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Abstract The T—joints of Ti—6Al1-4V alloy are fabricated by double—sided synchronized laser beam welding with

defects is larger than that of the weld seam without the defects under a certain laser power. The porosity defects
defects

higher welding speed is helpful to decrease the porosity defects under a certain laser power.

the homologous filler wire. The influence of the welding conditions on weld defects such as lack of fusion and
in the welded T—joints are mainly the type of keyhole porosity defects under different welding conditions, and the

porosity are investigated. Results show that the lack of fusion defects are determined by the laser power, welding

speed, laser incident angle and position. With larger enough welding heat input (higher laser power, and slower
welding speed), the lower laser incident angle and higher laser incident position are required to avoid the lack of

.

fusion defects. The quantity of plasma/metal vapor above the molten pool for weld seam with the lack of fusion
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Fig.1 Schematic diagram of the double—sided synchronized laser beams welding system
F 1 Ti-6A1-4V & & b2 oy (Bt 22 50, %)
Table 1 Chemical compositions of Ti-6A1-4V alloy (mass fraction, %)

Element Al \ Fe C N H 0 Ti
Skin 6.00 4.02 0.17 0.025 0.013 0.006 0.170 Bal.
Stringer 5.97 4.04 0.20 0.025 0.012 0.009 0.197 Bal.
Filler wire 6.23 4.02 0.05 0.009 0.010 0.002 0.080 Bal.
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Table 2 Welding and high speed video camera parameters used in this experiment

Items Parameters Values
Laser power /W 1400~2800
Welding speed /(m+min™") 3~12
Wire feed rate /(m*min™") 4
Welding process Laser incident angle /(°) 30~50
Wire feeding angle /(°) 45
Shielding gas flow rate in coaxial /(L +min™) 25
Shielding gas flow rate in back /(L min™) 15
Resolution /pixel 1280x500

High speed video camera
Frames per second /(frame/s) 2000
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Fig.2 Effect of laser power on lack of fusion defects of welded T—joints with same welding speed.

(a) 2600 W; (b) 2400 W (c) 2200 W (d) 2000 W

1400 -
—=—weld penetration
in laser incident direction
1200} —e—Jack of fusion defects
El 10001
§4M'
g L
—
200}
0 =

2000 2200 2400 2600
Laser power /W

13t RS i ot o 2 g A8 4 25 Al 1
Fig.3 Sizes distribution with changing of laser power
3.1.2 Wik A RIE S BTG 0 R
Pl 4 2 AN [v) 2 ol P 6 2 3k R I B B B I SE i . TT LR M SO T ROl 2800 W, 48 g K B
HWmﬁi&ﬂ%%%ﬁMJMﬁ%#ﬁﬂ%AﬁMﬂmmﬁgﬂ)Wﬁﬁ%%AﬁMAMmN%%%

0203006-3



S I S
FAARL A8 4 D A B3O 1400 W I, A1 1E] 4(c)  (d) BT 78, AN ] K 42 3 B2 A AR % b 2 1 B T R 5 sk b, O B
T L PEE B R 5 RO R 2 1 R o 1 AR I 4 BAu i A5 06 2 5y 2800 W IR A ], 435311 2 16.8 il
14 J/mm AH A T2 R AR A RCT A BRI B8 o 0 J5UA, — 5 T R T 306 D1 3R BNk B RE £ 4% R A
I, SO 1 28 15 RE 0 B 5 55 — T T, Fhy A 4 R AT, 07 v AR 2 A, AR 22 X O T R 1y i i
T, AR T T4 Sk i BE Bt It 22 AR, {78 2 1 BOR G & iBE , ELR I 5 RS

