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Laser-weaving welding of 5183 aluminum alloy plate with 6. 0)mm thickness
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Abstract: In order to solve the problem of laser welding porosity of 5183 aluminum alloy with 6. Omm thickness, laser-
weaving welding was carried out by using IPG laser-weaving welding head. The test was carried out by changing scanning mode,
scanning frequency, scanning amplitude and so on. The influence of laser-weaving technology on the quality of thick aluminum
alloy welding joint was studied, and the optimum process parameters were found and verified. The results show that the
appearance of aluminum alloy welds under laser-weaving welding is significantly improved. In addition to the small number of air
holes in the linear scanning mode, the porosity of other four scanning modes ( clockwise, counter-clockwise, figure 8 and
infinity) decreases significantly with the increase of scanning frequency and scanning amplitude. When the scanning frequency is
more than 200Hz and scanning amplitude is more than 2. 0mm, no porosity weld can be obtained. Aluminum alloy with 6. 0mm
thickness can be processed as the butt joint with no porosity, tensile strength of 271MPa and base metal strength of 88% , under
the best process parameters of scanning mode infinity, scanning frequency of 300Hz, scanning amplitude of 3. 0mm. The laser-
weaving welding shows a good prospect.

Key words: laser technique; laser-weaving welding; aluminum alloy; porosity; weld strength

P TR KA R A ok BE , WAL Gl i T

il

FABA R HTRH K R 7 2, © 28T 2 B T AL

MEENEAARMmIEE RPN TZ0E WS skt sh U 2 Toll i 07 #2451

i RGNS A A R U R R A R IR

B = X E A& R R B at B (tungsten inert gas welding, TIG) J&EALAR 1 PES ALY
(2016YFB1102702) i (metal inert-gas welding, MIG ) '*' &8 | {&55 (i 435 7

PEHE R ARMIC(1991-) 5, oy, TR, 22
FHROLIFE T T LA R TR

E-mail ; hust_yushiwen@ 163. com

EAURERE S 22 JFESCRAR, I HARIZAE R R
PEREAR o WOCIRE R BT BT % ik 2

R H 5 :2017-03- 11 5 e BE Ok H 399:2017-05- 15 —  HA RS RS R AL 20N H



FA2E A2

AHESC 6. 0mm JE 5183 44 S WO BB T 2058 255

SETERR A A 5 5 R P A E — 6 R ) 5 IR A4 1]
B, R LR IR ALY . AL R
B4 SR B BUB M |10 555 4% B AR TET AR, R HB R AR
FREE I J1 2 VERE RN e

SLAF SR, OEAT Il 19 1 P4 02 5 R S Mol A 57
T T REMBETE . W54 K2 ZHAO 28 AWFSE T
B HRHR R A O 5 S L A S, & B 42
SOCHAE AT USRI R AL 1SR R ok, 153
I 8 A, XA b ) B A, A R T A 3
SALBUL TSR BAO 45 A EAT TG 2
BB o 0 R N 11 5 4 A L R S R O B 5T, R
i 5 432 S A0 3R (8 1, ook R M e R i
SN s TE R AR IR | Sl AR 5 ST L TG 12
SRS SR A S, TP AR = T 8.74% 7
IR AR B AALTE X 5] B AN 45 JRE M B0 38 B b 2
AT E X O A 2R Bl AL R
R 5 W AR RE 0 T B 4R o 4
SR BGOSR B b R ) B AR T
PRI TR R AL R B T M, 9 BLRE

FETEBIAR A IG I, bl W WA RE S 0L o B AN A
S BRI OB R S AR E AT LU 8R4 6 1
B[ 280, DT 42 iy ST AR P RE

AR, E N ShE AR SR AN B id 223 1
AR 4T B, WO B 22 8 OE-MIG AR
Je-TIC B AR5  (HAR U AR A S IR TR A R
A PRIVEEIE A3 T B, 23 TR IE A SCHR 1 R
DLEIHEATHBR LIX — BRBA I AR5 AR gE . NI, 3%
JCHEBI AR FE R X it b A TR LR S T R A Y R

B[]

