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ABSTRACT: The work aims to investigate the relationship between microstructure and fundamental mechanical properties of
TC4 laser-MIG hybrid welded joints, and to analyze the fracture behavior of different regions of the joints. The TC4 titanium
alloy butt joints were obtained by laser-MIG hybrid welding and the microstructures of weld metal (WM), heat-affected zone

(HAZ) and base material (BM) were observed by optical microscope and scanning electron microscope. Microhardness test,
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tensile property test and fracture toughness test were conducted at room temperature, followed by observation and analysis of
specimen fractures. The microstructure of WM was composed of coarse B-phase columnar crystals, with o'-acicular martensite
and acicular a-phase distributed longitudinally and transversely within the crystals. HAZ near WM side consisted of acicular o’
phases, a colonies and a few fine massive a phases. As moving away from the center of weld, the microstructure of HAZ near
BM side transformed into a massive a-phase, a few a-collections and incipient B-phase, and eventually tended to be similar to
that of BM. The microhardness values in HAZ reached a maximum, which was attributed to the presence of finer acicular o’
phase compared to BM. The average tensile strength and post-rupture elongation ratio of the joints were 1 020.22 MPa and
7.38%, respectively. During tensile test, the joint primarily fractured in WM. The WM exhibited better fracture toughness prop-
erties than BM and HAZ, with an average value of 87.14 MPa-m"?. The intersecting basket-weave microstructure and colonies
within WM were the primary reasons for its higher fracture toughness. In the process of laser-MIG hybrid welding of TC4 tita-
nium alloy, the presence of acicular o-phase and o'martensite increases the microhardness and fracture toughness of the weld,

but the plasticity is not elevated in comparison with that of the base metal. Hence, a joint with the desired properties can be ob-

tained by modulating the microstructure of the weld zone.

KEY WORDS: titanium alloy; laser-MIG hybrid welding; microstructure; fracture toughness; fracture
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Tab.1 Chemical composition of TC4 titanium alloy and filler wire wt.%
Materials C o H N Al \Y% Fe Ti
TC4 Filler 0.02 0.15 0.013 0.05 6.042 4.099 0.158 Bal.
wire 0.07 0.12 0.01 0.02 5.90 4.00 0.20 Bal.
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Back welding 5 500 12 9
Cover 1500 10 9
welding

i HL - G B L SR 4 Sk 4% IX S A 2t
HXD-100TM/LD £ =X b Sl B 7 422 Sk B ik A 7
SRR I, InERARAT A 9.8 N, PREkIHE R 15 s,
R BRI S A B A A O RIE S SR MER M, TEAR
BETRHS . PR, RER AT, R4S X AR I
b P HEAR AR A A I, B PRI Y 4 R
I AE Az A B S SR B R RN, AAR 2 A4
B B I3 A5 2 () P TR K 0.5 mm R4 LAKR4E S rhus
FPLARE RIS S Bk 17 FAREE X (WM ),
P X (HAZ ) KBEdF (BM) BB R Halhe,

FERIBURENE & R R SHInE 1 s, 76 WDW3100 Hifi
IRIOHL LA 7423 45 X B ) 2= R 37 A, o7 ey
4 mm/min, M GB/T 4161—2007 "817E QBG-100 =543
95 57 I = SR A T AT, S LA S |
e WDW3100 PRl Esg AT X . $G
X AR X = R . I K B %
M GB/T 211432014 { & @ BHERS B 248 1) 5
—iRE T ) U A R e, sl (1) ~ (2)
FiR o

N EC

)
3(\7\‘/) ' {1.99—(@)(1—\;)(2.15— 3'9W3a+ 2\'/\7/";‘2 H )
(33

e Ko WA HE, SRAZE i,
Ko=Kic; SHESHT; WIS ; Fo N5 Ko MK
FREM: B MIFIREL: o b adW ARSI
ay MHIIRREUK L 5 a WFRPRREUK L, H/NET ag.

IRl G 300 LT W BT R AR & =
SVBRREIRT RS TS, I3HT 45 DX B 244 T8

2 HR5SH

21 EUEREBHAR

IR 2 T ESEOAHRHE R SR 2 T 5
WnME 2 s, SREERROE RAF, TR akiE . &l
2 MLAFR R, HER I IR TR R EPIRRFIE, R
i 2 SURFIE T LR 123 400 73 g AR S IX | A2 M) DR R
FAIX 3 ANy, o, SREE X U IR B AE IR b 20
I = BN 1S R TN S 7 0 R Ny 1<% 2 2 N T D N
i X — B SR R AR AR R AR v, AR A T DX ek
ZWOC- IV A IR RS MR EOR 12 XY il L AR
POAE] B AR SE RN E , o AHFEEEALE 0 B A,
FER AR ERAEA T, B AR KRR
AR 20T T R G X3 B A X Y
A IO BA B AV IR, IS BOE 19 kE
R SF /N T AR THUS SR NS5 () o X Al S SRR 4
A5 ] DA 38 T 4 I 1] TR R AT, DA TG 22 Bt AR

:»Z Unit: mm
N K
¢
*® © |
A
: 4#
130 >l 4
h b R R
=, _E‘ == e O 2 i B
Unit: mm
The center|

of weld HAZ

o Kﬁ%% = I
$A_

A | 2

a BURENLE

¢ ZREERERAT

P frale M = 25 R R 7S B A B R
Fig.1 Schematic diagram of the specific locations and sizes for tensile and three-point bending samples:
a) specific locations; b) sizes of tensile samples; c) sizes of three-point bending samples
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Fig.2 Macro and cross-section morphology: a) front morphology of laser-MIG hybrid welded joint;
b) rear morphology of laser-MIG hybrid welded joint; c) cross-section of joint
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Tab.3 Results of tensile properties tests of BM
and hybrid welded joints

Prescribed
Ultimate tensile ., non-proportional
Type strength/MPa Elongation/% extension
strength/MPa
BM 1073.84 16.08 1 048.67
Joints 1 020.22 7.38 1012.27
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Tab.4 Relevant parameters of three-point bending tests

Type Number Fo/kN Fyax/kN Fyax/Fo Ko/(MPa-m'?)

1 5.8272 58326 1.0009 44.89
2 8.0188 8.0188 1.0000 63.07
BM 3 8.6510 8.6655 1.0017 61.92
4 6.1340 6.1340 1.0000 57.32
5 99983 99983 1.0000 67.21
6 94579 9.5387 1.008 6 64.77
1 7.1866 7.1921 1.000 8 67.28
2 97769 9.776 9 1.000 0 80.39
. 3 5.8479 58479 1.0000 64.15
4 11.3575 114931 1.0119 71.73
5 11.6914 11.7834 1.0079 72.39
6 12.0298 12.0963 1.0055 74.21
1 9.8241 10.6258 1.0816 88.13
WM 2 10.2947 10.8786 1.0567 96.31
3 10.4997 10.718 8 1.0209 79.81
4 12.5779 133178 1.0588 84.29
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Fig.8 Fracture morphologies of fracture toughness

samples: a) BM; b) HAZ; ¢) WM
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