s ‘ ' ‘ (©) : @ |

1 mm 1 mm

] 4 AN [F) 0 o 00 T R She R 43 BB B9 S0 . (a) 2800 W, 10 m/min; (b) 2800 W, 12 m/min; (c) 1400 W, 5 m/min;
(d) 1400 W, 6 m/min
Fig.4 Effect of welding speed on lack of fusion defects of welded T—joints. (a) 2800 W, 10 m/min; (b) 2800 W, 12 m/min;
() 1400 W, 5 m/min, and (d) 1400 W, 6 m/min
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Fig.5 Photographs of the welding process with different welding speeds: (a) 2800 W, 10 m/min; (b) 2800 W, 12 m/min;
(¢) 1400 W, 5 m/min, and (d) 1400 W, 6 m/min
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Fig.6 Effect of welding conditions on lack of fusion defects of welded T—joints: (a) 40° as the laser incident angle;
(b) 50° as the laser incident angle, and (c) 0.6 mm as the offset to the skin of the laser incident position
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Table 3 Distribution and quantities of porosity defects under different welding conditions

Welding conditions Distribution of porosity defectsby X-ray inspection Quantities of porosity

2800 W, 6 m/min

8

2800 W, 8 m/min

2800 W, 10 m/min

1400 W, 3m/min 13
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1400 W, 4 m/min

0203006-5

10




S I S

E A WFIER T, X TP BRI B WO TR S HE 1k VLB L B 1) 7™ A 5 08 ol 38 2 AR G, 7 4%
HLPE BN I TR B, /N FLBE 14 Jg A 20 2 A A T B BN LR TR R AR S TR 5 /ALY B )
P 28 8], DT 7 A AL TR T T 2R 4 S 4, B 1 AR o B2 A8 2 Wi LA Ol 7 7 00 42 9tk 15 7K P O ) 2 —
SE AT (AR YA T 4 i 1Y 52 AR AS S P O R B R B S NAL IR B AL S PR AR AL S3 A R
A R AR R R T A A% 60 BEL R AR AR M IE 3 ,ﬁﬁleﬁl%}ﬁiﬁﬁﬂﬁAiﬁ‘{tﬁE‘Jﬁ;bﬂﬁ%%‘/@ﬁ%%y\%
0358 1 L 22 5 22 T FEE 5 /0, AV AR R IR o R TR AR, I T R I, SO R R R A
oy AL

4 45 B

1) %FF48 8 R iR G 4 SOGHUHOGRR 3 T R B 0 &, OB A S A B — g B AR 42302 A4 10 m/min
NS OGN T 2600 WE, 23 H A IE G BB 5 TS OG DR O HF 2800 W, KR H2 3 B K T 48 T 12 m/min
BF, B0 G OETI 3R 1400 W, MR E2 38 B K T 5 m/min B, [FAE 25 ARG 6 BB

2) MG — g i IR AE A B AR A A KR R D I b AR R A B AR AR
TG I 2 Bl o 11 R 4%

3) X FH AR B S BT TR NS B BB I T B0 42 Sk A5 4% |, 1 IO A S AR 3 T B IO 1 5 R A 1 g
Bttt s th R IG5 BRI

4) ANRVRHESBOT T R 3k A5 4 v i AL Bk B B A B g /N AL B SALARRAE 76 N 25 BRI 6 Bk B 10 1
B 55 R A B AT R T SR AL I B B SO ) 2R 0 2800 W R AR H2 3 AR T 8 m/min, IO
RN 1400 W B, 454235 B KT 4 m/min,

ZF

5
JEm

i RBRMATMEREIRALASRRAMIBERELELREH R L.