AIS o

1 IBHBREERE

L1 sRgewst

SR HTL 6. Omm J5E 5183 474 4k M b BF 58 %f
% AR R ~F 4 100, Omm x 150. Omm x 6. Omm, 3R F
WDW-200E fhiL 4 i i =X 7 AR 30 AL 453 e hir
53 S 30TMPa, AL 7 5 AN 1 Bis o S8 rpoxt
PR T2 Rl AUAR 25 G B AR B] I8 T TR
HT g

Table 1  Chemical composition (mass fraction) of 5183 aluminum alloy

material Si Fe Cu Mn

Mg Cr Zn Ti Al

5183 0.0040 0.0040 0.0010 0.0040 ~0.0100

0.0080 ~0.0120

0.0005 ~0.0025 0.0025 0.0015
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Fig. 1 D50 welding head and its five different forms of scanning mode
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Fig.2 Sampling method of porosity
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Fig.3 Selection method of tensile specimen and metallographic sample
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Fig.4  Comparison of process effect
a—the original weld cross section ~b—the processed weld cross section by

Image]

I AR A LR
2 ZREESER

2.1 AEHBERANEEESALHZNT

[ 7€ $1 4991 300Hz AR 3. Omm , X AN[F] 1
RTS8 . BT S BTs B R AN IR 8 5 2T JR 4
B AL o 6 AR R LR LA
2o mbnl A, FREHOCH BT EE T A S 2 1AL,
ForpJRaE T2 Rl fL R B i iU L 2P AL, B
ZRHA I HIMABEZhZ )G, B T3 OGO
Rt AN W A3, A M R Bl R R R T
AIXHRAT N, A M TR 77 5 R OB iR Bl 72
A TR BRI SRV M % B A T [
By RS AT T AR T SR H5 1t 1) 5 [ 3 R PRAIR, 2
T TR E S B TR I R] 5 55— T O PR Y
PR, (A b i TR K, TR TE HEA R AL GEO LI
A TR BOGRLALTE et

G
(&

A
™
l w J . . ¢ .
1‘ .‘.‘.' .'“'.. “...._ - ., - ‘,.- -

Fig.5 Longitudinal section of the weld in different scanning modes
a—CW scanning mode and porosity 0. 7%  b—CCW scanning mode and
porosity 1. 1%  c—figure 8 scanning mode and porosity 0. 6%  d—linear
scanning mode and porosity 3.2%  e—infinity scanning mode and porosity

0.5% f—single laser scanning mode and porosity 8. 6%
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Fig. 6 Porosity curve under different scanning modes
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Fig.7 Longitudinal section of the weld in different scanning frequency
a—O0Hz and porosity 8.6%  b—>50Hz and porosity 6. 8% ¢—100Hz and
d—150Hz and porosity 1.2%  e—200Hz and porosity
0.6% {—250Hz and porosity 0. 7% g—300Hz and porosity 0. 5%
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Fig.8 Porosity curve under different scanning frequency
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Fig.9 Longitudinal section of the weld in different scanning amplitude

a—0mm and porosity 8.6% b—0.5mm and porosity 11.0% c—1.0mm

and porosity 9.7%  d—1.5mm and porosity 3.7% e—2.0mm and poros-
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Fig. 10 Porosity curve under different scanning amplitude
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Fig. 12 X-ray inspection of the joint
TERR IR I3 AR ERL AR A TR S 5
HBCFIIME . LR R R, SRSk T ILE BE Y
{64 271MPa, 25 33 BE 41 1Y) 88% , 123k W ¢ T AR 4E 4L,
W 13 iR

Fig. 13 Tension sample
4 #

(DAEARFMIE A, O SRk s B 3%
WAL A BRAE AR HRIE U M7 e i AL
S, H 4 Bl (CW,CCW B 8 FITET5 ) A
AL BT AL

(2) B 319l 990 25 AR 41 9 41 Wk 1) 958 o, LA )
MU G R KT 200Hz L2 31 4R 05 R T
2. 0mm i}, BEFFEIICH LAY L RAR4E

(3)6.0mm J& 5183 F5-ExHER I L 2N
P90 88 30 095 K, 140 0 R 300Hz, 1 $ Ik IE
3.0mm, tEZ4R T AE 1 2 A G AL L B o
271MPa JyBRpF 3 88% A RO Hede sk o

2 £ X &t

[1] CHEN K, XIAO R Sh, ZUO T Ch, et al. New advances in laser
welding of high strength aluminum alloy[ J]. Applied Laser, 2002,
22(2) :206-208 (in Chinese).

