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Influence of nozzle shape on the quality of aluminum
joints product by laser-arc hybrid welding

YANG Yudong, LIU Jia, SHI Yan, ZHANG Yaliang
(School of Mechanical and Electrical Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: In order to research the effect of different nozzle shapes on the quality of weld forming joint, numerical simulation
of flow field of different shape nozzles were established by FLUENT software. The testing of bead-on-plate welding to 5083
aluminum alloy plate with 10mm thickness was carried out under the same processing parameters by using Nd: YAG-MIG hybrid
welding. After experimental verification, the results show that, the welding stability of multi-row round nozzle is the best, and
weld penetration and weld width are the largest, 9. 41lmm and 4. 45mm respectively, but the porosity is up to 7.34% . The
protective effect of single side square nozzle is the best, but its welding stability, weld penetration and weld width are between
multi row round nozzle and single side round nozzle. Protection effect of single side round nozzle is between multi row round
nozzle and single side square nozzle, and then, welding stability and characteristic value of welding appearance have the worst
results. Protection effect of square nozzle is the best. The research illustrates numerical simulation of protection effective range
and airflow stiffness of different nozzle shapes.
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Table 1  Chemical composition ( mass fraction) of 5083 aluminum alloy and

filler wire

material Si Fe Cu Mn Mg
. 0.004 ~ 0.04 ~
5083 aluminum alloy  0.004  0.004 0.001 0.01 0.049
ER5087 0.00022 0.0015 0.00005 0.009  0.048
material Cr Zr Zn Ti Al

0.0005 ~

5083 aluminum alloy 0.0025 — 0.0025 0.0015 balance

ER5087 —

1.2 RAWEERAZE
A B b ok ] 7 [E TRUMPF 2% &) A= 77 |
HIA006D % Nd: YAG %t #5 . #8 T Panasonic YM-
350AG2 #I MIG #{41 M KUKA #lgs N4 B 3k
G R GEX 5083 45 F AR AT P AR SR

0.00082 — —

balance

YAG #OGIE K A =1064nm , G R = HF8 25mm -

mrad, YeBE B /2 D = 0. 6mm, 3% 22 B, WL & L 7l
8. 0A , BOEINZP =3. 0kW , 542 77 1 =200. 0A, FEL 3K
HE U =20.8V B4 3% v = Im/min, B & Af =
—2mm , JF 22 AR i T AE 2 TH A8 422 fish 2 FBOY R AE T
YEZRENVE A S Z B RS Dy, = 3mm, LR AR N
4T 99. 9% I 250/ /min,, FRIZ AN
R TS KRS TR R SR IR 2,

Table 2 Nozzle shapes and size parameters

nozzle shape multiple row a single a single

circular tube round tube

00,00

4 x 10 15

square tube

15 x15

section

inside
diameter/mm
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Fig. 1 Position diagram of workpieces, laser beam, and welding torch
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Fig.2  Morphology of welding cross section and calibration of basic parame-

ters
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Table 3 Parameters data of numerical simulation

e she serial gas velocity Reynolds Mach
fozzie shape number v»/(m+s~") number Re number Ma
multiple row P, 1.3 1013 0.004
circular tube

a single P, 2.4 2701 0.007

round tube

a single Py 1.9 2121 0.006

square tube
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Fig.3 Nozzle meshing and the setting of boundary conditions
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Fig.4 Cloud chart of axial flow velocity of multi row round tube nozzle
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Fig.5 Cloud chart of axial flow velocity of single side round tube nozzle
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Fig. 6 Cloud chart of axial flow velocity of single side square tube nozzle
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Fig.7 Melt dripping transition process of multi row round tube nozzle
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Fig.8 Welding current probability density under different nozzle shapes
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Fig.9 Welding current fluctuation under different nozzle shapes
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Fig. 10 Melt dripping transition frequency under different nozzle shapes
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Fig. 11  Penetration under different nozzle shapes

Fig. 12 Weld appearance under different nozzle shapes
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Fig. 13 Weld width under different nozze shapes
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Fig. 14 Hole sample morphology under different nozzle shapes

