 25 T A A TEAZ T R 418, Wk N i%
L AL & FE AR )2 AN 5 1
PATANKAR “5UOHF 58T 9B AS [R] b )T
TC4 BRI TENT, $E b g/ NPk G 40)
EPERe ) BN, LS5 R0 2 Hall-Petch X & o
IRISARRI 2L & HU A LIUMBWE5Y TC4 Bk 44l
T AR 2R REIT , U] SRR R A< R 1) ) 27
PEREIA E A T AR, LGS I 4% S I R R AR
N 7). CAO Al IAHAZIMLL Kz AKMAN ZPER
Nd:YAG BOGETST TCA BRA G m T, R IL
FORLK (R4 408 1 2 vE R e . il 9T TC4
R GO ) 1 2 R BRI, DA i < g
B e A2 T RELOR B oRE A AT R I B R IR AR AL
AN TRL N TCA KA SO RSk % I
AT JR AT PR, MBS & I IX R AR S 24T
HNTAHRIRN FIE XA

1 X8

SR T A RO ELEIZS TC4 BRE 4, BN
mm, LRSI 1A R CO, WOLHIEEE, W
JeThHN 2 500 W, EMEEDY 0, SRR 1.5

In-situ tensile
sampling position

mm/min. {EHE4E DN Frs U A B0, 3R R
J% 4 0.4 mmo.

F1 TCAERG &S
Table 1 Chemical composition of TC4 titanium alloy (mass

fraction, %)

Al \Y% Fe Si
5.5-6.8 3.5-4.5 <03 <0.15
C N H (0]
<0.1 <0.05 <0.015 <0.2
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Fig. 1 Notch location for in-situ tensile and specimen size (mm): (a) Notch in base metal; (b) Notch in welded metal; (c) Notch in

HAZ
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Fig. 2 In-situ tensile engineering stress—strain curves
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Table 2 Test data of in-situ tensile specimen in different areas

Specimen Notch Maximum Maximum

Test Ar

z:;e m;az/ thickness/ length/  load/ stress/
mm mm N MPa

Welded ) 59 040 112 1647 1052

metal

HAZ 1.715 0.44 0.98 1 638 955
Base metal 1.828 0.42 1.05 1702 931
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Fig. 3 In-situ tensile process of specimens with notch in welded zone: (a) Macro plastically deforming area at 538 MPa; (b) Change

of notch tip at 988 MPa; (c) Change of notch tip at 1 029 MPa; (d) Fracture morphology
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Fig. 4 In-situ tensile process of specimens with notch in HAZ: (a) Local region of notch tip at 761 MPa; (b) Local region of notch
tip at 910 MPa; (c) Local region of notch tip at 910 MPa; (d) Fracture morphology
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Fig. 5 In-situ tensile process of specimen with notch in base metal: (a) Macro area of notch tip at 540 MPa; (b) Local area of notch
tip at 540 MPa; (c) Local area of notch tip at 840 MPa; (d) Fracture morphology
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Fig. 6 Schematic diagram of deformation mechanism in TC4 titanium alloy welded joint for tensioning at strain exceeding of 0.023
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Fig. 7 Variation of crack initiation modes in different zones of welded joints distance from weld centerline
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