55 43 55 1 1) W g fl %K Vol. 43, No. 1
202242 A IRON STEEL VANADIUM TITANIUM February 2022

BEE TC4 KA €A RERE S 1T RE AT
it

T oA, FER RER, INEE
(1. IR S R R TR, RS 25 FA 413057; 2. FA/RIE Tl K2 (8, LLZR B 264209))

B E:TC4 BB & M T2 AR N5 — E 2 B N AN )2 56T, 48R T HRTROLIE T 200 e
TC4 BRA B ILITR . AR R A ERERZ M BT R . a1 BB T O T 22X ARG LR B2
5% 0 A SUR AR AL, JEXTRR AR LT AR AL A SR AR HLBIREA T T 8. B9 R B, SOLI AR 88 I LATI AR
F0 78 A S B R TR A 284 S B R i TP O AR RL FLI AR B A 1 s s St A S fin 2
SR B S AL, R S E TP EDIR S IRIR oA R AR, JOR a, FIBLIG o AR 32 2RO BIVEAR; NXT
JCREIBEAT A AR, DAL S PR AE 7 I P e M o

KRR TC4; WOLKRE; R4 LR, WS Ji2#PERe e .ﬁi
RESHKSTFR3TCAS6.T  THRETEA  CEHS:1004-7638(2022)01-0053-14 FEEERER (5 ¢
DOI: 10.7513/j.issn.1004-7638.2022.01.009 FRRHE (FiRARSS) #RIREG (OSID) : fmp §§
LEl
i

Research progress of weld formation and performance control of thin
plate TC4 titanium alloy by laser welding
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at Weihai, Weihai 264209, Shandong, China)

Abstract: The research on welding process and weldability of TC4 titanium alloy has been widely con-
cerned at home and abroad. Therefore, this paper mainly reviewed the current research progress of the
effect of laser welding process on the geometrical dimensions, microstructure and mechanical proper-
ties of thin plate TC4 alloy. The weld geometrical dimension and microstructure transformation as well
as the related mechanism were analyzed and discussed. It is found that the change of weld geometrical
dimension is mainly due to the variation of welding heat input, which leads to the change of laser weld-
ing keyhole shape and mode. The increase of welding heat input causes the transformation of the micro-
structure. The acicular martensite o' phase is the main strengthening phase, with the blocky am and
Widmanstatten o phase as the main malleable phases. The laser energy should be strictly controlled to
improve the welding quality in actual production applications.
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Fig. 1 Physical processes of laser of different intensities acting on metal surface
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Fig.2 Schematic diagram of keyhole penetration mode and weld morphology
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Fig.3 The influence of welding speed on weld geometrical dimension
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Fig. 4 The influence of laser pulse process parameters on weld geometrical dimension
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Table 1 Comparison of the geometry of the molten pool for various welding speeds

ST EEEEE/(mmin ) BSETIE/mm BAEEE/Mm  AERXGEE BUFE=1 mm)mm G X R (RURE=1.5 mm)/mm
1 2 1.51 SEANRIE 0.86 0.79
2 43 1.26 SEANRIE 0.74 0.7
3 6.2 0.93 0.89 0.59 0.48
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Fig. 5 Variation of hardness distribution
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Table 2 Tensile mechanical properties of welded joints
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Fig. 6 Mechanical properties of weld metal with different welding speeds
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Fig. 7 The effect of welding speed on the microstructure and hardness of the weld metal"
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Fig. 8 Microstructure and Vickers hardness changes of welded joints under different heat inpu
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Fig. 10 Schematic diagram of TC4 titanium alloy microstructure transformation
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Table 3 Laser welding process parameters of TC4 titanium alloy with different thicknesses

SRS
5 JEE/mm H AR 27 30k
WOEThZ/W  BESEEE/(mmin)  EAER/mMm SRR
1 0.5 LI IN 2019 430 1.5 3 Ar [15]
2 0.8 7L IN 2007 1300 3 0.5 [60]
3 12 [iS P IN 2019 1200 15 3 Ar [70]
4 12 = &N 2020 1200 1.4 1 Ar (8]
5 2.0 (R 2009 2500 6 He [54]
6 2.0 Campanelli .et al 2015 1200 2.25 Ar+He [63]
7 2.1 B AR IN 2017 1550 1.5 0 Ar [64]
8 3.0 [ 2014 2300 0.4 0 Ar [1]
9 3.0 EEE N 2017 2300 3.3 0 Ar [12]
10 3.0 ZEIERIAE N 2017 2100 12 0 Ar [14]
11 35 BitSIE N 2019 4000 3 0 Ar [11]
12 4.0 Kose et al 2017 1500 0.36 He [51]
13 4.0 IR EIN 2021 4000 12 0 [16]
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Table 4 Mechanical properties of laser welded joints after
multiple heat treatment
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Fig. 11 Average hardness of the three different zones in as-welded, SRA, and STA conditions”™
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