Hi 18] 15 AT, ZEARTR]ORAP AR fat A [a] PR s
T, ZHEB A T AL R K, SR I AL
Fdp/ N BRAPRCR B, B BB B Y DR AP RCR A T
P Z [



228 S R S N 2018 4F 3 H
[5] LAHTI K. One + one is more than two [ J]. Svetsaren( English Edi-
7t tion) , 2003, 8(2) : 22-24.
[6] SONG X H, JIN X Zh, CHEN SH Q,et al. Progress of laser-arc hy-
§ brid welding and its applications in automotive body manufacture[ J].
g 6 Laser Technology, 2015, 39(2) : 259-265 (in Chinese).
g [7] YAO Y Sh, WANG Y Y, LI X Y. Review on laser hybrid welding
5t technology [ J . Hot Working Technology ,2014, 43(9) :16-20 (in
Chinese) .

4 NN [8] LI'Y X. Study on technology of laser-arc hybrid welding for structural
YT}UltilPk? I‘%W Slrzigt]eb Sqlf;:egltibe steel plates [ D]. Changchun; Jilin University, 2013:9-23 (iin Chi-
circular tube round tube

nese ) .
Fig. 15 Sample porosity under different nozzle shapes (9] ZHAO Y B, LEI Zh L, MIAO Y G, et al. Welding characteristics of

%?L%E%?ﬁ D[EJL:L?L$j(/J\ E"J EE% % o E 2.4 laser-arc double-sided welding for aluminum alloy[ J]. Chinese Jour-
ﬂrj‘[:fj E‘Jﬁ?ﬁéﬁ%ﬂ%ﬂ , gj;"; %ﬂﬁkﬂ%;{{@}‘% B:L:‘h?}zli B/‘J nal of Lasers, 2011, 38(6) : 117-123 (in Chinese).

N [10] YANG J, LIX Y, GONG Sh L, et al. Characteristics of aluminium-
i35:3 = VD g s 1N I ’ ’

HEpRE2E ’%TF m%f/ﬁﬁﬁfikﬁﬂﬁ%ﬁﬂﬁ%}fﬁ I AT lithium ally joint formed by YAG-MIG hybrid welding[ J]. Transac-
%%{L E@LY#@H—JI o @E}E 3.2 dﬁf ':F‘ H/‘J ﬁ*ﬁﬂﬁ% ’ gﬂk tions of the China Welding Institution, 2010, 31(2) :83-86(in Chi-
TS R B OR , B2 RO BE R A R AL A% 1 2 nese).

8 S — " 8 11] ZHOU Y F. Study on fiber laser-MIG Arc hybrid welding of 5A06 a-
P PRI R o = e Sk A T 3% LD s HE 44 [
kg(ﬁljﬁi HE> }'«ﬁ»(’[ﬁlﬁ%%ﬁmﬁiﬂérﬁ{ﬁntﬂ}%{tﬁ ’ /\%‘%EE‘/I luminum alloy[ D]. Changsha: Hunan University, 2016:5-22 (in
N5 — s =) > [ ) 3
@%éldil: s H:I:/:\A?(Ligz ’ /:M}L$mj(o ﬁ/l\ﬁré:ﬁ}:‘%ﬁélz Chinese) .
E@%?]ﬁﬁigi , Wmﬁ%?ﬁ%@ﬁﬂg%}ij}j{ , %ﬂ:/{ﬁg [12] GU L. A study on laser-arc hybrid welding for aluminum alloy and

v N . - N ical simulation for the temperature field[ D ]. Wuhan: Hua-

TR R R A 5 <IN A e numerica p
Eﬁﬁ{%{ﬁlth ’/\}:{%ﬂ:‘ %JU%IS&/TJ ijJa: —LM:M}:% {)@ zhong University of Science and Technology, 2006 :28-43 (in Chi-
EF"{ﬁﬁHj ,%%L%ﬁ{fﬁo *ﬂﬁ‘/l\jj‘,é;*ﬁ tt,ﬁ‘/l\%l}ﬁu% nese) .
SREE /N, STILBN T ZHERAE MRS 20 [13] YUEHIJ, ZHAO H Y, CAI Zh P, et al. Welding residual stress
and distortion simulation of thin aluminum structures[ J]. Journal of
4 gﬁ 'L/b\ Mechanical Engineering, 2005,41(2) : 223227 (in Chinese) .
[14] ZHANG J, CAI Y. Influence of side-blow assist gas nozzle position

