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Study on Microstructure and Properties of Narrow Gap Laser-MIG Composite
Welded Joint of 60 mm Thick TC4ELI Titanium Alloy Plate
LIU Jia, SUN Qi', YU Wei'?, CHEN Liyang', LIU Haibin!, YAN Yangyang*?, ZHANG Hao'
DU Zhibo', WANG Weichao', ZHANG Yaong'

(1. Luoyang Ship Material Research Ingtitute, Luoyang 471023, China; 2. National Key Laboratory of Marine Corrosion and
Protection, Luoyang 471023, China)

Abstract. In order to promote the development of high efficiency and high reliability welding technology of large thick
titanium aloy plate, the narrow gap laser-MIG composite welding technology of 60 mm thick TC4ELI titanium aloy plate
was studied, and the narrow gap TC4ELI plate welded joint was obtained. The microstructure and mechanical properties of the
welded joint were studied. The results show that the weld and HAZ structure of TC4EL| titanium alloy narrow gap laser-MI1G
composite welded joint are mainly composed of acicular martensitic o' phase, acicular o phase and a small amount of
intergranular B phase. Under the influence of multi-pass welding heat, there are also lamellar or massive o phases in the
middle weld and HAZ. The base material of the joint is a+p phase bistate equiaxial structure, and the structure distribution is
uniform. The average tensile strength of different layer of the joint and the tensile strength of the metal deposited in the weld
center are higher than that of the base metal. The microhardness and impact absorption energy of the welded joint from the
weld center to the base metal tend to decrease. The bending performance of the joint is qualified. The narrow gap laser-MI1G
laser welding technology of large thick titanium alloy plate has a good application prospect.
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Tab.1 Chemical composition (wt%) and mechanical
properties of TC4EL test plate
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Tab.2 Welding process parameters
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Fig.2 The appearance of the weld
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Fig.3 Macroscopic metallography of cross section of the weld
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Fig.4 Microstructure of the base metal
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Fig.5 Microstructure of HAZ around base metal of the joint
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Fig.6 Microstructure of HAZ around weld of the joint
PG e XCTE B X, X R MTEHOE -MIG &
ARt R TSR S TR S XA e A A
PARIRAAAEZE 5, (HRAS JELBETT 0] 3 Bl AR i #A2
M) XS M AN K, I RS ) X A L4 5) g i A 6
R AR TR 2 A, 5 Sk I AR S A FRR i X ZH 2

<84+ http:/ivww.riggy.net  rjiggy@vip.163.com



http://www.rjggy.net
mailto:rjggy@vip.163.com

PIMTTZ
Hot Working Technology

RAET BENTEEEERMAE, MK 6(a). (b)AT LA
i, TR AT ARG I XS AR EE AR
AR o EPIR o AHATZ G A TR B AHZE AR, 2 B3
3 B IR SURRE , [ ] DL 2 B0 2 A B 4R B Al
FA S AR A PREZ R X A7 iR AR A RE A AL 2
SV e AE R T KA TR S AR AR Y i A A IR B
A FESER A H i R b, B AHLUAE Y U A8 TE it 1
AR 75 07 s S IOAA o, EAEACIRAE K B
TERGG B A, Ko UrE 10:1 DA b, 7RG B AH MR
RN AT LA A B 2 AR o FHACHS A, IR
O o FIERIR o MHEA DA B A 9, HIE 6
() (d)AT LAt , B i A P i X 4 AH ZH 2
FHER o # R o« *H?Hﬁi,ﬁlﬂ&ﬁﬁ&“%ﬂ@
AR o FERIE] B AH X 3B T B AR A

i) [X. 52 3 5 B3 50 22 1B YR B IR, A —E
58 4R KON A T3 R T I KR A A i X 3ok
TIN5 AR o' AH & AE S0 AR TE BT IR o 4 TR1 S 340
IR o A AR RIE BUHOIR o 4, ZIE MR EREA
AT TCAELl EZ M B T — 25+
P, ST RANEBIIEELEK, F2E o
AH ARoRE RUST B8N B30 04 dioRi AE BT, e k™ 2E AR
PR A HER o AH AL, PRI r () 4 T8 3 AR 4%
TG DX B S BTG, B S5 49,

] 7 Rk R 1A AR I B 2 X ) 4
AHZHZY Rl DL S A B R AE S5 PG e X 43 A2k B
REIR A2k  ZEMA RS ) [X 58 AR AR X, A DA 4
Tz i, B AR RS A oAb 5 G2 e IX R AR I AR 2 i
AR, R EEEE A LA LIRS IEA —
B, B B i i N S B O3 A 4 IR E TGAA o AH

FERR o A1, o HHZ BI04 25 /0 B i ] B AHS

&l 8 KA A AR T I MRS X Sl iy A AHZH 2 AT
Bl R AR E A AR L A RN
APREFEA — 8, IRAEH S 2 D RAK o A EIR
o AHA D) S TE) B AHZELRR 7F 4 AHEH S ] LATE I
SRR AR B AHBRLR fh A, i A SR aE e iR A
ARECE B AHTRE R HIIR R RN, S IOK o AH—
TEm R B ARG T AR, 1) ik ¥ B K 5 ) 2R
K, T RREE P A IR S A o, KK S
TeE W HE—MGS T 10; £PIR of HAHZESS, 217
AR, AT ATRAE I B IC B T30,
(€) (b)

TR

(d)

E8§%%ﬁEA%uEE%MQ

Fig.8 Microstructure of weld around fusion line of the joint
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Fig.7 Microstructure of fusion line of the joint
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Fig.9 Microstructure of central weld zone of the joint
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Tab.3 Transverse tensile properties of the joint
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Tab.4 Longitudial tensile properties of the deposited metal
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Fig.10 Microhardness distribution of upper surface
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Tab.5 Impact absorbing energy of each region of the joint
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