55 40 45 6 W g fl %K Vol. 42, No. 6

2021 4E 12 A IRON STEEL VANADIUM TITANIUM December 2021

TC4 %k/\éé MIG kﬂy%,miﬂ
B0 M geft 3R

T L, R A&,k R, X%, HEL, LRA

([ e Bl B T o Be, WL 773 315103)

& E: X TC4 8k A4 MIG SRR I TAR R A B, SR AT LIS Pifd, oids . &40 B iksteskit iy
BRGS0, A RIS T 2 BRAR N . HEVHL ) PR RE R o 25 53R A R4Sk 2R 5 A B 166 )
FRAXI I FNIN IR 5% 42 107 7 - SME B R [ K 74.2 MPa Fll 70.1 MPa; AR P IR SL BEAF X K atp B4R, 1R 451X
o IR AR LY, IR IX R o F o TRAHSL. AL, BEE FAAb B A A A A 38 0, JR4EH 4L B4R
of T TCAARE AL, oA RO 38 T00 oA A Ak B S K I el e 57 2 R A A, B30 B FBEAT o 7E 650 C+2 h (34
IEIET 2T, B AP B R A BURZS P57, W5 2Ok I 2, AR IR A [ B4 % 3 h, dRoRDRHR L (P 3R EAIT
Bk R DR RS RS IR BB 1Y 95%, SRR A B S HE kAT 2L, é/ﬂnrﬁlﬂiﬁmﬁtmﬂk* ﬁﬁ)f?l&,
KR TCA B 54 MIG U8 185 b 3, 2= PERg; Wiz 4

thE 425 : TF823,TG456 SCEFRRERE: A MBS :1004-7638(2021)06-0164—07 4
DOI: 10.7513/j.issn.1004-7638.2021.06.024 TR (5IRRRS) ¥RRES (OSID) : 3

Research on microstructure and properties of TC4 titanium alloy MIG
welded joints after heat treatment

He Yifan, Chen Donggao’, Zhang Long, Wang Dafeng, Shao Zhiwen , Ma Liangchao

(Ningbo Branch of Chinese Academy of Ordnance Science, Ningbo 315103, Zhejiang, China)

Abstract: Post heat treatment processes had been carried out on TC4 titanium alloy MIG welded joints.
The effects of different heat treatment processes on residual stress, microstructure and mechanical prop-
erties on resulting TC4 titanium alloy MIG welded joints had been investigated through the blind-hole
method, mechanical test and microstructure observation. The results show that average transverse resid-
ual stress and longitudinal residual stress of the welded joint after post heat treatment are reduced down
to 74.2 MPa and 70.1 MPa, respectively. The base material is a+f lamellar structure, and the weld joint
is a' needle shape martensite structure, the heat-affected zone is a mixed structure of o and o'. After heat
treatment, with increasing heat treatment temperature and prolonging time, the acicular o' martensite in
the weld structure becomes coarser, and grain size increases. For unheated-treatment joint, tensile frac-
ture position locates at base metal, indicating higher joint strength compared with the base material.
When the weld joint is subjected to a heat treatment process of 650 “C+2 h, the elongation of the joint is
higher than that in the unheated state, and the fracture mode is a ductile fracture. When the holding time
is extended to 3 h, the grain becomes coarse, and the elongation decreases. The impact energy of the
welding joint after post heat treatment at room temperature can reach 95% of that of base metal. The
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post-weld heat treatment can soften the welding joint, resulting in lower room temperature impact en-

ergy than the as-welding joint.

Key words: TC4 titanium alloy, MIG welding, post-weld heat treatment, mechanical properties, micro-

structure

0 5%

TC4 kA4 atp P RAR G 41, BA HL ok
BEwRT . BUSELE | AL A, FEARZ SR
TR A S TR AR, e AR A2 AR
P N Y R EEME LR, 2 A B R AR,
JEERORE Sy e o B B AR R BORN S K i,
SR FR A N T Bl 3G, 7 KA 4 il
FITERE, PRIt R AR A AR gl 3 R 23k R A 1 1
RIS P

CABFSEY F, MIG 4538 1 SR L 45
PR T | 16 22 S S B, v SEIVER A 4 i
L ERCRIREE B TPRASR A S n R TR IR,
B RE/IN, TR BB b A R A R, iR X A
B, SR BUIR, 728 HIHE B F P AL R R
RAFNRE, TR G, 13k sk A
N1 RRAREESL R RE L 2 7= AR 248 PR
Bk AR, s AN SR AR i
(IR KT8, P9 T8 KR X TALS $k4 4t
HLVRPERE RS o (8] 25 A1 SR F XU R KRN
—YGB K TG T Wikt T 2% TCA kA 430

MUCA S e % o7 PR RE s . ksE R AT 7R
NI R[] R % TC18 Sk 4 AT ELZs F2 1% T
IR KANEE, F5E TC18 Bh & 4 HLAs K iR KT G
FRAYN AR, H BRI F TC4 £kA 4 MIG &
BN AR HR A AL 20 5 M REAR S e+ A FR,
D] MR BN R AR BRI R 5 R A3 0 1 S AR B (1)
PG HERERIFRAMIT

2 VR Rl A 31 T 200 TC4 Bk 418
RS A TR AR B G, W o8 RS P B T2
XTREEEFR AN T T BRAE T Xk A 2R )
VRO, 12 TC4 K& S0 &S b
FHE L

1 RBARE &

R TC4 8k A & MOk I F Pa ekl A
BR 35 AF A 7], BEA B . 300 mmx150 mmx15 mm,
P AR ALV I, B 1 mm, 3% A EE 70°, 15
FEM B E AR 1.2 mm [ TC4 M2z, RAH4EE K
99.999% W HAT PRI, K 30 L/min, R
T 0 A S AT B A M AT AR AR LA
Fronius TPS-4000, %% T AS5LE 1.

#1 TC4H%AE MIG BIEETZEY
Table 1 Welding process parameters of TC4 titanium alloy MIG welding
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Table 2 Process parameters of vacuum heat treatment
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Fig. 1 Typical joint area and its X-ray image
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Fig. 2 Residual stress values of samples under different
post-weld heat treatment processes
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Fig. 3 Microstructure of TC4 titanium alloy MIG welded joint
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Fig. 4 The microstructure of the joint weld zone under different post-weld heat treatment processes
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Fig. 5 Tensile properties of individual joint under differ-
ent heat treatment processes
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Fig. 7 Tensile fracture morphology of samples under different post-weld heat treatment conditions
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