( 1 ) f:E?FH Iﬁ]‘?ﬁi%? s zfiﬂf %Uﬁi" H% H‘J{%*}h?ﬁ l%]j( s on plasma dimensions characteristic[ J]. Hot Working Technology,

ey S T S 2 J 2012, 41(3) :104-107 (in Chinese).
SRR /N BT A B SR AR, A AR ) Ui Chinese) |

P E— N - e R [15] ANCONA A, SIBILLANO T, TRICARICO L, et al. Comparison of
/J\ 5 $ I 5 ﬂﬁi‘u% H‘Jﬁé‘i{%ﬁj {B[%]%ﬂ WOIL&E%&K% ° two different nozzles for laser beam welding of AA5083 aluminium al-

(2) E*H IE] /—:("Mgiﬁi_lt s zﬁ'f % ﬂﬁ" ﬂ%ﬁ E/‘J J:‘z?: ?ééﬁ loy[ J]. Journal of Materials Processing Technology, 2005, 164

B SHB PR IR o
. Effect of side gas on laser
N £ 1 Y Ve = NE D = ) . B A5 [phe e ’ ’ °
(S %PH%U\Z' ’ $ ! S H%Eilj\ ’ gﬁF i ﬂ%_F induced plasma during laser deep penetration welding[ J]. Transac-
PSR TR, B BB LR /N IR i tions of the China Welding Institution, 2006, 27 (10) ;3740 ( in
U B R A T I 2 L G
17] ZHANG N, SHENG H C, YAO H Zh. Validation of numerical sim-
QZ’:A:E' “,*Fl e \‘,‘Q:b y i 5 ,

(3 ) e }::F Eﬁé ]it%z_‘[ %ﬂ ’ }::F Tﬁ ﬁ:t%\’n %4Eﬁ%ﬂﬁ%\ ulation on resistance and flow field of submarine and numerical opti-
iETﬁﬁ*%ﬂifﬁEﬁ%ﬂ E/‘J%ﬁuﬁ_‘f H%‘ﬁyj({%jﬁh?@ lﬂﬂl mization of submarine hull form [ J]. Journal of Ship Mechanics,
%‘bﬁfﬁﬁo 2005, 9(1): 1-12 (in Chinese).

[18] CHEN Q G, XU Zh, ZHANG Y J. Numerical simulation of a semi-
& * X # confined slot turbulent impinging jet[ J]. Chinese Journal of Applied
[1] HEINE A, HASZLER A, KEIDEL C,et al. Development in alumi- Mechanics, 2003, 20(2) : 88-91(in Chinese).

num alloy for aerorspace application[ J]. Materials Science and Engi- [19] CHEN Q G, XU Zh, ZHANG Y J. Numerical simulation of turbu-

neering, 2000, A280(2000) : 102-107. lent impinging jet flow using a modified renormalization group model
[2] ZHOU W Sh. The welding of aluminium and aluminium alloy[ M ]. [J]. Joumnal of Xi”an Jiaotong University, 2002, 36(9) : 916-920

Beijing: Mechanical Industry Press, 2006 : 34 (in Chinese) . (in Chinese).

[3] ZHAOTW, JIANG Y Y. Fatigue of 7075-T651 aluminum alloy [ J]. [20] ZHANG Zh Sh, CUI G X. Fluid mechanics[ M]. Beijing: Tsinghua

International Journal of Fatigue, 2008, 30(5) : 834-849. University Press, 2015:20-85(in Chinese).

[4] ZHAIY F, HUANG J, LI M, e al. Research on high speed high [21] WANG B, SONG Y L. The phenomenon of welding arc and weld

power CO, laser welding of 6061-T6 aluminum with filler wire[ J].
Chinese Journal of Lasers, 2011, 38(5) : 85-90(in Chinese).

material manufacturability[ M]. Beijing: Mechanical Industry Pub-
lishing House, 2012:13-90(in Chinese).