& % x o
1 Leyens C, Peters M. Titanium and Titanium Alloys: Fundamentals and Applications[M]. Weinheim: WILEY-VCH Verlag Gmb H & Co
K Ga A, 2005.
2 Schubert E, Klassen M, Zerner 1, et al.. Light—weight structures produced by laser beam joining for future applications in automobile
and aerospace industry[J]. ] Mater Process Tech, 2001, 115(1): 2-8.
3 Boyer R R. An overview on the use of titanium in the aerospace industry[J]. Mater Sci Eng A, 1996, 213(1): 103-114.
4 Briskham P, Blundell N, Han L, et al.. Comparison of Self-Pierce Riveting, Resistance Spot Welding and Spot Friction Joining for
Aluminium Automotive Sheet|R]. Warrendale, PA: SAE International, 2006.
5 Dittrich D, Brenner B, Winderlich B, et al.. Progress in laser beam welding of aircraft fuselage panels[C]. Temecula, USA: 2008.
6 Schumacher J, Zerner I, Neye G, et al.. Laser beam welding of aircraft fuselage panels[C]. Scottsdale, USA: 2002.
7 Chen Yanbin, Yang Zhibin, Tao Wang, et al.. Microstructure characteristics and mechanical properties of double-sided laser beam welded
aluminum alloy T—joint[J]. Chinese ] Lasers, 2013, 40(5): 0503009.
WREZ T, ko, Bl TE, S RS E T AL E S 0L MO R 25 AR 1 21 SUR BRI B ) 2P BE (D). P DO, 2013, 40(5): 0503009.
8 Chu Zhentao, Yu Zhishui, Zhang Peilei, et al.. Weld profile prediction and process parameters optimization of T—joints of laser full
penetration welding via response surface methodology[J]. Chinese J Lasers, 2015, 42(2): 0203006.
MR, TIRK, BRIE A, A . RE TR N I 43 Y T AL Sk O TR IR AR SE TR AR BT B L2 BB AR L)) b EROE, 2015, 42(2):
0203006.
9 Li K, Lu F, Cui H, et al.. Investigation on the effects of shielding gas on porosity in fiber laser welding of T—joint steels[J]. The International
Journal of Advanced Manufacturing Technology, 2015, 77(9): 1881-1888.
10 Yang Z B, Tao W, Li L Q, et al.. Double—sided laser beam welded T—joints for aluminum aircraft fuselage panels: Process, microstructure,
and mechanical properties|J]. Mater Design, 2012, 33: 652-658.
11 Tao W, Yang Z B, Chen Y B, et al.. Double-sided fiber laser beam welding process of T—joints for aluminum aircraft fuselage panels:
Filler wire melting behavior, process stability, and their effects on porosity defects[J]. Opt Laser Technol, 2013, 52: 1-9.
12 Qi Junfeng, Niu Zhen, Zhang Dongyun, et al.. Control of shaping of welds for CO; laser welding shipbuilding T-section aluminum alloy

0203006-6



S I S

[J]. Chinese J Lasers, 2008, 35(2): 297-302.
WRE, F IR, KA T, % COBUOCIEEN AR A 4 T b Ay 45 4% 8 2 (0], EEOG, 2008, 35(2): 297-302.

13 Duan A Q, Chen L. The influence of parameters on characteristic of the molten pool during laser welding of TA 15[C]. Orlando, F L, United
states, 2009.

14 Gong Shuili, Yao Wei, Shi Steve. Porosity formation mechanisms and controlling technique for laser penetration welding of aluminum
alloy[J]. Transactions of the China Welding Institution, 2009, (1): 60-62.
JUKA), 6 £, Shi Steve. 1A 4 OGRS IR TFLIE UL 5 F2 H B AR [T]. R 22731, 2009, (1): 60-62.

15 Wang Zeming, Wang Jun, Tang Bin, et al.. Effect of welding processing parameters on porosity formation and prevention mechanism
analysis of zircaloy sheet by YAG laser welding[J]. Rare Metal Materials and Engineering, 2014, (11): 2782-2786.
EFEY, EOE MW, E R TESECT A A MR YAG EBOEIRH LI R 5 e R B UL AR BT )] AR S m A RS
T, 2014, (11): 2782-2786.

16 Chen Wuzhu. Quality Control of Laser Welding and Cutting[M]. Beijing: China Machine Press, 2010.
PRECHE . OB 5 DI H TR I M]. JE 5T BLA T Rk, 2010,

EE&HE: Kt

0203006-7