(2]

(6]

[7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

LI Sh, WANG J, WANG Ch M, et al. Study on pore defects of alu-
minum alloy in laser MIG composite welding [ J ].
2013, 33(6) :595-600 (in Chinese).

YU Y, WANG C, HU X, et al. Porosity in fiber laser formation of
5A06 aluminum alloy [ J]. Mechanical Science and Technology,
2010, 24(5) ; 1077-1082.

DEVINCENT S M, DEVLETAIN J H, GEDEON S A. Weld proper-
ties of the newly developed 2519-T87 aluminum armor alloy [ J].
Welding Journal, 1988, 22(7) :3343.

TSUKAMOTO S, KAWAGUCHI I, ARAKANE G, et al. Suppression
of porosity using pulse modulation of laser power in 20kW CO, laser
welding[ C]// 20th International Congress on ICALEO 2001. Orlan-
do, USA: Laser Institute of America (LIA), 2001, C. 400408.
ZHAO L, ZHANG X D, CHEN W Zh, et al. The laser weaving
method reduces the tendency of laser welding pores[ J]. Transactions
of the China Welding Institution, 2004, 25(1) :29-33 (in Chinese).
BAO G, PENG Y, CHEN W Zh, et al. Study on laser-weaving weld-
ing of ultra fine grain steel[ J]. Applied Laser, 2002, 22(2) ;203-
205 (in Chinese).

LEIZh L, LI'Y, CHEN Y B, et al. Effect of double beam laser beam
welding on the porosity of aluminum alloy [ J]. Transactions of the
China Welding Institution, 2013, 34(2) ;4044 (in Chinese).
WANG J. Study on the technology and plasma behaviour during the fi-

Applied Laser,

ber laser and laser hybrid welding of aluminium alloy[ D]. Wuhan:
Huazhong University of Science and Technology, 2012:1-12 (in Chi-
nese) .
LUO H, HU L J, HUANG Sh H, et al. Laser welding of aluminum
alloys[ J]. Laser Technology,1998, 22(2) : 94-98 (in Chinese).
WANG W, XU G Y, WANG X Y, et al. Porous suppression tech-
nology of 1420 Al-Li alloy laser welding[ J]. Transactions of the
China Welding Institution, 2008, 29(2) :5-7 (in Chinese).
ZHANG D W, ZHANG H, LIU J, et al. Experiment study of alumi-
num alloy continuous-pulsed laser welding process[ J]. Laser Tech-
nology, 2012, 36(4) :453458(in Chinese).
MATSUNAWA A, SETO N, KIM J D, et al. Observation of keyhole
and molten pool behavior in high power laser welding [ J]. Selective
Transactions of the Joining and Welding Research Institute, 2001,
30(1).13-27.
JIANG Zh W, GONG Sh Zh, WANG Q H. Study on the tracking
control technology of dual-beam laser welding[J]. Laser Technolo-
gy, 2013, 37(1) ;:1-5(in Chinese).
LIU J C, SHENG C L. Highlights in the application of new alumi-
num alloy[ J]. Chinese Journal of Rare Metals, 2011, 35(6) :812-
817.
ZHANG H G, JIN X Zh, CHEN G Y, et al. Study on the burning
loss of magnesium element in fiber laser welding aluminium alloy
5052[J]. Laser Technology, 2012, 36(6) :713-718 (in Chinese).
ZHANG X D, CHEN W Z. Improvement of weld quality using a
weaving beam in laser welding[ J]. Journal of Materials Science &
Technology , 2004, 20(5) :633-636.
KONG X F, LI F, LV J X, et al. Fiber laser welding of 5083 alu-
minium alloy with fibller wire[ J]. Chinese Journal of Lasers, 2014 ,
41(10) ;1003007 (in Chinese).
ZUO T Ch. Laser processing of high strength aluminum alloy[ M ].
Beijing: National Defense Industry Press, 2008 :3-28 (in Chinese) .



